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questions of the fallout controversy: Was there a threshold of radiation exposure below
which there would be no significant injury? What was the role of a responsible scientist
in a public scientific debate? Genetics and medicine were the scientific fields most
directly involved in the debate over the biological effects of radiation. Geneticists'
prewar experiences with radiation led them to believe that there was no safe level of
radiation exposure and that any amount of radiation would cause a proportional amount

of genetic injury. In contrast to geneticists, physicians and medical researchers generally
believed that there was a threshold for somatic injury from radiation. One theme of the
dissertation is an examination of how different scientific conceptual and methodological
approaches affected how geneticists and medical researchers evaluated the possible
health effects of fallout.

Geneticists and physicians differed not only in their evaluations of radiation

hazards, but also in their views of how the debate over fallout should be conducted. A
central question of the fallout debate was how a responsible scientist should act in a

public policy controversy involving scientific issues upon which the scientific community
had not yet reached a consensus. Based on their assumption that any increase in radiation
exposure was harmful, most geneticists believed that they had a responsibility to speak
out publicly about the deleterious effects of radiation. Physicians, who believed in the
likelihood of a threshold for significant radiation-induced injury, generally adopted the

opposite view. They believed that public discussion of possible, but improbable,
radiation hazards was irresponsible because it risked creating irrational public fear of

radiation exposure. In my dissertation, I examine how the different positions of
geneticists and physicians over what constituted responsible public scientific debate
affected the rhetoric of the controversy, as well as the implications of the debate in
matters of politics and policy.
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Thresholds of Uncertainty: Radiation and Responsibility in the Fallout Controversy
Introduction

"You might say it was out of control."
Representative Chet Holifleld (D-CA), commenting on the Bravo Shot
In the early dawn of 1 March 1954, Shinzo Suzuki, a crewman aboard the
Japanese fishing ship, Fukuryu Maru, or The Lucky Dragon, called out to his crewmates
"The sun rises in the west!" The vessel was trolling for fish 80-90 miles east of the Bikini

atoll, perhaps best known as a test site for the United States nuclear program. As the
ominous glow surged across the sky, the Japanese fisherman debated whether or not they

were witnessing a pika-don. A compound of the Japanese words for thunder and flash,
pika-don had been coined shortly after the Hiroshima and Nagasaki bombings to describe

the atomic bomb. The Lucky Dragon 's chief engineer, Tadashi Yamamoto, advised the

crew to pay attention because "strange things may follow!" Shortly after Yamamoto's
warning, crewman Takashi Suzuki did note something strange--white sand was falling

from the heavens.'
Yamamoto was right in ways he probably did not foresee. The white sand that fell

upon the crew of the Lucky Dragon was radioactive fallout from the Bravo shot

the

United States first test of a deliverable thermonuclear device. The bomb was an
unqualified technical success, producing an explosive yield of fifteen megatons, almost

double what the weapons designers had predicted. Though successful from the
perspective of weapons design, Bravo proved to be a disaster for the United States testing

program. In addition to dusting U. S. military personnel, Marshallese Islanders, and the
unlucky Japanese fishermen in the vicinity of the test with heavy concentrations of

radioactive material, the Bravo shot injected its fallout into the stratosphere, spreading it

worldwide. It was, in many respects, the initiating event of the fallout controversy;
however, scientists provided an important catalyst for the widespread public debate that

followed. My dissertation focuses on the scientific debate over fallout, primarily
focusing on the genetics and medical communities.
Scientists were far from the only people involved in the controversy, which was

highly politicized. Peace activists, Cold Warriors, and a host of others entered the fray.
In particular, the fallout controversy was inextricably tied to the debates about the arms

race. Many test ban advocates brandished the public health issues raised by fallout as a
reason to stop testing, which they hoped would be a first step towards nuclear

disarmament. Supporters of continued testing often argued that hazards from fallout, if
there were any, were outweighed by the needs of national security. Throughout the
fallout controversy, promotion of a test ban, and the peace movement in general, were

associated with communist propaganda efforts. In the 1956 Presidential campaign,
Democratic candidate Adlai Stevenson proposed ban on hydrogen bomb tests, making

nuclear testing a campaign issue. Much to Stevenson's dismay, Soviet Premier Marshall
Bulganin asserted that the Soviet Union was also in favor of a test ban, and noted with
approval that prominent public figures in the United States held similar views.

Bulganin's pronouncement did irreparable harm to the Stevenson campaign.2

'Ralph Lapp, The Voyage of the Lucky Dragon (New York: Harper & Brothers Publishers, 1957), pp.
28-34.
2
G. Hewlett and Jack M. Holl. Atoms for Peace and War, 1953-1961: Eisenhower and the Atomic
Energy Commission (Berkeley: University of California Press, 1989), pp. 37 1-373; Robert A. Divine,
Blowing on the Wind: The Nuclear Test Ban Debate, 1954-1960 (New York: Oxford University Press,

1978)pp. 98-100.
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In 1958, the Soviet Union again used the test ban issue for propaganda purposes.

Capitalizing on the growing worldwide concern over the effects of fallout, the Soviets

announced a unilateral suspension of nuclear testing on 31 March 1958. In a letter to
Eisenhower, Khrushchev cited U. S. scientist Linus Pauling's petition to the United
Nations as evidence that a test ban was desirable. Pauling, a Nobel Prize winner and
peace activist, had collected thousands of signatures from scientists around the world in

support of a test ban. One reason for pursuing such a ban given in the petition was the
public health hazard from radioactive fallout. After conducting an already planned series
of tests in spring of 1958, the United States joined the Soviet moratorium on testing. The

test moratorium lasted for almost three years. On 31 August 1961, in the midst on
unproductive and bitter test ban negotiations, the Soviet Union announced that it would

resume atmospheric testing. The announcement came a few months after the France
conducted a series of nuclear tests in the Sahara, becoming the fourth nuclear power. The

Soviet Union and the United States once again began atmospheric testing. The Cuban
Missile Crisis, which brought the two superpowers to the brink of a hot war, spurred

renewed test ban negotiations. In the summer of 1963, the Soviet Union and the United
States signed the Limited Test Ban Treaty, which banned nuclear tests in the atmosphere,

oceans and space. The political context of the test ban and fallout debate have been
discussed in detail

elsewhere.3

In my dissertation, I address some of the political issues

surrounding the fallout controversy in order to highlight the disciplinary aspects of the

For example, see Richard G. Hewlett and Jack M. Holl. Atoms for Peace and War; Robert A. Divine,
Blowing on the Wind; Lawrence S. Wittner, The Struggle Against the Bomb, vol. II, Resisting the Bomb:
A History of the World Disarmament Movement, 1954-1970 (Stanford, CA: Stanford University Press,
1993).

scientists' debates over fallout hazards, as well as provide some indication of the broader

social and political context.

Much of the scientific debate centered on the biological effects of low levels of

radiation produced by fallout. At the time of the Bravo shot, information on low-level
radiation effects was virtually non-existent. The Health Division of the Manhattan

Project had carried out limited studies on chronic, low-level effects. The Project's
successor, the Atomic Energy Commission (AEC) conducted or funded many such

studies during the debate. However, the very nature of chronic injury ensured that
scientific knowledge of low-level effects would remain uncertain throughout the fallout

controversy. In addition, the political nature of the AECthe agency was charged with
producing the nation's nuclear stockpile

created suspicion about the Commission's

interpretations of the scientific evidence.
The biological radiation effects of most concern in the scientific debate were the
production of genetic mutations and somatic effects such as cancer and life-shortening (a
general, but statistically measurable shortening of the life span from nonspecific causes).

Geneticists were among the first scientists to publicly warn of possible hazards from

fallout. Their scientific work with radiation led them to conclude that any increase in
radiation exposure even one as slight as that from worldwide fallout

would cause an

equal increase in mutant genes, which were nearly all deleterious. According to
geneticists, there was no threshold for genetic injury. Physicians, most of whom had little

knowledge of genetics, generally believed there was a threshold for biological injury.
They knew that radiation was a carcinogen, but their clinical experience with the disease
led most to conclude that relatively high doses of radiation exposure were necessary in

initiate neoplastic growth. As cancer, particularly leukemia, became one of the most
feared consequences of fallout, the question of whether there was a threshold for cancer

was hotly debated. In part, the resurgence of a prewar theory of carcinogenesis

that

mutations in the genetic material of the somatic cells initiated cancer created a possible
link between the genetic and somatic effects of radiation and helped to fuel the debate
over whether cancer incidence increased in a linear relationship with radiation exposure.
The question of whether a threshold existed for radiation injury was, perhaps the

central scientific question of the fallout debate. The consequences of the non-threshold,
or linear hypothesis, were far-reaching. If there was no threshold, then even the low
amounts of radiation from fallout might significantly affect public health and place

weapons testing and national security in jeopardy. In addition, extremely low radiation
protection standards for permissible exposures would greatly increase the cost of using
radiation in industry and medicine, possibly making certain applications practically

impossible. Physicians had more than just an occupational interest combating the linear
hypothesis

their expert authority was at stake. The physicians had taken a leading role

in the formation of radiation protection committees in the prewar era and they were
largely responsible for the adoption of the threshold concept as the basis of radiation

standards. Some geneticists had been displeased for years before the fallout controversy
that these committees had ignored their concerns about the lack of threshold for genetic
injury. Many geneticists also believed in the centrality and importance of their discipline

to the biological sciences and the public's health. Thus, the fallout debate became a
matter of disciplinary politics as well as national politics.

All of the above issues are intertwined with another of the central questions of
the scientific debate over fallout hazards. What was the role of a responsible scientist in a

public controversy largely based on uncertain science? Scientists' opinions on radiation
hazards had many implications, including public health policy, national security, their
own disciplinary politics, and scientific research. Many of the scientists involved in the
fallout debate were not new to the worlds of public policy and politics. The development
of the atomic bomb and other wartime technological advances by scientists had given

them unprecedented stature as government advisors. In the immediate postwar years,
scientists also organized to lobby for civilian control of atomic energy and international

regulation of atomic development. Yet few of the issues of the immediate postwar
period, such as civilian and international control of atomic energy, rested on scientific
questions whose answers were as uncertain and seemingly irresolvable as those of the
fallout debate.

In the dissertation, I have focused on how geneticists and physicians addressed

the issue of being a responsible scientist. Geneticists were generally in favor of public
discussion of the possible hazards from low-level radiation. This fit their scientific

interpretations of the genetic, and possibly somatic, effects of radiationcertainly the
public should be warned and educated if low levels of radiation could reasonably pose a

potentially significant threat. In contrast, many physicians thought that low levels of
radiation were unlikely to be harmful. Public airing of improbable hazards risked
creating irrational public fear. They believed that it was best to keep such discussion
largely within the scientific community until a consensus had been reached. Of course,
the views of geneticists and physicists often correlated with disciplinary politics as well.

Public discussion of genetic effects provided a platform for geneticists to convince the

both the public and policy-makers of the importance of genetics in general. Physicians
feared that public discussion of radiation hazards might have a negative effect on their
use and regulation of radiation. This placed them in good company with AEC officials,
whose categorical denials of fallout hazards provoked several geneticists to speak out
publicly.

Though political, social, and personal factors certainly influenced the positions
scientists took in the fallout debate, I have concentrated primarily on the influence of
scientists' disciplinary background on how they engaged in the fallout controversy.
Admittedly, it can be difficult to determine how important disciplinary considerations

were on the positions taken by scientists in the fallout debate. For example, of the
physicians involved in the fallout debate were also affiliated with the AEC. Still, the
actions and rhetoric of a significant number of the geneticists and physicians who
participated in the fallout debate fit well with conceptual and methodological approaches
to scientific research, disciplinary interests, and other discipline-related issues that reach
back into the prewar era.
The main subjects of this history are the geneticists and physicians who played

significant roles in the public and policy debate. These include AEC officials, members
of advisory committees, policy-making bodies, committees organized by scientific
organization such as the National Academy of Sciences (NAS), and those who had a
national public presence. This is a history of how they waged what one participant called
"The Battle of Fallout." I hope I have also elucidated some of the ways in which the
fallout controversy was one of the prototypes for scientific controversies over public

health issues that have become characteristic of the postwar era. Most directly, the
fallout debate initiated and scientific and public controversy over the hazards of low-level

radiation that continues to this day. Public awareness of fallout hazards also provided the

foundation for concerns over environmental public health hazards in general. In the
opening of her landmark book Silent Spring, Rachel Carson used the bomb-produced
radionulcide strontium-90 as an example of an already existing man-made environmental

hazard. Carson's use of strontium-90 to introduce her concerns about chemical pollutants
points to the importance of the fallout debate in preparing the public for the discussion of

such issues. As historian Ralph Lutts notes: "Not only did she [Carson] tap into this
anxiety [about fallout] and direct it towards pesticides; she also used the public's exiting
understanding about the hazards of fallout to teach about the similar hazards of chemical
poisons."4

Fallout focused public interest on environmental causes of cancer and other

diseases, as well as potential dangers for future generations.
In addition to raising public awareness of environmental hazards, the fallout
debate was part of a general shift within the scientific community regarding causes of
disease and they methods used to investigate them. The success of germ theory at the turn

of the century had focused the attention of physicians and public health officials on

deterministic casual mechanisms associated with infectious diseases. Scientists looked
for one organism which could be isolated as the cause of specific illnesses. By the end of
the 1930s, success in combating infectious diseases had led to a notable increase in the

"diseases of civilization," such as cancer and heart disease. These ailments defied the
conceptual and methodological approaches which had been so successful in studying
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infectious disease. In particular, the complex etiology of cancer left researchers
bewildered as to its casual mechanism. In the late 1940s and early 1950s, scientists began
to use large-scale epidemiology studies to produce statistical evidence correlating chronic

diseases with possible environmental causes. These statistical studies did not provide
direct evidence for specific casual mechanisms. Rather, the studies attempted to estimate
the probable increase in the risk of contracting a certain disease. The first successful

studies of this kind were those connecting smoking with lung cancer. The fallout debate
triggered widespread interest in obtaining similar evidence on the relationship between

radiation exposure and cancer. Scientists' debates over low-level radiation effects in the
fallout controversy helped to define many of the issues involved in public debates
between scientific experts where "certainty" is no more than statistical predictions of risk.

Despite the importance of the fallout controversy in the early history of the Cold
War, and its role in defining the characteristics of postwar public health controversies,
there have been no detailed studies of the scientific debate which lay at the heart of the

fallout controversy. The fallout controversy has been discussed in many histories of the
early Cold War, including studies of the test ban debate, the United States nuclear testing

program, and the Atomic Energy Commission. In these works, however, scientists who
were involved in the debate over fallout hazards are usually brought onstage only
briefly.5

Histories of the development of radiation standards generally give only short

4Ralph H. Lutts, "Chemical Fallout: Rachel Carson's Silent Spring, Radioactive Fallout, and the
Environmental Movement," Environmental Review, 9:3 (1985), 210-225, p. 222.
Richard L. Miller, Under the Cloud: The Decades of Nuclear Testing (New York: Free Press, 1986);
Robert A. Divine, Blowing on the Wind; Barton C. Hacker, Elements of Controversy: The Atomic Energy
Commission and Radiation Safety in Nuclear Weapons Testing, 1947-1974 (Berkeley: University of
California Press, 1994); Richard G. Hewlett and Jack M. Holl. Atoms for Peace and War. Some accounts
of the fallout controversy, such as that by Harvey Wasserman and Norman Solomon, are highly biased
against the AEC and give a one-sided and incomplete account of the scientific debate. Howard Ball
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overviews of the scientific debate during the years of the fallout controversy.6 Given
the relationships between the fallout controversy and scientific investigations into
radiation effects, science and policy, and issues of national security and public health in
the early Cold War, an historical study of the research, debate, and rhetoric of scientific
debate fallout which connects the fallout debate with these broader contexts is long
overdue.7

The interaction of scientists and the public is also a major issue in studies of more

recent scientific environmental and public health controversies, including debates over
global warming and nuclear power.8 As noted above, the fallout controversy has many

similarities to these later controversies, including an uncertain scientific basis, close

connections to policy issues, and a highly public nature. Historical and sociological

presents a more balanced account of some of the scientific issues, but primarily focuses on later
retrospective epidemiological studies of "downwinders" in his account of court cases brought against the
government in the late 1970s and early 1980s by people exposed to fallout near the Nevada test site.
Harvey Wasserman and Norman Solomon, Killing Our Own.: The Disaster of America's Experience with
Atomic Radiation (New York: Delta Publishing Co., Inc., 1982); Howard Ball, Justice Downwind:
America's Atomic Testing Program in the 1950s (New York: Oxford University Press, 1986). Catherine
Caulfield's discussion of fallout exhibits a bias similar to that of Wasserman and Solomon. Catherine
Caufield, Multiple Exposures: Chronicles of the Radiation Age (New York: Perennial Library, 1989).
6
L. Kathren, "Pathway to Paradigm: The Linear Nonthreshold Dose-Response Model in Historical
Context," Health Physics, 70:5 (1996), 621-635; J. Newell Stannard, Radioactivity and Health: A History
(Richland, WA: Pacific Northwest Laboratories, 1988); J. Samuel Walker, Permissible Dose: A History
of Radiation Protection in the Twentieth Century (Berkeley, CA: University of California Press, 2000).
Carolyn Kopp, "The Origins of the American Scientific Debate over Fallout Hazards," Social Studies of
Science, 9:4 (1979), 403-422. Gilbert Whittemore's excellent history of the National Committee on
Radiation Protection (NCRP) provides only two brief, illustrative examples of the fallout debate. Gilbert
Whittemore, "The National Committee on Radiation Protection, 1928-1960: From Professional Guidelines
to Government Regulation" (Dissertation at Harvard University, 1986).
8
L. Campbell, "Uncertainty as Symbolic Action in Disputes among Experts," Social Studies of
Science, 15:3 (1985), 429-453; Marteen A. Hajer, "Acid Rain in Great Britain: Environmental Discourse
and the Hidden Politics of Institutional Practice" in Frank Fischer and Michael Black, eds., Greening
Environmental Policy: The Politics of a Sustainable Future (New York: St. Martin's Press, 1995),
145-164; Alan Irwin, and Brian Wynne, eds., Misunderstanding Science? The Public Reconstruction of
Science and Technology (Cambridge, UK: Cambridge University Press, 1996); Sheila Jasanoff, The Fifth
Branch: Science Advisors as Policy Makers (Cambridge, MA: Harvard University Press, 1990); Sheila
Jasanoff, "Science, Politics, and the Renegotiation of Expertise at the EPA," Osiris, 2' series, vol. 7
(1992), pp. 194-217; Sheldon Krimsky and Alonzo Plough, Environmental Hazards: Communicating
Risks as a Social Process (Dover, MA: Auburn House, 1988).
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studies on more recent controversies often focus on scientists' attempts to maintain
their status as experts by delineating boundaries between science and non-science, by
strategically managing scientific uncertainties, and by negotiating the status of their
claims with other parties involved in the debate. Much of this work on recent scientific
controversies seeks to address the political, economic, social, and moral dynamics of
scientific controversies in order to de-privilege scientific knowledge and provide a more
realistic picture of the interrelationships of science with these broader contexts.
However, as Michael Mulkay noted in his review of Alan Irwin and Brian Wynne's
Misunderstanding Science?, they often provide a less-than-detailed examination of the
input of the scientific community.9 David Jacobsen and Charles A. Zeigler have recently

shown that knowledge of the content of the science underlying a debate--the scientific
concepts, methods, and assumptions--may be crucial to an accurate portrayal of how and
why scientists engaged in the debate!° In the dissertation, I pay particular attention to the

debate within the scientific community over low-level radiation effects and how this
influenced scientists' involvement in the wider public controversy over fallout.
My choice of sources was key in allowing me to examine the fallout controversy

in new ways. Earlier histories which include discussions of the fallout debate, such as
Robert Divine's Blowing on the Wind, use few archival sources. More recent histories,
including Barton C. Hacker's Elements of Controversy and Richard Hewlett and Jack
Holl' s Atoms for Peace and War, make extensive use of archival sources, but these are
mainly restricted to government records. In writing the history of the fallout controversy,
9Michael Mulkay, "Misunderstanding Science? The Public Reconstruction of Science and Technology,"
Science, Technology, and Human Values, 22:2 (1997), pp. 254-258.
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I have examined the archival collections of several scientists, primarily geneticists,

involved in the debate. These documents have allowed me to examine aspects of the
debate which were not directly connected to government policy, but which nonetheless

had a significant impact on how scientists engaged in the fallout debate. These aspects
include the intradisciplinary debates between geneticists over radiation hazards and the

interdisciplinary tensions between geneticists and physicians. The geneticists' papers, in
addition to records held by the National Academy of Sciences, also provided a wealth of
information on the deliberations of the National Academy of Sciences Committee on the

Biological Effects of Radiation. This Committee produced one of the watershed
scientific documents of the fallout debate, yet its history has never been examined in
detail. These archival sources, in addition to examinations of runs of numerous scientific
journals, such as Cancer Research, the Journal of the American Medical Association,
Radiology, and the American Journal of Public Health, have allowed me to uncover
dynamics of the fallout debate which have received little attention. For example, though
geneticist James Crow and historian John Beatty have provided brief overviews of how
the theoretical debates in population genetics were related to geneticists' discussion of the

genetic hazards of radiation, little has been said about the heated disagreements during

the NAS Committee deliberations over whether to recommend a permissible dose." The

Jacobson and Charles A. Ziegler. "Insider and Outsider Perspectives in the Anthropology of
Science: A Cautionary Tale," Perspectives on Science, 6:4 (1998), pp. 361-380.
James Crow, "Quarreling Geneticists and a Diplomat," in Perspectives on Genetics: Anecdotal,
Historical, and Critical Commentaries. 1987-1998, James Crow and William Dove, eds. (Madison, WI:
University of Wisconsin Press, 2000), pp. 459-464; John Beatty, "Weighing the Risks: Stalemate in the
Classical Balance Controversy," Journal of the History of Biology, 20:3 (1987), pp. 289-319. Beatty makes
brief mention of geneticist James Neel's reluctance to make calculations to quantify genetic damage in
"Genetics in the Atomic Age: The Atomic Bomb Casualty Commission, 1947-1956," in The Expansion of
American Biology, Keith R. Benson, Jane Maienshein, and Ronald Rainger, eds. (New Brunswick:
Rutgers University Press, 1991), pp. 284-324.
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sources also reveal the degree to which geneticists' public pronouncements about the
genetic hazards of radiation were motivated by the desire to alter medical education and

practice far more than concerns about the effects of fallout. In addition to adding to the
historical literature on science in the early Cold War era, my study provides a significant
part of the largely unacknowledged historical origins postwar scientific controversies.
Though the fallout debate was a prototype of future controversies over environmental and
health hazards such as pesticide use, nuclear power, and global warming, recent historical

and sociological studies of these subsequent controversies make little, if any mention, of
the fallout debate.

Chapter Overviews
The first chapter examines geneticists' and physicians' prewar experiences with
radiation, as well as the nearly autonomous development of medicine and genetics. I
outline how physicians developed their understanding of the biolOgical effects of

radiation and give a brief history of the how the threshold concept became enshrined as

the basis of radiation protection policy. I show how the different aims and experimental
approaches of geneticists' investigations into radiation effects led them to adopt views on

radiation injury quite different from those in the medical community. I also show
geneticists' strong belief in the superiority of their scientific methodology to that of other
biological sciences and their relatively isolation from those sciences helped create an
almost evangelical attitude. Finally, I describe prewar debates over the somatic mutation

hypothesis of carcinogenesis, which illustrates physician's disdain and disinterest in
genetic explanations for biological injury.

14

Chapter two examines the early genetic research undertaken under the auspices

of the he Manhattan Project and the AEC, as well as the development of the AEC' s

information policies regarding radiation hazards. The AEC funded significant amounts
of genetic research. Two of the most significant research programs under its auspices
were the Atomic Bomb Casualty Commission (ABCC) genetic study of the Hiroshima
and Nagasaki survivors and a large-scale study of the genetic effects of radiation on mice

at Oak Ridge National Laboratory. However, from the outset, the AEC preferred not to
publicly discuss the genetic effects of radiation. When forced to, as when the ABCC
study became public, its official spokesmen downplayed the possibility of any detectable

genetic injury. Yet the research that the AEC funded often produced evidence about the
genetic effects of radiation that the Commission found disquieting. I examine how
internal debates about what to publish on genetic effects within the Commission and its
advisory committees created tensions between the agency and geneticists, particularly
when the AEC essentially adopted negative information policy of not publicly discussing
genetic effects.

Chapter three provides a brief overview of the beginning of continental weapons

testing. Initially prompted to set up a monitoring network by complaints from
Eastman-Kodak that fallout was damaging their film during processing, the AEC set up a
fallout monitoring network and initiated a public relations program for communities near

the test site. The Agency needed public acceptance of the harmlessness of radioactive
fallout in order to insure the continuation of continental weapons testing. The AEC also
initiated a secret program, Project Sunshine, to monitor the distribution of radionuclides

from fallout. Despite its efforts to conduct continental tests with a minimal amount of
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fallout, several explosions dusted nearby communities with high enough levels of

fallout to draw public notice. The AEC was largely able to minimize negative public
reaction to these incidents.
In the fourth chapter, I examine the consequences of the Bravo shot, a U. S. test of

a large thermonuclear device that spread fallout worldwide. Geneticists, deeply
concerned about the affect on widespread dysgenic influences, such as radiation, on the
human genetic heritage, used the spread of worldwide fallout to draw attention to the

importance and vulnerability of the human genetic heritage. Their initial public
expositions on the genetic hazards of radiation after the Bravo shot were motivated, at

least in part, by the AEC's official, and categorical, denial that any injury could have
resulted from the fallout. This contradicted geneticists' views that genetic injury was
caused by any amount of radiation exposure. The initial response of the AEC to the
geneticists was to continue to deny, ignore, or minimize any possible harmful effects
from fallout.

Chapter five details geneticists' growing mistrust of the AEC with regard to the

Commission's public statements on genetic radiation hazards. In particular, many
geneticists were incensed by a U.S. News & World Report article, which they believed
had been vetted by the ABC, that continued to essentially deny any harmful fallout

effects. In the chapter, I also discuss the continued lack of integration between the
genetics and medical communities during the early to mid 1950s, and physicians'

continued dismissal of the genetic hazards of radiation. The chapter concludes by
recounting the ABC's suppression of a paper by geneticist Hermann Muller, further
exacerbating the tensions between geneticists and the AEC.
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In chapter six, I provide examples of debates within the genetics community
over how best to estimate the genetic damage caused by radiation. Though all geneticists

agreed with the fundamental assumptions of radiation geneticsthat the injury was
proportional to the dose, that the effects were cumulative, and that the effects were

overwhelmingly deleteriousthey differed on how to quantify the damage. These
differences largely rested on the geneticists' experimental organism of choice, their
theoretical orientation, and whether they believed the evidence was adequate enough to

attempt quantification at all. This chapter provides the background for the sometime
contentious debates between geneticists who were part of the National Academy of
Sciences (NAS) Committee on the biological effects of radiation.
In chapter seven, I provide an in-depth examination of the deliberations of the
Genetics Panel of the NAS Committee on the Biological Effects of Atomic Radiation

(BEAR). Formed in response to public concerns about fallout sparked by geneticists'
warnings about genetic hazards, the BEAR Committee was charged with summarizing

and evaluating the available scientific evidence on radiation effects. Most members of
the Genetics Panel decided that they had a responsibility beyond simply reporting on the

current status of scientific knowledge. They seized the opportunity to recommend
maximum permissible cumulative exposure for radiation workers and the general

population. The chapter describes their debates over how to justify their permissible
dose.

Chapter eight primarily focuses on the deliberations of the BEAR Pathology

Panel. The physicians on the panel were puzzled by the apparent linearity of some
somatic radiation effects, such as leukemia and life-shortening. Their discussions reveal
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their firm commitment to the prewar threshold concept of radiation injury. Unlike the
Genetics Panel, The Pathology Panel restricted itself to a simple overview of current
knowledge on somatic effects, tacitly supporting the radiation standards recommended
by the National Committee on radiation protection. The chapter concludes by examining
the preparation of the final draft of the report of the Genetics Panel.

In chapter nine, I examine impact the of the BEAR Genetics Panel's report. The
report clearly stated that there was no level of exposure that did not cause injury.

Physicians, particularly radiologists, were sharply critical of the Genetics report. In
response, geneticists sought to educate the medical community about the genetic effects

of radiation. Though many of the initial meetings between geneticists and medical
professionals were emotional and contentious, geneticists did begin to receive positive, or

at least less hostile, reactions from the medical community. The debates and discussions
between the genetics and medical communities helped to foster closer ties and change
medical radiological practice.

In chapter ten, I explore how the growing controversy over fallout affected the
public scientific debate and the AEC' s information policies with regard to radiation

hazards. The injection of the fallout issue into the 1956 Presidential campaign created a
full-fledged and widespread public controversy over fallout, drawing scientists from

many disciplines and institutions into the debate. Faced with the necessity of discussion
of radiation effects in public, the AEC began to alter its information policies. Though the

AEC continued put forth the most optimistic interpretations of fallout effects possible, it
began to release substantially larger quantities of information on fallout, primarily with
regard to strontium-90, a bomb-produced radionuclide that became the most-discussed
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fallout hazard. Despite the AEC's efforts at improving its relationships with both the
public and the scientific community, it was unable to regain its expert authority with
regard to fallout and radiation hazards.
In chapter eleven, I discuss the publication of a paper by geneticist Edward Lewis

and its implications for the debate over fallout hazards. Along with the 1956 BEAR
report, Lewis' paper was one of the seminal scientific documents of the fallout debate. In
his paper, Lewis strongly suggested that there was a linear relationship between leukemia
incidence and radiation dose. Many scientists began to use his calculations in their public

statements on fallout effects. Many physicians, including the members of the Pathology
Panel, strongly critiqued Lewis' work. I examine how the controversy over Lewis' paper
affected both AEC planning for research on radiation hazards and the debate over
whether there was a threshold for somatic effects.
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Genetics, Medicine, and Radiation Before the War
The Atomic Age brought a host of new questions about the biological effects of

radiation. The increased use of radiation in medicine and industry, as well as its
newfound military applications, placed questions about radiation hazards and radiation

protection policy in a context quite different from that of the prewar era. However, the
two scientific communities most directly involved in the debate over the biological
effects of radiation in the fallout controversy, medicine and genetics, entered the debate

with considerable experience in using radiation. Their prewar understandings of the
biological effects of radiation were important in shaping their approaches to radiation

hazards during the fallout controversy. The largely independent development of the
medicine and genetics in the prewar era also had consequences for how these two
disciplines engaged each other in the fallout debate.' Each focused on different effects of
radiation and neither developed an understanding or appreciation of the other's work.
For example, when geneticists postulated that genetic mutation was the initiating event in

carcinogenesis their theories were dismissed out of hand by many physicians. Indeed,
genetics developed independently from most of the medical and biological sciences
before the war. Geneticists' belief in the importance of their discipline for nearly all the
biological sciences, coupled with the fact that they were generally ignored before the war,

provided part of their motivation for speaking out about radiation hazards. By discussing

genetic injury, they could also educate others about their science. These prewar
differences between medicine and genetics in how they viewed the biological effects of
Here, I use "discipline" in a very broad sense. Though there were many medical specialties, most, if not
all physicians believed in the concept of a threshold for biological injury, in the importance of the
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radiation and each other provided the basis for how they addressed the new questions
about radiation hazards raised in the fallout controversy.

Medicine and Radiation
The discovery of x-rays by Wilhelm Roentgen in 1895 and of radioactivity by
Henri Becquerel a few months later, in 1896, quickly inaugurated a radiation revolution

in medicine. While working with a Crookes tube, a partially evacuated glass tube
through which electrical current was run, Roentgen noticed that a sheet of light-sensitive
barium platino-cyanide paper glowed when the current was on, despite the fact that the

tube was covered with black cardboard. Investigating the phenomenon further, he noted
that while the rays would pass through some substances, such as a thousand page book or

two packs of whist cards, they were blocked by metals and other dense objects, such as

bone. The medical uses or Roentgen rays, or x-rays, were immediately apparent to
Roentgen and practically everyone else who saw the famous picture of x-rays passing
through soft tissue to outline the bones of his hand.
The quick spread of x-rays through the medical and scientific community is
evidenced by the fact that in 1896 fifty books and pamphlets and nearly one thousand

articles were published on the new phenomenon. Crookes tubes were now standard
laboratory equipment and easily obtainable, so Roentgen's x-rays could be immediately

replicated and used by a large portion of the scientific community. Those who did not
already have Crookes tubes were easily able to obtain them. Five months after the

clinician's eye, etc. Discipline is thus used to reflect these fundamental areas of agreement, and for
convenience.
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announcement of Roentgen's discovery, the American Electrician published a series of
articles describing how to make a "Roentgen Ray Outfit" and the General Electric
Company offered Roentgen ray apparatus via its catalog later that year.2
Medical diagnosis relied upon the different amounts of absorption of x-rays by

different body tissues and other materials. Soft tissues of the body, which are composed
mainly of light chemical elements with low atomic numbers, such as hydrogen, carbon,
nitrogen, and oxygen, allowed x-rays relatively free passage through them. Body tissues
containing heavy chemical elements, such as calcium, barium, and many metals have
high absorption rates of x-rays. Thus, physicians were able to examine bone structure for

breaks and fractures, as well as changes in calcium concentration that might indicate a
tumor or other skeletal diseases.3 Physicians were also able to detect bullets and other

metal fragments in the body. Other diagnostic uses of x-rays were also investigated. In
1896, E. P. Davis, the editor of the American Journal of Medical Sciences, reported that

he had obtained an x-ray photograph of a fetal head and suggested that x-rays might be
used to diagnose pregnancies.4

Physicians were also quick to investigate therapeutic uses for x-rays. Dr. L.
Freund, a Vienna physician, was one of the first successfully to use x-rays in therapy
when he removed a child's hairy birthmark near the end of 1986. Other attempts at using
x-rays for therapy included treatment of tuberculosis, ringworm, "enlarged" thymus
glands, and cancer. Some physicians, as well as quacks, also believed that irradiation

might be beneficial in small doses. This belief was based in part on what was known
2Ban Bowers, X-rays: Their Discovery and Applications (London: H.M.S.O., 1970)
Edward Pochin, Nuclear Radiation: Risks and Benefits (Oxford: Clarendon Press, 1983), p. 2.
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about the action of x-rays on living cells. When x-rays passed through matter they
imparted energy that could ionize atoms by stripping electrons from them, as well as

release energy in the form of kinetic energy or chemical activity. The idea that the
absorption of a small amount of energy by the cell might stimulate, or intensify the
activity of the cell, seemed analogous to earlier observations of beneficial stimulating
effects from light and heat.5 Some physicians appealed to the Arndt-Schulz Law for

support for beneficial effects from low levels of radiation. In 1888, Schulz noted that
some chemicals seemed to simulate the growth and respiration of yeast at low doses, but

had inhibitory effects at high levels. This general idea can be traced back to Paracelsus'
concept that "the dose makes the

poison."6

These concepts of beneficial low-dose

effects, or hormesis, fit well within the toxicological concept of a threshold dose below
which no irreparable harm was incurred. This important concept formed the basis of and
rationale for radiation protection standards until after World War IL

Though initially overshadowed by the discovery of x-rays, Henri Becquerel's
discovery of radioactivity in uranium led to further uses of radioactivity in medicine.
Because x-rays emanated from the fluorescing end of the Crookes tube, scientists quickly
began to experiment with substances know to fluoresce after exposure to sunlight to see if

they, too, produced x-rays. One evening, Becquerel left one of the substances that he was

examining, uranium ore, shut in a drawer. The next day, he discovered that a
photographic plate upon which the uranium had been sitting had been exposed, though

"J. Samuel Walker, Permissible Dose: A History of Radiation Protection in the Twentieth Century
(Berkeley, University of California Press, 2000), p. 2.
5Lauriston S. Taylor, Radiation Protection Standards, Cleveland: CRC Press, 1971), p. 12.
Kathren, "Pathway to Paradigm: The Linear Nonthreshold Dose-response Model in Historical
Context," Health Physics, 70:5 (1996), p. 624.

'
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the ore had not been exposed to sunlight. Marie Curie, then a doctoral student looking
for a dissertation topic, asked for and received Becquerel's blessing to further investigate

radioactivity (a term that she and her husband Pierre coined). She and her husband
identified several other radioactive elements including thorium, polonium, and radium.
Although radium was difficult to isolate and initially hard to come by, it became a staple

of cancer therapy because it could be implanted into or near the tumorproviding
intense, localized radiation without damaging the patient's skin or intervening tissues.
Flush with the new diagnostic and therapeutic tools offered by radiation, those
using x-rays and radioactive elements were slow to realize the potential hazards of the

invisible rays. Notes and cases on radiation injury appeared sporadically throughout the
first decades of its medical applications. Most of the cases reported involved very high
levels of exposure. Within 90 days of the publication of Roentgen's paper, Thomas
Edison reported painful eye symptoms after operating a fluoroscope. Also in 1896,
Professor Elihu Thompson intentionally exposed his little finger to intense x-rays for
thirty minutes and, after a symptom-free week, developed redness, swelling, blisters, and

eventually lost the skin. One of the most famous cases, and the first death from x-ray
exposure, was Edison's assistant, Clarence E. Dally, who used his hand to test the output

of fluoroscope tubes that Edison was manufacturing. In 1902, he was diagnosed with a
cancer. He was literally whittled away for two years, gradually losing his fingers, then
his arms to amputation before dying in 1904. Deaths such as Dally's were relatively rare
at the time. Eventually he and others who died from massive exposures in radiation work

Robert W. Miller, "Delayed Effects of External Radiation Exposure: A Brief History," Radiation
Research 144 (1995), p. 161.
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were commemorated in American Martyrs to Science Through the Roentgen Rays8.
Though the martyrs had certainly demonstrated that high and repeated radiation
exposures could cause serious injury, the cases gave no indication that there was not a
threshold for radiation injury.
Some x-ray workers did take the possible detrimental effects of radiation
seriously, even in the absence of obvious clinical symptoms of injury. William Rollins, a
Boston dentist spent considerable time from

1898-1904 investigating

possible hazards of

x-rays and developing measures for protection. In a series of experiments, published in
the Boston Medical and Surgical Journal from 190

1-1902,

he determined that x-rays

could kill guinea pigs and also could kill the fetus in pregnant guinea pigsa particularly
important, though largely unrecognized observation, as x-rays were used for pelvic

exams of pregnant women. His first paper, succinctly titled "X-light Kills," noted that
two guinea pigs exposed to x-rays for two hours a day died on the eight and eleventh days

without any outwardly visible trauma or pathology. Although he was unable to find a
pathologist interested in examining the tissues of the dead animals he held out hope that
"some clear-eyed observer will realize here is a new field where useful original work can
be done."9 Rollins investigations led him to advocate lead casings for x-ray machines,

collimeters to limit the size of the x-ray beam, and other methods of limiting and
controlling the dose. Unfortunately, he was ahead of his time and few heeded his advice.
Others also noted possible latent harmful effects of radiation, such as cancer.

British physician Hector Colwell and physicist Sydney Russ, in their 1915 textbook,
Brown, American Martyrs to Science Through the Roentgen Rays (Baltimore: C.C. Thomas,
1936).
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Radium, X-rays, and the Living Cell, stated that "repeated small doses of soft x-rays,
when applied to human tissues, produce gradual changes therein, which may cause such
tissues to develop malignant features."1° Despite recorded cases that seemed to implicate

radiation with harmful effects, implementation of techniques of x-ray protection was far

from common throughout the 1920s and 1930s and even into the 1940s." Though
physicians recognized the need for some protection, they sought to balance what level of
protection seemed necessary with the practical and economic costs of providing such
protection. Dr. W. S. Laurence, at a meeting of the American Roentgen Ray Society in
1907, stated that "To work without protection is foolhardy and inexcusable, but attempts
at absolute protection have been carried to rather absurd extremes."12 Particularly before

World War I, cancer and blood effects, such as anemia, seemed too rare and odd for
concern. Guarding against acute, observable effects was generally presumed to protect
against deeper, long-term effects as

well.'3

The Beginnings of Radiation Standards
Latent effects began to receive more wide-spread recognition in the 1920s due to
increased use of x-ray equipment during World War I, a rash of reports of deaths of
radiologists, increased use of radioactive elements in industry, and the deaths of radium

9Kathren, "Pathway to Paradigm," p. 623.
'°Kathren, "Pathway to Paradigm, pp. 623-624.
Due to its great expense, its continuous, high radioactivity and the sterile, surgical techniques used in its
application, radium exposure was far better controlled. Ronald L. Kathren and Paul L. Ziemer,
"Introduction: The First Fifty Years of Radiation ProtectionA Brief Sketch," in Health Physics: A
Backward Glance; Thirteen Original Papers on the History of Radiation Protection, Kathern and Ziemer,
eds. (New York: Pergamon Press, 1980), pp. 2-3.
'2Barton Hacker, The Dragon's Tail (Berkeley: University of California Press, 1987), p. 11.
'
Hacker, Dragon's Tail, p. 13; Kathren, 'Pathway to Paradigm," (n. 8), p. 624.
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dial painters. Upon entering the war, the United States Army opened training schools
for radiologists in nine major U. S. cities to meet the wartime demand for battlefield and

hospital x-ray units. At the beginning of the 1920s, newspapers in the United States and
abroad published numerous stories on the deaths of radiologists, many of whom had
served as roentgenologists in the military, from aplastic anemia and other diseases

associated with radiation. This increase in mortality attributed to radiation led to the
development of radiation protection standards. In 1921, the American Roentgen Ray
Society formed one of the first standing committees on x-ray protection. The committee
published general radiation safety recommendations in the July issue of the Journal of the

Roentgen Ray Society. The next year, the British X-Ray and Radium Committee was

founded, also offering broad recommendations for radiation safety. The
recommendations basically said to be cautious and use common sense, with common
sense assuming the existence of a threshold for radiation effects, as for most other agents
that affected organisms.'4

In 1924, Arthur Mutscheller, the chief physicist for Wappler Electric Controller
Company, a New York x-ray equipment manufacturer, proposed the first quantitative

safe dose of radiation, or tolerance level. Mutscheller's proposal was in many ways
characteristic of attempts to decide upon radiation standards throughout the rest of the

prewar era. The standard was a non-binding recommendation set by someone closely
connected to the occupational use of radiation. The standard was a more-or-less
arbitrarily chosen fraction of the radiation dose that produced a clinically detectable
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Hacker, Dragon's Tail, pp. 13-14; Taylor, Radiaton Protection Standards, (n. 7), p. II; Ruth Brecher and
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effect. The standard was based on the assumption of a threshold for radiation damage.
The standard was intended to aid physicians in balancing the practical and economic
costs of protection against a prudent level of risk. Mutscheller presented his definition of
a tolerance dose in his paper, "Physical Standards of Protection Against X-ray Hazards,"
at a meeting of the American Roentgen Ray Society. The dose had no specified numeric

value. Mutscheller simply stated that an operator of radiologic equipment would be
entirely safe if he or she did not receive more than one hundredth of an erythema dose in
a thirty-day period.'5 Mutscheller did not give a numerical value for the erythema dose

because, at the time, there was not one. An erythema dose was defined as the dose of
radiation that would cause visible reddening of the skin. The estimation of the erythema
dose depended on both the physician's eye for skin reddening and how easily a particular

patient's skin reddened. In 1927, as radiation societies became more interested in
determining a numeric value for the dose, a poll was taken among radiotherapists giving
an average erythema dose of 550 roentgens, which was rounded up to 600 roentgens to
take into account backscatter radiation.'6 This dose became the basis for prewar radiation
protection standards.
Mutscheller freely admitted that his recommendation was tentative. He noted that

the standard seemed in accord with presently accepted conditions at x-ray installations.
In deciding upon his tolerance dose, Mutscheller had surveyed what he estimated were
"good" x-ray installations, presumably those that had few, if any cases of injuries to
personnel from radiation exposure. He thought that his safety factor of 1/100 would keep
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Arthur Mutscheller, "Physical Standards of Protection Against X-ray Ilazards,"American Journal of
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operators at or below the levels of exposure received by operators in laboratories and

medical practices that reported few detected radiation injuries. Such an exposure,
Mutscheller stated, would be "entirely safe." In lieu of actually giving an estimated value

for this dose, he provided shielding tables that gave the minimum thickness of a lead

shield required to reduce the unshielded dose to the tolerance dose. Radiologists could
easily calculate the amount of shielding necessary and protect their safety without

burdening themselves with overprotection. Mutscheller dismissed the idea of providing
enough shielding to eliminate additional radiation exposure to the operator or other
bystanders as impractical.

It is, however, obvious that the protective shields and apparatus would
then become entirely too heavy, unwieldy and costly, so that we must deal
with an equilibrium between the amount of protection obtainable and the
weight and cost of the protective shields. Every operator therefore must
be content to receive within a given time, a certain quantity dose of
radiation and it is to be determined, evidently from biological
observations just what that dose shall be to which the average operator can
be exposed without danger to his health.'7
In addition to the impracticality of such heavy shielding, Mutscheller worried that overly

stringent standards might require the operator to be encased in a lead-lined booth. As a
result of being enclosed, he said, "operators would suffer from the lack of air and light
with consequences as grave and serious as those from over-dosing with roentgen

rays."18

Mutscheller' s assertion reflected current medical beliefs that light and fresh air were

necessary for good health. It also touched indirectly on the Arndt-Schultz law and the
threshold concept, as light, a form of radiant energy, was thought to have a simulating,

beneficial affect on health. Mutscheller's paper encapsulated the basics of prewar
17

Taylor, Radiation Protection Standards, p. 65.
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radiation protection and practice. He relied on physicians' evaluations of clinically
detected injury. He applied a safety factor that would keep the operator entirely safe,
below the threshold for injury. He balanced his judgment by weighing the benefits of
radiation protection against the cost of radiation protection.
Mutscheller realized that his suggested tolerance dose was based on limited

evidence. He stated that his standard was "perhaps not sufficiently checked biologically
and so it may happen that in the future this dose will have to be changed to either a larger
or smaller practical tolerance

dose."9

Some evidence already hinted that the current

doses received by radiation workers might not be entirely safe. In 1924, Dr. Russell D.
Carman of the Mayo Clinic summarized evidence that radiologists were being harmed by

the amounts radiation to which they were exposed. In 1927, Dr. Preston M. Hickey,
editor of the American Journal of Roentgenology, sent a questionnaire to American
radiologists at the request of the Sex Conmiittee of the National Research Council.
Nearly thirty-seven percent of the radiologists who replied reported that their marriages
were sterile. The abnormality rate of children born before their fathers took up radiology
was 2.6 per hundred, the abnormality rate of children born after their fathers began their
radiology careers was 4 per hundred. Though the sample size was small (377 radiologists

responded) and the questionnaire method has obvious shortcomings, it seems that
Mutscheller's assumption that current doses were safe was problematic even at the
time.20

Hickey' s survey, carried out the same year that Muller demonstrated x-ray

mutagenesis, revealed a possible correlation between radiation exposure and genetic
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20Brecher, The Rays, p. 407.

damage. Prewar radiation protection committees did not, however, include genetic
considerations when formulating policy.

At the 1928 Second International Congress of Radiology, participants agreed to
form an International Committee on X-Ray and Radium Protection (later changed to the

International Commission on Radiation Protection, or, hereafter, ICRP). Lauriston
Taylor, an employee of the U.S. National Bureau of Standards, was a member of the

newly formed Committee. Taylor would remain a central figure in radiation protection
for the next four decades. Upon his return from the Stockholm Congress, he organized
the first national radiation protection body in the United States. Originally named the
Advisory Committee on X-ray and Radium Protection (later changed to the National
Committee on Radiation Protection, or NCRP), the committee was comprised of
members of the three major U. S. radiological societies, the American Roentgen Ray

Society, the Radiological Society of North America, and the Radium Society. Both the
International and U. S. committees maintained a small, over-lapping membership and

focused almost exclusively on occupational standards. The standards were based on the
threshold concept and clinical observation and were presented solely as

recommendations. In addition to keeping it's own standards voluntary, the NCRP also
actively discouraged any legislation of standards. The committee expressly agreed that it
would "use its influence to prevent the passage of harmful legislation regarding questions

of safety."21 Historian Gilbert Whittemore notes that many committee members regarded
any legislation as harmful.
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Gilbert Whittemeore, The National Conimittee on Radiation Protection, 1928-1960, p. 26.

31

The radiation standards proposed by the ICRP were largely based on the 1922
recommendations of the British X-Ray and Radium Committee, which were nearly

identical to those adopted by the American Roentgen Ray Society in 1921. The
unanimity of standards promulgated by these various committees on radiation protection

proved to be the rule rather than the exception. Over four decades later, near the
beginnings of the nuclear power controversy, the similarity of radiation standards put

forth by various groups was still notable. In part, this may be due to the overlapping
membership of many of the committees on radiation protection. Initially, this overlap
may have been necessary. Lauriston Taylor noted that the three United States
committees involved with radiation protection and measurement "divided up some nine
or ten individuals representing the total number of people in the United States who had

any background or interest in the field." Particularly before World War II, the
community of researchers concerned with radiation protection was quite small.22 Taylor
later recollected that the ICRP membership was purposely kept small to make it less
"unwieldy" than the International Commission on Radiological Units, which had been

formed in 1925. In Taylor's opinion, only five of the twenty people on the radiological
units committee actually knew something about the subject. Both the ICRP and the
NCRP decided to restrict membership to the top experts in radiology.23 The NCRP also,
in Taylor's words, "carefully avoided the question of to whom the Committee might be
advisory. Actually, it felt itself to be responsive to the profession as a whole and clearly
avoided any implied direct responsibility to either the government or to any individual
22
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radiological

society."24

Though lacking any specific advisory function or official

standing, the NCRP became the recognized authority for radiation protection standards in

the United States. Taylor implied that part of the Committee's success stemmed from its
lack of formal standing, contending that "This strategem. . .was successful in that the
committee quickly developed, and has always maintained, a reputation for objectivity
and independence from any particular organization."25 This may well have been true in
the prewar years, when questions about radiation protection were by and large kept
within the community of radiation workers, but eventually the close relationship of the
NCRP with the professional community came into question as radiation became a
concern of the population at large.26
The initial ICRP recommendations, officially adopted at the Stockholm Congress,

remained the foundation for international and U. S. prewar radiation standards. The
ICRP standards were based on Mutscheller's safety factor of 1/100 of an erythema dose.

Like Mutscheller, the ICRP did not assigned a specific figure to this value. They
provided tables (as had Mutscheller) for calculating the thickness of lead shielding
needed for certain voltages used in x-ray production, adjusted to Mutscheller' s tolerance
dose.27

The guidelines still focused on the eye of the clinical practitioner, noting that: "It

should not be possible for a well rested eye of normal acuity to detect in the dark
appreciable fluorescence of a screen placed in the permanent position of the operator."28
23

Taylor, "Reminiscences about the Early Days of Organized Radiation Protection," pp. 112-114; Taylor,
Radiation Protection Standards, p. 15.
24
Taylor, Radiation Protection Standards, p. 17.
25
Taylor, Radiation Protection Standards, p. 17.
26
Boffey, "Radiation Standards: Are the Right People Making Decisions?" pp. 780-781.
27
Taylor, "Reminiscences about the Early Days of Organized Radiation Protection," p. 13; Taylor,
Radiation Protection Standards, p. 15; Hacker, Dragon's Tail, p16-17.
28
Quoted in Hacker, Dragon's Tail, p. 16-17.

33

Despite the standardization of a unit of measurement and the implicit reliance on a
tolerance dose, the ICRP recommendations heavily relied upon the individual judgment
of the radiologist, for example, in determining what "appreciable" fluorescence was as

well as depending on a well-rested individual with good vision. In addition, the screen
was placed in the position of the operator, not the patient, who, with relatively limited
exposure compared to the operator in the long run, would presumably be unharmed if
kept below an erythema dose. No mention of the patient was made in the early 1C1.
reports.29

The NCRP published its first report on radiation standards in May 1931 as

National Bureau of Standards Handbook 15. Though these recommendations had no
legal force, the arrangement between the NCRP and the NBS for publication and the

appearance of the NCRP reports as NBS Handbooks added to the NCRP's air of
authority. The actual report was primarily an expanded version of the 1928 ICRP
recommendations, containing shielding tables and still lacking any explicit mention of

tolerance dose. It did, however, offer the first suggestions on patient protection.3°
In 1934, the NCRP issued its second report as National Bureau of Standards
Handbook 18. This report was notable for two reasons. It was the first attempt to address

radium protection standards and the first report to specifically mention a quantitative
tolerance dose. In a memorandum to the committee, Gioacchino Failla outlined the basis

for the tolerance dose. He believed that as long as any visible physical changes were
limited to a slight reddening and shiny appearance of the skin around the fingernails of
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workers there would be no significant, permanent injury. Failla based this assumption
on the belief that up to a certain dose, the body could maintain an equilibrium between

any slight radiation damage and the repair of that damage. He also appealed to the fact
that there were relatively few reported cases of radiation injury:
Judging from the number of people throughout the world who must have
been exposed since radium has been used extensively, and the small
number of casualties from constitutional effects, one may conclude that
the human body is capable of withstanding considerable amounts of
radiation over a long period of time.31
Based on estimates of dosages received by apparently healthy radiation workers at his
own hospital, Failla concluded that a limit of 1/1000 of an erythema dose (600 r) per

month would be safe. Though accepting Failla's basic assumption, the committee
decided upon a higher tolerance dose. The report recommended that "the safe general
radiation to the whole body is taken as 1/10 roentgens per day for hard x-rays, and may be
used as a guide in radium protection. Five roentgens a day has been taken as the tolerance

for fingers. It must be emphasized that the calculation of radium dosages is not easy, and
too great a reliance is not to be put on the above figures."32 The dose of 0.1 r per day was

the product of a conservative rounding down of the dose suggested by Mutscheller ten

years earlier. Translated into Roentgens, Mutscheller's dose was 0.24 r per day. The
NCRP thought that carrying the dose to the second decimal place looked too precise,

particularly as they were not even certain about the first decimal place. As Taylor
candidly put it, "we did not want to make the numbers look as though we knew what we
were talking about."33 The decision to make specific mention of the tolerance dose was
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reached while the report was in press. The tolerance dose recommendation was added
as a note to the section on Personnel and, according to Launston Taylor, was "overlooked
for quite some

time."34

The tolerance dose was included in the text of the 1936 revision

of the original 1931 report on x-ray protection.

Despite the NCRP's admission of the lack of a strong scientific basis for a
tolerance dose, they apparently believed that the recommended tolerance dose was safe.
Not only was the tolerance dose well below the threshold for visually detectable damage,

but the potential exposed population was small, limited primarily to those working with

x-rays and radioactive elements in the medical and industrial fields. Recommendations
in the report for occupational workers also reflected the scientific concepts underlying the

belief in a threshold. It suggested that radiotechnicians receive six weeks of vacation a
year, four weeks during the summer and two weeks during the winter. They were also
urged to spend as much time as possible outdoors, both on vacation and after work.35 The

extended vacation time would not only reduce their yearly exposure, but also provide the

body time to repair any minor, undetected radiation effects before they reached a

threshold for causing permanent damage. The suggestion that radiotechnicians spend as
much time as possible outdoors supports the idea that the vacations were to allow the
bodies natural repair processes to operate rather than simply limiting overall exposure,
fresh air and light were believed to stimulate overall health.
The next major report of the NCRP, in 1941, provided the starting point for
radiation safety on the Manhattan Project. It was notable both for what it did and did not
include. The report included stronger recommendations for radium protection, as the
Taylor, "Early Days of Radiation Protection," p. 116.
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deaths of radium dial painters had pointed to the long term, carcinogenic effects of

ingested radionuclides. Internal emitters such as radium would become one of the main
perceived hazards of fallout and posed even more difficult scientific problems than

external irradiation. The report did not take into account the possible genetic effects of
radiation. Concern about the genetic effects of radiation would be one of the primary
sparks for the public debate over fallout hazards. Studies on the genetic effects of
radiation also led to a view of possible radiation hazards that stood in stark contrast to the

threshold-based view that was developed in the 1920s and 1930s by physicists and

physicians. The linear hypothesisthat any amount of radiation could cause detrimental
effectshad its origins in the work of the geneticist Herman J. Muller, who in 1927,
experimentally demonstrated that radiation caused germ-line mutations.

Genetics, Queen of the Biological Sciences
It is widely acknowledged that Muller's demonstration of mutation in Drosophila due

to irradiation with x-rays was the watershed event in the development of the linear
hypothesis for radiation

injury.36

However, at the time, geneticists were most interested

in Muller's work on radiation mutagenesis for its application to basic genetics research.

The 1920s and 1930s was the golden age for prewar, or classical, genetics. In many
ways, classical genetics was significantly different from many other biological and
medical sciences, both in its methods and its self-perception. In both these aspects,
genetics was closely tied to the physical sciences, particularly physics. Classical genetics
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developed a biological experimental system, Drosophila, which was suitable for use in
carefully controlled experiments, eliminating much of the troublesome biological

variability that plagued other life sciences. Drosophila genetic experiments were also
amenable to mathematical formulation to a greater degree than most other biological

subjects. Classical genetics also had a strong theoretical and, at times, speculative
aspect.37

Classical geneticists viewed themselves as the vanguard of biological research,

claiming to be the biological heirs of the rigorous experimental methods of the physical

sciences. The relationship, real or perceived, between genetics and the physical sciences
provides insight into how geneticists constructed and used their "linear, cumulative,
deleterious" scientific certainty at the onset of the fallout debate, as well as how their
viewpoint differed from other biological sciences involved in the fallout controversy,
particularly those related to medicine. The scientific style of prewar genetics, particularly

as exemplified by Muller, was an important influence for geneticists' engagement in the
fallout controversy.
Geneticists were not the only scientists to attempt to integrate the experimental

and conceptual approaches of the physical science into their work. Attempts to integrate
the physical sciences with biology go back at least to Helmholtz in the nineteenth century

and the belief that the processes of life could eventually be deduced from the laws of
physics and chemistry. This belief still remained in the early twentieth century. In a 1904

article, American physiologist SJ. Meizer asserted that, "There is nothing in the present
stage of our knowledge discouraging for the hopes of those who believe in the ultimate
'
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solution of the problems of vital [biological] phenomena by the physics and chemistry
of a far-off future."38 That same year Jacques Loeb praised the recognition that inorganic

and organic chemical processes were the same, adding that, "The methods of general
biology must be those of chemistry and especially those of physical chemistry."39
However, the optimism that biology would ultimately be reduced to the laws of chemistry

and physics soon gave way to the complexities and variability of biological material.
While physiochemical studies were still considered important tools for the study of
biological problems, biological organization, encompassing development and

reproduction, was increasingly viewed as an irreducible aspect of the study of life. The
British physiologist J.S. Haldane voiced this view in a 1916 lecture before the Harvey
Society. After outlining advances in the physiochemical study of respiration, nutrition
and other aspects of physiology, he states that: "The idea of life is just the idea of life.
One cannot define it in terms of anything simpler, just as one cannot define mass or

energy in terms of anything simpler.. .Life is a whole which determines its parts. They
exist only as parts of the whole."4° For Haldane, biology needed its own unique
conceptual framework for interpretations beyond the casual conceptions applied to the
inorganic world.
In large part, the importance of mutation for the study of genetics and the eventual

weight it carried with policy issues rested on the concept of the gene itself. The concept
of the "classical" gene, developed in the first part of the twentieth century, became
closely associated with atoms. The gene was conceived of as the fundamental element of
Advances in Cancer Research, George F. Vande Woude and George Klein, eds. (San Diego: Academic
Press, 1994), p. 14.
38
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heredity, just as the atom provided the fundamental unit in the physical sciences. The

gene was, like the atom, basically stablethough not entirely so.
Analogies between biology and the physical sciences were certainly not new,
reaching back at least as far as Julien Offray de La Mettrie's Man, A Machine. Nor were
these analogies one-directional, merely biologists attempting to associate themselves

with the more rigorous scientific disciplines. It was not uncommon for physicists
mapping out the decay series of radioactive elements to refer to the "genetic
relationships" of elements or the "parent of actinium."41 Other analogies between biology

and physics besides that of the gene and atom were mined. At the turn of the century
scientists began to use oil-drop experiments to physically imitate small units of life, such
as amoeba, in order to explain some of their vital

activities.42

A particularly fascinating piece of speculation by F.M. Getzendaner in 1924,
takes the analogy between genes and atoms and expands it beyond the comparison of
fundamental units to an analogy between the formation of elements and the formation of
species. On one hand he postulates that "Certain kinds of genes.. .may have an affinity or

'valence' for certain other kinds of genes or their components with congenital
valence.. .combining with them in definite proportions and varying grouping
combinations having varying degrees of stability, just as we find among the electrons and
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protons in the atoms."43 Getzendaner goes on to compare hybrids with chemical

compounds such as sodium chloride, which does not chemically combine with other

elements or compoundsthus making it sterile, like a hybrid. An organism's response to

its environment is likened to gaseous or liquid states of matterchanges in the state of
matter that nonetheless do not become a permanent characteristic of the element. Finally,

he suggests the possibility of periodic evolution to explain the missing links in the fossil
record:

Thorium X does not disintegrate into the element of next lower atomic
weight and number, but into lead, which is separated from thorium by a
whole period or octave in the scale of elements. When we explore further
into the organizations of the chromosomes and genes, and then study these
organizations in closely related species, we may find the explanation of
why we never recognize the genesis of a species, either in contemporary
life or paleontologywhy there is no connecting gradation between the
species. There may never have been any connecting links."
In a note at the end of his article, Getzendander admits that those who read the manuscript

before publication were unanimous in criticizing several of his implications, such as the

prevalence of gaps between species. Though his paper took the analogous reasoning
between the physical sciences and biology to the extreme, Getzendander' s paper is

indicative of the fertile basis for speculation that emerged from the contemporaneous
discoveries in physics of radioactivity and atomic theory and in biology the rediscovery

of Mendel's laws and the formation of the concept of the gene. A closer examination of
some of the more common analogies between physics and genetics reveals why genetic
concepts became so powerful in broader debates over genetic hazards, as well as

"
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highlighting some differences between the genetic and medical views of the scientific
questions of the fallout debate.

Besides providing a hospitable climate for speculation, though one could still be
considered too speculative, analogies between genetics and physics also served to

strengthen the apparent universal, law-like qualities of genetic theories and facts. E.B.
Wilson's 1923 paper, "The Physical Basis of Life," is rife with this use of analogy. Like
physics, where the existence of subatomic particles and their role in atomic structure was

proven via indirect evidence due to their invisibility to direct observation, it seemed
certain to Wilson that the visible chromosome structure was "no more than the rough
expression of a finer one that lies beyond the reach of the microscope; and fortunately
genetic experiment has here come to the rescue with indirect evidence on a grand
scale."45

This indirect evidence became an accepted and powerful means of proof once a

certain threshold of direct evidence was attained, namely the cytological evidence of the

role of chromosomes in heredity. In a 1904 article, Jacques Loeb criticized the original
formulations of evolution theory, noting how little it relied on direct observation, which
Loeb believed should necessarily form the basis for scientific theories or mathematical

laws. "This rule," he wrote, "was evidently considered superfluous by those writing on
the hypothesis of evolution."46 Loeb went on to praise the work of de Vries who "was

able to show that the hereditary changes of forms, so-called 'mutations,' can be directly
observed," and that "these changes take place in harmony with the idea that for definite
hereditary characteristics, definite determinants, possibly in the form of chemical

'
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compounds, must be present in the sexual

cells."47

Combined with the more indirect

observations of Mendel for the existence of definite, physical hereditary

determinantsindirect evidence which could be formulated mathematically and had
predictive powerde Vries's direct observations were, for Loeb, the first "real" theory of
heredity and evolution.
After his general praise of the arrival of the genetic cavalry, Wilson discussed the

"overwhelming confirmation" of the existence of genes in the chromosomes as linear
arrangements of infinitesimal units that control heredity and form the physical

explanation of Mendel's fundamental law. He stressed that these hereditary units can be
mapped, showing their arrangement in a "definite and invariable serial order!"48 Wilson
asserted that these genetic conclusions are not the product of scientific imagination.
"They are the product of concrete and extended experiments under carefully controlled
conditions; they have made possible precise and quantitative prediction; and the data can

be confirmed by laboratory experiment almost as readily as those with which the

physicist or chemist has to deal. In these respects they are comparable in validity with
many of the concepts of physical

science."49

For Wilson and other students of heredity,

the similarities between physics and genetics rested on far more than a simple analogy
between their fundamental units, the atom and the gene, but on similarities in their

methodsDrosophila bred and selected to eliminate the confounding variability of
biological material, the descriptive and predictive use of mathematics, and the

"
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reproducibility of the experiments. These methods quantified and validated the indirect

observations of the unseen, but increasingly unquestioned, existence of the gene.
Perhaps one of the most seminal documents outlining the perceived connections
between genetics and the physical sciences was Herman J. Muller's 1927 paper,

"Quantitative Methods in Genetic Research." His paper, like Wilson's, was the text of a
speech intended to promote the genetic viewpoint and research methods to the general

community of biological scientists. Muller's paper was originally given to a joint
meeting of the American Society of Naturalists and the American Society of Zoologists

the previous year. The paper was noteworthy because it gave details of the genetic
approach and its similarities to those of the physical sciences, and because it represented
the specific viewpoint of Muller, who was one of the most prominent figures in the debate

over genetic hazards in the fallout debate.
Muller's paper opened with a broadside against traditional biology, perhaps worth

quoting at length for entertainment value alone. However, Muller's rhetoric also reveals
the fundamental differences that geneticists perceived between their research tradition
and those of other fields of biologically-oriented science.

In the old days, and still today, many people enter biology as a refuge
against the rigors of physical science, and as a rendezvous of romance.
Living things are plastic, moving, changeable, full of delightful surprises
and pretty paradoxes, unexpectedly responsive, perhaps unknowably
sentient. Even their chemistry has long been indefinite and empirical.
They have seemed, in practice at least, indeterminate. And so it is
commonly felt that the picture of them painted by the modern geneticist is

just 'too good to be true'or, shall we say, 'too true to be good'that
living things just can not, and, anyway, do not, work with such precision
and automaticity as he claims, and that even if they should, it would not be
in good taste to care to have anything to do with them. ..Now, what has

44

brought genetics to such an enviable, if not covertly envied, position, so
comparable with that of physical science?5°
Muller was obviously attempting to position genetics at the vanguard of biological

research. He opened by associating cunent biologists with those of the "old days,"
sharply contrasting them and the "modem geneticist." Muller believed that different
conceptual and methodological approaches to science made clear the superiority of
genetics, which occupied a position within the scientific hierarchy of disciplines

comparable to that of physics. Muller also made the not-so-subtle point that this
characteristic of genetics gave its claims a higher truth value.

With regard to what had brought genetics to a point of "enviable" comparison
with the physical sciences, Muller contended that a quantitative method involving three

features was responsible. The features were "precise measured observation, controlled
manipulation and creative calculation (using this word in its broadest

sense)."51

By

creative calculation, Muller meant theorizing that was grounded in numerical
[mathematical] interpretations of quantitative data gleaned from the carefully controlled

experiments. He stated that in establishing Mendel's laws, "an analytical and
mathematical mode of procedure, both in the planning of the operations and in the
interpretation of the results" had been necessary and had disclosed laws that were
"somewhat similar to the chemical laws of definite proportions and of multiple
proportions, and which, like them, led to the postulation of unit particles."52 Likewise,
the identification of these unit particles, or genes, with chromosomes relied on figuring
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out the necessary results of chromosome behavior. After giving several other examples

of the fruitfulness of calculation in genetics, he explicitly linked it with a theoretical

approach closely allied with mathematics. "The theoretical work, or 'calculation,'
necessary in diagnosing and then in following up these cases.. .may not employ the
classical symbols and steps of general mathematics, but its processes are of a comparable
type, and the data with which it works must certainly be quantitative."53 By studying the

numerical relations of the data within the context of the numerical relationships
underpinning already known laws, Mendel's 3:1 ratio being the penultimate example, the

geneticist could devise and test hypothesis that would bring him closer to knowledge of
the physical reality underlying the mathematical relationships.
Geneticists in general seem to have been relatively comfortable with a theoretical

and speculative scientific approach to problems because they believed that by virtue of
their experimental methods and material, they had a way of checking their hypotheses in

a manner as rigorous as that of the physical sciences. Even geneticists with a relatively
conservative scientific approach, such as T. H. Morgan, celebrated their ability to

speculate responsibly. Morgan noted that though "ingenious speculation in the complex
biological world has often led nowhere" geneticists should rejoice "that we have at
command additional means of testing whatever original ideas pop into our heads."54
Muller, widely regarded as one of the premiere theoretical geneticists and a visionary,
offered stronger justification for the speculative nature of genetics.55 In a talk before the
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Columbia University Biology Club (ca. 1911-1912), Muller defended the role of
creative theorizing in genetics:

a priori reasoning is a necessary guide to efficient investigations, and
where we discard it we generally make the worse mistake of
unconsciously making baseless a priori assumptions... .And as regards
these objects, the genes, we hope we have indicated that. . .it is necessary
to conjecture freely and fully as to all the possibilities involved, if one
wishes to avoid the paradoxical criticismconsequent upon the missteps
which come inevitably to those who try to reach 'natural' conclusions but

avoid 'unbridled theorizing'that one has actually indulged in wild
speculations.56

Some doubtless thought that Muller was over-speculative. After Muller presented the
paper as a talk before a symposium on variation in Toronto, Henry Fairfield Osborn
congratulated him on his sense of humor for his fanciful suggestions.

Dollar Bills on the SidewalkMuller and Mutation
Muller's demonstration of the mutability of the gene through the action of x-rays
exhibited characteristics of the scientific style of classical genetics he advocated. Muller
had been fascinated with mutation and its parallels to developments in physics for over a

decade before his 1927 discovery. In a 1916 lecture, he made a telling analogy between
recent work in genetics and physics:

The central problem of biological evolution is the nature of mutation, but
hitherto the occurrence of this has been wholly refractory and impossible
to influence by artificial means, although control of it might obviously
place the process of evolution in our hands. Likewise, in physics, one of
the most important problems is that of transmutation of the elements, as
illustrated by radium.. .Mutation and transmutationsthe two keystones
of our rainbow bridges to power!57

56Quoted in Carison, Genes, Radiation, and Society, pp. 62-63.
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Muller decided that mutation would be a fruitful method for uncovering the structure of

the gene and through knowledge of that structure, an understanding of what permitted the

key characteristic of the geneits mutable autocatalysis, or replication. For the most
remarkable feature of the gene seemed to be its ability to change from a highly stable state

and then reproduce that new state in another stable form. Again, Muller drew parallels to

physics and chemistry, noting that changes in molecules had led to knowledge of the

structure of the atoms that composed them ar3kewise, how the atomic changes of
radioactive elements had led to a deeper understanding of atomic structure.
Unfortunately, naturally occurring mutations were uncommon. Muller compared them to

dollar bills on a sidewalk"You were simply fortunate if you found one."58 In this
article, "Variation Due to Change in the Individual Gene," Muller also reaffirmed the
central importance of the gene for organisms. The genes were ultramicroscopic particles
that fundamentally determined the nature of all cell substances, functions and activities,
through which they affected the entire organism.

Muller's attempts to produce mutations began in 1919 when he and Edgar
Altenburg began experiments to alter the mutation rate in Drosophila through

temperature changes. T.H. Morgan and others had tried a wide variety of methods to
induce mutations through artificial means, including exposure to radium, ether,
ultraviolet light, as well as shaking the flies up and down for days at a time.59 In 1914,

Morgan wrote an article reporting his failure to induce mutations with ether. He noted
that though he had been credited with mutants with radium that this was not the case.
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Repetition of the experiment with both x-rays and radium had failed.60 In "Variations,"

Muller discounted all reported findings of induced mutation. Among other reasons, he
believed that some of the apparent increases in mutation rates were actually due to natural

differences in mutation rates between different lines of flies that were not controlled by

proper homogenezation of the stocks. Muller went on to say that such errors in
experimental design could be proved by the theory of "probable error" to possibly be the
result of random sampling among genetic differences originally present in the

stocksagain revealing the importance of pure experimental material and mathematical
analysis in classical genetics.

One of the key reasons for Muller's success in demonstrating induced mutation
was his use of lethal mutations as a tool to detect mutation rates. Reports of abnormal sex

ratios had led him to belief that they were due to sex-linked lethal mutations. If a female
fly had a lethal mutation on one of her sex chromosomes, half her male offspring would

die before maturing. By 1918, several sex-linked lethals had been reported and mapped
and Muller believed that they were the most common

Drosophila

mutations. One of the

major advantages of using lethals, besides their greater frequency, was the unambiguous
result they provided. They left virtually no survivors in certain classes of offspring, so the

personal equation was removed. The experimenter did not have to have a sharp eye to
detect visible mutations.6'
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Choosing to test temperature effects based on the assumption that mutation
involved a chemical reaction, Muller and Altenburg judged their results against J.H. van't

Hoff's Qio measurement of chemical reactions, which stated that a ten degree rise in

temperature would double the rate of a chemical reaction. Their results were consistent
with van't Hoff s law. Muller assumed that the match with the van't Hoff law meant that
the mutations were not due to a physical cause, such as ionization. This assumption
delayed further work on the induction of mutations by radiation for several

years.62

In the interim between his temperature experiments and with studies on mutation
induction by x-rays, Muller further refined his method of detecting mutations. In addition

to mapping more lethals, he developed the C1B stock of flies. These flies had a mutant X

chromosome that contained a crossover suppressor [C] (a large, inverted segment of the

chromosome that prevented crossing overwhen chromosomes exchange genes during
the process of meiosis), a recessive lethal mutation [11, and a dominant Bar-eye mutation

that enabled heterozygous females to be recognized visually. The CIB stock was useful
in genetic studies because it eliminated virtually any ambiguity, even if a pair of flies
produced only a few dozen offspring.63
In late 1926, Muller began his experiments to induce mutations in his C1B stock

with x-rays and was surprised to obtain a 15,000 percent increase of the spontaneous
mutation rate. To establish priority he wrote a short, four-page paper, "The Artificial
Transmutation of the Gene," which appeared in Science, leaving out nearly all
information on his data and methods. The title of the paper, referring to the
62

Carlson, Genes, Radiation, and Society, pp. 111-112.

"transmutation" of the gene rather than the "mutation" was a direct analogy to the
parallels that he had long seen between his work in genetics and that of physicists

working with radioactive elements. In the paper, Muller referred several times to the
theoretical bases for his experiment, noting that "on theoretical grounds" he expected
short-wavelength radiations to produce mutations and also lethals to greatly outnumber
visible mutations.M The theoretical basis for the experiment, the carefully developed
Drosophila

stocks, and the mathematical analysis of the data (the full report of the

experiment was published later in Genetics), all exemplify the research method that
geneticists believed paralleled that of the physical sciences and set them apart from much
of the rest of biology.

Besides proving that ionizing radiation caused genetic mutations, Muller's paper
touched on several other issues about the biological effects of radiation that would be

relevant to the fallout debate. He advocated caution in the use of x-ray therapy for
non-sterilizing treatments, as even after some of the flies recovered from temporary
sterility, the new eggs that they produced still contained considerable mutations. He also
suggested that the production of cancers by x-rays might be related to their mutagenic
effects.65
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proportional to the dose. However, within a few years, numerous experiments
confirmed the proportionality rule.
Muller's discovery of radiation mutagenesis created a public, as well as scientific,

sensation. As related by Carison, "The press dispatched the news around the world.
Man's most precious substance, the hereditary material which he could pass on to his
offspring, was now potentially in his control. X-rays could 'speed up evolution,' if not in
practice, at least in the headlines."67 Muller's discovery was soon incorporated into

popular fiction as well. A 1934 novel based on The Island of Dr. Moreau substituted
actual mutation techniques for vivisection. Perhaps the most direct fictional reference to
Muller's work was the story "The Master of the Genes," which appeared in the pulp
magazine Wonder Stories in 1936: A geneticist working in the Amazonian jungle
recruits two American as bodyguard to protect him from the inhabitants of the jungle
village where he is studying a rash of monstrous, abnormal births. The Americans
discover that he is causing the mutants himself by bombarding the villagers with x-rays.
Eventually one of the Americans confronts the scientist about his gruesome experiment:

In biological books in your library. . .1 read how Muller of the University
of Texas discovered that X-rays would disturb and damage the genes, and
how he produced monsters in that way among fruit flies. I remembered
that huge X-ray machine in your laboratory and saw that you'd been
repeating Muller's experiments with humans !68
66
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Somewhat to the consternation of geneticists, popular interpretations of their
statements regarding radiation hazards during the fallout controversy would also focus on

the production of monstrosities.

Muller's work on induced mutation epitomized many of the characteristics of
prewar genetics. From the early conceptions of hereditary units by Weismann and de
Vries, to the classical conception of the gene articulated in the 1920s and 1930s, the
fundamental nature and stability of these genetic particles were analogously associated

with the atoms and molecules of physics and chemistry. The rediscovery of Mendel's
laws and the development of "purified" biological systems with which to test and extend
them in controlled experiments led to a style of theorizing and research that also seemed
to have close parallels with that of the physical sciences. Developments in atomic theory
and studies of radioactivity offered even more opportunities for analogies between

genetics and physics and chemistry. In a 1922 article, Muller, in describing the nature of
the gene, made the point that it was as stable as a radium atom and had a probability of
decay measured in a few thousand years, and also noted that this was "a fairly familiar
analogy."69

These cross-connections and research methods of genetics served to help

universalize the nature of the gene as it began to evolve into a central biological concept.

These analogies also provided a basis for speculation in a discipline that was already
strongly driven by theoretical considerations. Finally, such analogies provided rhetorical

fodder for the discipline building and expansion that many geneticists of the time
sought. For geneticists, at least, genetics was emerging as the "queen" of the biological

69EVeIyn Fox Keller, The Century of the Gene (Cambridge, MA: Harvard University Press, 2000), pp.
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sciences. Revealing this evangelical characteristic of the discipline, Muller contended
that "Genetics is beginning to knock at the door of general physiology and developmental
mechanics to-day, and, if they do not open it now, they will in time come knocking on the
other side, and instead of genetics finding itself an adjunct of physiology, physiology will

find itself an outgrowth of genetics."7°

The Art of the Whole: Resistance to Genetics
Despite Muller's admonition, physiologists were not yet ready to jump onto the

genetics bandwagon. In general, biological scientists and physicians evinced hue
interest in genetic theories. In large part this seems due to the lack of direct applicability
of genetic theories to biological problems, as well as disbelief in the physical existence of

a gene. In the case of physiology, it had been assumed from the turn of the century that
enzymes played an important part in growth and development and that metabolic

disorders could be related to heredity. In his classic book, Inborn Errors of Metabolism
(1908, 1923), the physician ArchibaldGarrod had associated the inherited metabolic
disease alkaptonuna with the absence of an enzyme that oxidized alkapton, leading to an
over-accumulation of the substance. Garrod also, in consultation with William Bateson,
attempted to examine the transmission of the congenital defect by using Mendehian laws.

However, Garrod never attempted to formulate a theory of gene action and some suggest

that his commonly referred to role as an unrecognized "founding father" of biochemical
genetics amounts to a whiggish rewriting of history.71 Garrod viewed his work as

°
'
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significant in its implications for metabolism and pathology, not genetics. His work

represented part of a shift in the concepts underpinning biochemical workfrom a
concept of metabolism as a simple combustion process to a view of the importance of
specific enzymes in physiological processes.
Although physiologists realized that metabolic disorders could be associated with

heredity, they resisted relating their work to genetics. The American physiologist
Charles Manning Child compared gene theory to long discredited corpuscular inheritance

theories from the second half of the nineteenth century. He felt that, far from advancing
the study of physiology, gene theory was more likely to retard progress. Child wrote that:

It is scarcely necessary to call attention to the fact that these [corpuscular]
theories do not help us in any way to solve any of the fundamental
problems of biology; they merely serve to place these problems beyond
the reach of scientific investigation.. .These theories are nothing more nor
less than translations of the phenomena of life as we know them in terms
of activity of multitudes of invisible hypothetical organisms, and therefore
contribute nothing in the way of real advance. No valid evidence for the
existence of these units exists, but if their existence were to be
demonstrated we might well despair of gaining any actual knowledge of
life.72

T. H. Morgan acknowledged this and other objections to genetic theory in "The Theory of

the Gene." In discussing the unfortunate antagonism toward gene theory he listed several
common objections:

It has been said, for instance, that the factorial interpretation is not
physiological but only 'static' whereas all really scientific explanations
are 'dynamic.' It has been said that since the hypothesis does not deal
with known chemical substances, it has no future before it, that it is merely
a kind of symbolism. It has been said that it is not a real scientific
hypothesis for it merely restates its facts as factors, and then by juggling
with numbers pretends that it has explained something. It has been said

72QUOtJ in Sapp,

p. 36.
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that the organism is a Whole and that to treat it as if it is made up of little pieces
is to miss the entire problem of organization.73

In Morgan's experience, dismissal of gene theory by the general biological community
rested in large part on its reductionism, use of indirect evidence, and use of statistical
analysis.

Morgan's last mentioned objection was one of the physiologists' objections to the
application of genetic theory to physiology. For them, the life of the cell was governed by

the structure of the cell as a whole, not genes or enzymes. Enzymes might control the
speed of chemical reactions, but they were just one aspect of the chemical factory of the
cell. In 1916, A.P. Matthews, a professor of physiological chemistry at the University of
Chicago, described the cell as "a well-ordered chemical factory.. .The orderliness of
chemical reactions is due to the cell structure; and for the phenomena of life to persist in
their entirety that structure must be preserved."74 Not all physiologists completely
dismissed gene/chromosome theory. In the first half of the century, physiologists such as

Jacques Loeb made compromises, allowing for the existence of hereditary determinants
in the cytoplasm and the nucleus, but relegating the effects of chromosomal genes to
controlling traits such as eye color, skin color and sex differences, while the fundamental

features of the organism were controlled by the structural organization of the cytoplasm,
which was passed on through the egg.75 The complexities of organisms and their life

processes made it seem unlikely that the invisible genes could control and guide their
organization.

Morgan, "The Theory of the Gene," American Naturalist, 5 1:609 (1917), P. 513.
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Physicians and medical researchers also had little use for genetics in the prewar

era. Though the 1908 treatise Heredity promised in the introduction that "The new facts

are of especial interest to medical practitioners"the new facts being Weismann's theory

of germ-plasm and Mendelian inheritancethe author, J. Arthur Thompson, had
relatively little to say in his chapter on direct medical applications. Though he listed
conditions that might be inherited and attempted to draw distinction between innate and
acquired disease, he did not show a clear appreciation for Mendel's law of inheritance:
"Variability is one of the fundamental properties of the living organism, and the germ
cells are potential organisms. In their relation to the body, which is their mortal vehicle,
and in their own history, there is ample opportunity for variation to arise, and among

these variations we must rank predisposition to disease. In short, such predispositions
form part of the puzzle of individuality."76 Thompson commended the eugenics
movement for educating the public to a wholesome prejudice against intermarriage
between people who are diagnosed with a hereditary bias for epilepsy and diabetes.
However, what could a physician actually do for a person suffering from such a disease?

The only answer, it seemed, was to let natural selection run its course, or, as Thompson

put it, "Rotten twigs are always falling off the tree of life. There is continual
irrecoverable precipitation of incapables, who thus cease to muddy the

stream."77

The powerlessness of a physician to prevent or treat a hereditary disease gave

physicians little incentive to gain genetic knowledge. James Neel reported that when
Curt Stem conducted a literature search to prepare for a seminar on human genetics, he

76Quoted in Jon Turney and Brian Balmer, "The Genetic Body," in Medicine in the Twentieth Century,
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Turney and Balmer, "The Genetic Body," p. 402.

57

was not able to locate more than two dozen papers dealing with inherited diseases that

treated inheritance with the rigorous approach of experimental genetics. The lack of
quality publiëations on medical genetics went hand in hand with a lack of formalized

genetics education. The first course in medical genetics in the United States was not
taught until 1933 at Ohio State University. The first Medical Department of Genetics was

not created until 1941. In general, there was negligible interaction between genetics and
medicine before World War H.78
The medical sciences had a much closer relationship with physics and chemistry

in the prewar era than genetics. To some degree, this contact came through the
application of the physical sciences to general biology and physiology, as previously
discussed. However, much of this work, including x-ray and electron diffraction studies
of the structure of proteins and other complex biological molecules, ultraviolet and
electron microscopy for studying fine tissue structure and work on the relay of nerve
impulses, etc., had little direct application to medicine at the time. Towards the end of the
prewar period, the development and use of radioisotopes to trace metabolic pathways was

introduced. One of the first cross-disciplinary uses of Ernest 0. Lawrence's cyclotron
was biomedical research, and he used this connection to help secure funding for it.79
In general, those in the medical fields welcomed scientific medicine, which they
viewed as beginning at the turn of the century. In 1902, many medical colleges included
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a physics course in their curriculum, though only three from a sampling survey of
thirty-five included a laboratory course. Laboratory courses were important primarily as
a means to give physicians a greater facility and understanding of the increasing number
of instruments used in medicine, such as thermometers, spectroscopes, spirometers (to
measure lung capacity), and, of course x-ray apparatus.8° This emphasis on
instrumentation parallels the major contributions by physicists to radiotherapy and
radiation protection. Physicists played important roles in improving instrumentation and
developing units of dosage measurement; however physicians still tended to rely on
clinical symptoms, as physical dose units were difficult to apply with great accuracy to
biological material.

Scientific medicine, in large part, was defined by the use of the experimental
method and laboratory studies in conjunction with clinical practice. Though almost all
scientists and medical researchers in the prewar period looked favorably on the
experimental method and laboratory work, like the physiologists and biologists, they
wished to limit its incursion. Rather than directly promoting an idea of a new overarching

concept, such as "organization" under which physical studies must be subsumed, they
emphasized the importance of the clinician's art and the necessity of studying disease

within its environmentthe individual patient. Though the fruits of laboratory research
could provide the clinician with useful tools, "they [did] not constitute his art."
Ultimately, the disease cannot be reproduced outside the individual and so the diagnoses

and therapy depends on the physician's eye. Homer F. Swift of the Rockefeller Institute
for Medical Research noted that "because science can give us only a partial description of
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our universe, art must be ever at hand to supply the deficiency."8' C.F. Hoover made

the case more explicitly. He related the comment that he has heard complaints that
universities wanted "professors of medicine and not guinea-pig professors." He also
cautioned against the use of x-rays for a preliminary diagnosis: "if a physical
examination is made with a Roentgenogram in view, it will so strongly prejudice out
findings

that little will be learned from the examination."82 Despite the increased

use of laboratory experimentation and the scientific method in medical research, those in

the medical fields continued to place importance on the clinician's eye and case studies.
Physicians resisted too great an incursion by the laboratory and by statistical techniques,
such as the double-blind, controlled, clinical trial, which eventually came into
wide-spread use after the World War

83

Differences in the scientific styles of genetics

and medicine came into play in the fallout debate, particularly with regard to the
carcinogenic effects of low-level radiation.

The Cancer Problem
By the time of the fallout controversy, two of the many prewar theories of

carcinogenesis had drawn renewed attentionthe viral hypothesis and the somatic
mutation hypothesis. The somatic mutation hypothesis played an important role in the
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fallout debate. According to the hypothesis, mutations in the genes of somatic cells
were responsible for causing cancer. By the time of the fallout debate, several versions of

the hypothesis existed, often differing in the number of 'hits," or mutations, that were

necessary for tumor development. The hypothesis was closely associated with the linear
hypothesis of radiation damage and, as such, denied the existence of a threshold. Much
of the evidence for the hypothesis was based on studies, both experimental and

epidemiological, of radiation-induced cancer. This radiation carcinogenesis model
became a part of policy with the 1959 Delaney Clause, which banned any amount of a
substance from foods if it was shown to be carcinogenic in animal tests. An examination
of prewar cancer research shows, perhaps unsurprisingly, that researchers' positions on
the validity of the somatic mutation hypothesis reflected different disciplinary influences,

particularly between those associated with genetics and physicians and medical
researchers.

Early in the century, it was generally accepted that heredity played a role in
cancer. Certain people might be more predisposed than others to contract the disease.

However, this was only a predispositionneoplasms certainly were not directly
inherited.84

In 1890, Von Hansemann had noted mitotic irregularities in tumors and

suggested that these irregularities might play a role in cancer causation. In 1914,
Theodore Boveri, a German zoologist, noticed that irregularities in the chromosomes of
sea urchin eggs seemed to be associated with abnormal growth and suggested that

chromosomal changes were responsible for the abnormal and unregulated growth of

cancer cells. Though Boveri's hypothesis attracted some interest, it remained untested.
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The crude state of cytology at the time made it unfeasible critically to appraise the
chromosome composition of normal tissues to serve as a comparison with cancerous

tissue. Though cytologists observed numerous abnormalities in the mitosis of cancer
cells, which suggested chromosomal abnormalities, they were unable to get an accurate
count of the number of chromosomes, much less subject them to more detailed analysis.85

There was other evidence to support the mutation theory of cancer. One was a
general characteristic of cancer. Cancer cells seemed to undergo an irreversible change
from normal to malignant and then continue to reproduce themselves through many

generations. Advances in tumor transplantation also provided a link between genetics
and cancer. Tumor transplantation had been widely used in cancer research since 1903.
Researchers discovered that the viability of transplanted tumors depended on the
biological similarity of the donor and

host.86

E.E. Tyzzer, a pathologist at the Harvard

Medical School, became interested in the hereditary aspects affecting tumor

transplantation. The complex results of his investigations did not fit into any simple
inheritance pattern, so he sought the help of C.C. Little, a graduate student in genetics at

Harvard who was studying the equally complex inheritance of mouse coat colors. Little
was a pioneer in developing pure inbred mouse strains, a method he employed during his
graduate work and suggested to Tyzzer in the study of the genetic factors affecting tumor
84
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transplantation. Little's statistical analysis of the mouse coat colors and tumor data led
him to develop the hypothesis that certain traits were dependent on the presence of more
than one gene.87
Little's experimental methods and conclusions contrasted with those of Maude
Slye, a cancer researcher at the University of Chicago, who sought to demonstrate the

inheritance of a predilection for cancer in mice. A former secondary school psychology
teacher, she was appointed by pathologist H. Gideon Wells to Chicago's Sprague
Institute for Medical Research and in 1911 began her research project. Unlike Little, who

used homogenous, or inbred, strains of mice amenable to the traditional statistical

experimental designs of genetics, Slye conducted a family history-style study of a
heterogenous mouse population. She kept careful records of the ancestry of the mice and
of any spontaneous tumors discovered in post-mortem pathological examinations.

Applying a Mendelian framework to her data, she concluded that the inheritance of
cancer susceptibility was due to a single recessive gene. Her first results were published
in 1914 and were well-received by the medical

community.88

Little quickly attacked Slye's experimental methodology, objecting to her random

breeding and non-statistical experimental design. Slye replied that inbred lines could
lead to biased conclusions, due to the weaker constitutions of inbred mice that could lead
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to early deaths before one could observe cancer. She also stated that she "deplored" the
artificial methods used by Little, which gave rise to laboratory artifacts as opposed to her

own naturally-occurring spontaneous

tumors.89

The debate between Little and Slye

provides an example of some of the differences between the experimental and conceptual

approaches of geneticists and medical researchersLittle's support for genetically pure
material to provide data for rigorous statistical analysis, and Slye's preference for family

history and pathological studies. Also, Little's concern about the positive reaction of the
medical community to her work reveals part of a disciplinary power struggle as
geneticists sought to extend the application of genetics into medical and biological fields.

Though Tyzzer's and Little's work did link cancer (or at least the degree of
susceptibility to it) and genetics, Boven's theory was largely ignored by the medical
community, since other experimental results that his theory could not well account for
soon came to light. In 1915, Yamagiwa and Ishikawa first successfully induced cancer

by spreading coal tar on the ears of rabbits. Shortly thereafter, Tsutsui, one of
Yamagiwa' s students, demonstrated that coal tar also induced cancer on the skin of mice,

a more widely used experimental

animal.9°

This led cancer researchers in the medical

field to emphasize research on chemical carcinogens, which came to dominate the field in

the prewar era. In 1926, the author of one review of theories of carcinogenesis did not
mention Boveri's hypothesis, focusing his discussion on the chronic irritation theory and
the viral theory before concluding that "no theory can be formulated at the present
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time."91

In that same year, a conference of cancer specialists issued a statement,

reprinted in Science, on "The Present State of Scientific Knowledge of Cancer." They
acknowledged that a susceptibility to cancer might be hereditary, but made no mention of

Boven's hypothesis, though the authors did specifically refute the viral hypothesis.92
Support, or even acknowledgement of, Boveri's hypothesis seemed limited
primarily to researchers with a strong genetic background, such as Leonell C. Strong, a

geneticist. In a lengthy 1926 paper, Strong stated:
The genetic constitution of the tumor cell has deviated from the genetic
constitution of the normal cell from which it arose, presumably through
the process of mutation, although the mechanism of change in this case
has not been demonstrated. Thus, it is extremely probable that the
problem of neoplastic tissue is a çroblem of genetics and may eventually
be solved by genetical methods.9

Strong's belief in the mutation hypothesis, as he made clear, did not rest on any

demonstrable mechanism that caused mutation. He based his conclusion on tumor
transplantation studies of the same kind as Little's experiments. Like Little, Strong also
showed a disdain for experiments conducted with "market mice" and found problems
with earlier transplantation studies because: "No investigator trained in the science of
genetics was interested [at that time] in this field of research."94 In general, Strong
asserted the primacy of the experimental methods of genetics and attempted to recast the
problem of carcinogenesis as a problem best solved by genetics.
An exchange of letters in Science at approximately the same time, 1926-1927,
provides a rather pointed and direct example of the lack of impact that Boveri 'S
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hypothesis had on cancer research in the medical fields. Shortly after the 1926 cancer
specialists' conference, Maynard M. Metcalf, a zoologist at Johns Hopkins University
whose main research interest was evolution theory, launched a broadside against the

medical community for ignoring Boveri's hypothesis:
The article in Science for October 1 on "The Present State of Scientific
Knowledge of Cancer" is illuminating as to the state of ignorance by
physicians of the nature of cancer... .so far as I have been able to learn by
extensive inquiry extending over fifteen years, no American physician
knows of these most fundamental studies ever made upon cancer. A
realization of the nature of the disease seems a natural prerequisite to the
most worthy study of its causes and cure... .there is no adequate excuse for
ignorance of this the most illuminating work ever done upon cancer. No
one can study the subject intelligently unless fully cognizant of Boven's
studies.95

Shortly after Metcalf's letter, Francis C. Wood, a pathologist and the editor of the
American Journal of Cancer, penned an equally stinging rejoinder:
[Metcalf] complains rather plaintively that two past-presidents of the
American Medical Association, thirty professors in medical schools,
several prominent surgeons and the head of an important American
institution for cancer research have never heard of Boven's work. This is
indeed a sad situation, but one which should not cause too much
depression in the zoological world. No one would expect past-presidents
of the American Medical Association, able clinicians as they may be, to
burden their minds with a theory like Boven's. They have more important
things to think of, and as for surgeons and professors in medical schools, it
is far better that they should never have heard of it.. . .in professor
Metcalf's own institution, Johns Hopkins, I know of a number of men who
have read Boveri's brochure and relegated it to their shelves.. .Boveri's
hypothesis is one of those completely sterile suggestions which, however
interesting they may be philosophically, permit as yet of no direct
experimental approach.96
Another physician, Albert Schneider, whose research interests were bacteriology,

pharmacology, and public health, published a letter in the same issue, backing Wood's
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position and asserting that Boveri's hypothesis "is largely lost and forgotten in the mass

of later contributions to our knowledge (or perhaps lack of knowledge) of cancer."97 The
lack of a direct method of experimental investigation into mutagenesis, the difficulties
involved in cytological investigations of the chromosomes, and the focus on chemical
carcinogens after Yamagiwa's and Ishikawa's breakthrough in the induction of tumors by

chemical means, all contributed to the marginalization of Boven's hypothesis by
mainstream cancer researchers.

Muller's 1927 discovery that radiation, by then a known carcinogen, also caused

mutations, revived some interest in Boveri's hypothesis. In 1928, the German surgeon
Karl H. Bauer restated Boveri's thesis, emphasizing somatic, rather than germinal
mutations in carcinogenesis, and Boven's book was republished in English the following
year.98

However, throughout the thirties, the mainstream U.S. medical journal, the

Journal of the American Medical Association, made little, if any, mention of genetics as a

cause of cancer, and only occasionally included discussion of hereditary susceptibility to

cancer. The dominant theory of cancer causation in medicine and related fields was the
theory, such as it was, that irritation caused cancer, with irritation broadly defined to
include chemical irritants, physical injuries, and other physical irritants, including such
causes as misaligned teeth in the case of mouth cancer, and a host of others. For example,

there were numerous, though ultimately unsuccessful, attempts to correlate cancer
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incidence with the presence of tuberculosis, presumably on the basis that tuberculosis
irritated the surrounding tissue, causing cancer?
Though many medical researchers may still not have accepted the somatic
mutation hypothesis, by the late 1930s they did at least accord it more recognition than
they had previously, sometimes by simply mentioning that "some students of genetics
appear to be fully convinced that malignant disease in mice is actually dependent entirely
upon genetic factors."10° A notable example came from Francis C. Wood, who had

previously defended physicians' ignorance of Boveri's hypothesis:
The view is gaining ground that the type of tumor is not at all determined
by the genetic constitution of the host, as the geneticists are fond of
stating, but that it is the cell which yields to the irritant by an abnormal
type of growth, a somatic mutation or whatever one chooses to call it; in
other words, the formation of a new race of cells that makes the tumor
what it is.101
Though Wood apparently turned the somatic mutation hypothesis into an attack of the
work of Little, Strong, and other geneticists, he did directly address it. However, he
seemed to think that it was the geneticists' name for something that was probably not
genetic in nature. Even researchers such as Leo Loeb, who had done extensive studies to
show that there is a hereditary predisposition to cancer, still emphasized chronic irritation
as its most probable

cause.102

For example, see: A.A. Thibaudeau, "Simultaneous Occurrence of Malignant Disorders and
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Predictably, the renewed interest in the somatic mutation hypothesis was most
positive and widespread among researchers with a previous interest in genetics.

However, such interest was far from uniform. Some came out strongly in favor of the
hypothesis. Donald F. Jones, a geneticist at the Connecticut Agricultural Experiment
Station and research fellow at the California Institute of Technology, couched his support

in the language of classical genetics and grounding it in well established genetic
principles such as crossing-over and non-disjunction. Others, such as John Gowen, a
zoologist in the Department of Pathology at the Rockefeller Institute of Medical
Research, gave qualified support for the hypothesis based on pathological examinations

of Drosphila from a classically designed experiment. Qualified support also came from
Wilhelmina Dunning, a pathologist and also a member of the Genetics Society; Maynie
Rose Curtis, a biologist with research interests in cancer and the physiology of
reproduction; and Frederick Bullock, a pathologist who specialized in the experimental
production of tumors. They interpreted a pedigree-bred experiment, much like Slye's, as
showing that, at least when there is an inherited susceptibility for a type of cancer, the
initial cell change that initiates the cancer is caused by a process "analogous" to somatic
mutation.103

Though not involved in cancer research, Hermann Muller also continued to

promote the somatic mutation hypothesis. At a 1937 interdisciplinary conference in Paris

that included biologists, chemists, and physicists, he gave a paper calling for increased
study of the relationship between genetic mutation and carcinogenesis: "it is but a logical

103Donald F. Jones, "Atypical Growth," American Naturalist, 70:726 (1936), pp. 86-92; John W. Gowen,
"Genetic Non-Disjunction Forms in Drosophila," American Naturalist, 65 :698 (1931), pp. 193-2 13; M.R.
Curtis, W.F. Dunning, and F.D. Bullock, "Is Malignancy Due to a Process Analogous to Somatic
Mutation?" Science, 77:1989 (1933), pp. 175-176.
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step," Muller declared, "to conclude that carcinomas, sarcomas, and leukemias arising
after irradiation represent mutations induced by the latter."°4
Shortly after the Paris conference, Muller took a position at the Institute of

Animal Genetics in Edinburgh. The director of the Institute, F.A.E. Crew, introduced
him Charlotte Auerbach, a research associate at the Institute who had been using
development as a means to study the nature of the gene. Muller convinced her that
mutagenesis was a more fruitful subject, and suggested that she might explore the

possibility of chemical mutagenesis, which despite many efforts, had not yet been
successfully demonstrated. Auerbach accepted the challenge, and with the
pharmacologist J.M. Robson, began a series of experiments to induce mutations in
Drosophila

with mustard

gas.'°5

In spring of 1941, Auerbach wrote Muller of their

success, noting that they had gotten "heaps of lethals" (she had used Muller's CIB method

of detection). Due to wartime censorship, particularly given that mustard gas was a war
gas, the publication of Auerbach's and Robson's results were delayed until 1946.
Though their experiments had been the first to come to fruition, by the time wartime
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censorship lifted, several other investigators also reported success in obtaining
chemically induced mutations.106
The discovery of chemical mutagenesis strengthened the somatic mutation

hypothesis. One of the major problems with the hypothesis had been the inability to
demonstrate that chemicals could cause mutations, while numerous chemicals had

already proved to be carcinogenic. However, obstacles still remained. It was still not
apparent and certainly not proven that all carcinogenic chemicals were mutagenic, and
some of the chemicals seemed to be only weak mutagens.'°7
Despite the reluctance of many physicians and pathologists to embrace the
somatic mutation hypothesis, genetics was increasingly accepted in cancer research. In
1937, the National Advisory Cancer Council of the American Society for Cancer Control

(ASCC), of which C.C. Little and Francis C. Wood were members, recommended the
initiation of a limited fellowship program; 43 fellows were supported from 1938-1946,

including some in genetics. In 1945, the American Cancer Society (ACS, the renamed
ASCC) formed the Committee on Growth. Due largely to the fundraising efforts of Mary

Lasker, the Committee on Growth supplied over $600,000 in grants for cancer research,
including grants for research into human and experimental

genetics.108

A Newsweek

article on the Committee on Growth included a subsection titled "The Riddle of the
Gene" and mentioned the possible role of genetic factors more prominently than any
other cause:
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The secret of this perversion from normal to cancerous growth may be either in
the cell nucleus (core) or the cell substance.. .Several research projects are
studying the characteristics and composition of cells in both plants and
animals and even in microbes, with particular emphasis on mutations, or
changes. The next move will be to probe the riddle of the gene
(heredity-bearing factor) mutation, which is thought to have a direct
bearing on cancer.109

Though genetics had gained a strong foothold in mainstream cancer research by the late
1940s, there had also been a resurgence of interest in the viral theory, primarily due to the

work of John J. Bittner, who, in the late 1930s, had discovered that a factor in the

mother's milk of mice influenced cancer rates. Working at the Jackson Laboratory,
Biuner kept this influence within the terminology of respectable genetics by referring to it

a the "milk factor." However, by the late 1940s, it was generally considered to be a
virus.110

Despite increased consideration of the somatic mutation hypothesis, prewar

divisions between genetic and medical researchers over the likelihood of the hypothesis
persisted throughout the fallout controversy.
The disciplinary differences between genetics and medicine, particularly with
regard to their uses of radiation and evaluations of radiation effects, influenced how

geneticists and physicians engaged in the fallout controversy. Geneticists believed that
they had too long been ignored, not only by biology and medicine, but also by

policy-making bodies. In the last update of the NCRP's radiation protection standards
before the war, in 1941, the Committee had considered lowering the tolerance dose in

light of Muller's experimental work. However, a physicist turned radiation therapist,
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Failla, persuaded the committee to ignore genetic effects in setting the tolerance dose
based on the uncertainty that he saw in extrapolating from fruit flies to humans, the

remoteness of future genetic injury, and the lackof a threshold for possible injury.
Medical and industrial uses demanded a threshold, since it was practically impossible to

receive zero exposure in these occupations. The Committee noted the possibility of
genetic effects, but ignored them when setting a tolerance dose.11' Muller, in particular,
became increasing incensed that genetic concerns were paid too little heed by

policy-making bodies. He would be instrumental in making genetic effects the first
public issue about fallout hazards.

Whittemore, NCRP, pp. 135-172.
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Atomic Age Genetics
The decision to build the atomic bomb ushered in the Atomic Age. The scientists
associated with the Manhattan Project realized that the scientific and technological
advances necessary to produce atomic weapons would also provide the basis for the
development of atomic energy reactors and the widespread distribution of radioisotopes

for medical research. Those planning the Project realized that there would be a vast
increase in the number of people occupationally exposed to radiation, both during the

Project and afterwards. Arthur Compton, the director of the Metallurgical Laboratory,
created a Health Division to provide a firmer basis for radiation protection. Scientists
from other agencies and universities were also recruited to carry out classified studies on
the biological effects of radiation. After the war, both the Manhattan Engineering District
(MED) and its successor, the AEC, continued to support research on the biological effects

of radiation at the National Laboratories, as well as providing research grants for
academic scientists. Though a civilian agency, the AEC carried over much of the culture

of secrecy of the Manhattan Project. Much of the biomedical research carried out under
MED and AEC auspices remained classified in the immediate postwar years. Although
by the late 1940s and early 1950s, the ABC began to loosen some declassification
restrictions, the agency still sought to avoid public discussion of radiation effects as much

as possible, particularly discussion of genetic effects.

Despite its reluctance to discuss genetic effects, the AEC increased funding for
studies of the genetic effects of radiation from the low level of support that they received

during the Manhattan Project. The ABC also added a geneticist to its staff. Though
geneticists welcomed the attention given genetics, they often disagreed with the ABC's
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policy of publicly minimizing or discounting the possibility genetic damage from
radiation. The AEC staff geneticists in the late 1 940s and early 1 950s fought to ensure

that what the AEC and the military did publish on genetic effects accurately reflected
geneticists' opinions. Most public discussion of genetics during this time period centered
on the repression of geneticists in the Soviet Union; however, the publication of a
popularized account of the genetic effects of radiation forced both geneticists and the

AEC to grapple with how, or if, such effects should be publicly discussed. The
fundamental questions of the fallout controversy--Was there a threshold for significant
biological effects from low-level radiation and how should a responsible scientist act in a

public scientific debate?originated in the immediate postwar period.

Radiation Biology and the Manhattan Project
From the inception of the Manhattan Project in January 1942, Arthur Compton, a
physicist and the director of the Metallurgical Laboratory at the University of Chicago
where the initial work towards building an atomic bomb began, was concerned about the

health aspects of the project. Cyclotron research had already provided some scientists
with experience in dealing with radionuclides in small amounts. However, the proposed
atomic pile reactor would produce known and previously unknown radioactive elements
and isotopes in quantities far greater than anyone had previously encountered. To protect

the safety of the project scientists and, ultimately the workers at the production plants,

Compton decided to form a Health Division. The director of the division was Robert S.
Stone, a physician and radiologist who had worked at Lawrence's Radiation Laboratory
at the University of California, Berkeley, and was at the forefront of the medical use of
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radiation and isotopes.' The purpose of the Health Division was threefold: worker
safety, protection against any public hazards that might arise from the project, and
determining the biological hazards of radiation to provide a stronger scientific basis for
tolerance standards and possible treatments for radiation injury. The Health Division was

organized into four sections: the Medical Section, the Health Physics Section, the

Biological research Section, and the Military Section. The Military Section was
short-lived. Originally formed to investigate the possibilities of radiological warfare, it
was soon taken over by the army.2

The Medical Section oversaw the health of project personnel, providing routine
health care as well as monitoring personnel for any signs of damage from radiation or

toxic chemicals. The Health Physics Section monitored radiation levels, interpreted the
data from monitoring and laboratory experiments in terms of possible occupational health

hazards, and developed radiation protection measures. The Biology Section, primarily
through animal experimentation, attempted to check the biological assumptions that
underlay the maximum permissible exposure standards and ascertain the health risks of

many of the new radioactive elements and isotopesparticularly plutonium, which was
feared might pose a greater hazard than radium.3 Aside from the studies of Evans and
Martland on the radium dial painters, little research had been done on the effects of
ingested radioactive elements, one of the risks posed by plutonium, and various studies
were conducted on the subject to determine their rate of retention, how they were

'Hacker, Dragon's Tail, pp. 28-30
2Robert S. Stone, "General Introduction to Reports on Medicine, Health Physics, and Biology" in
Industrial Medicine on the Plutonium Project, Robert 5, Stone, ed. (New York: McGraw-Hill Book
Company, Inc., 1951), pp. 1-16, pp. 2-4
Hacker, Dragon's Tail, pp. 28, 62-63; Stone, "General Introduction," pp. 3-4.
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metabolized, and the possible injurious effects they might cause.4 Internal emitters,
particularly strontium-90, would in time become one of the most widely publicized
hazards of fallout.

The vast majority of research carried out by the Health Division was applied and
dealt with the acute effects of radiation exposure.5 Long-term studies of the effects of
chronic, low-level radiation exposure were limited. Some members of the Health
Division, particularly Stone, pressed for expanded research into chronic effects and basic

research into how radiation affected living systems. In 1943, Stone oversaw preparation
of a Health Division report that asked for a marked expansion of biological research to
include more fundamental and chronic studies. Though technically approved, additional
funding for such an expansion was never provided. Wartime priorities demanded a focus
on short-term research that could be directly applied to problems involved in building the
bomb. Stafford Warren, the head of the MED Medical Office and Chief Medical Advisor
to General Leslie R. Groves, who oversaw the Manhattan Project, stated that the MED "is

charged with conducting operations which will be valuable in the present war effort. . . all
accessory and auxiliary functions should be directed and oriented so that they are in direct

support of this premise."6

Despite the resistance to long-term or fundamental research, a few studies of the
chronic effects of radiation were carried out with MED support. In 1942, Stone arranged
MED funding for physician Egon Lorenz and his co-workers at the National Cancer
Institute to expand their studies of the effects of chronic, relatively low-level exposure of
4Hacker, Dragon's Tail, p. 43; Stone, "General Introduction," pp. 4, 8-9; Timothy Lenoir and Marguerite
Hays, "The Manhattan Project for Biomedicine," in Controlling Our Destinies, Phillip R. Sloan, ed., pp.
29-62, PP. 32-33.
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mice, guinea pigs, and rabbits to gamma rays. Lorenz and his colleagues exposed the
animals to doses ranging from 0.11 to 8.8 roentgens per day and noted a life-shortening
effect, as the irradiated animals did not survive as long as the control group. They also
noted that in mice, doses as low as 4.4 roentgens increased leukemia incidence and that

leukemia appeared at an earlier age. At the University of Rochester, one of the primary
sites for MED biological research, Andrew Dowdy and his colleagues exposed rats,
rabbits, and dogs to doses of x-rays ranging from 0.1 roentgen to 10 roentgens per day.
They also noted a life-shortening effect and many of the animals exposed at 10 roentgens

died during the experiment. No leukemia developed in the control rats at Rochester. The
irradiated rats developed leukemia at all levels of exposure, with the incidence of
leukemia increasing in proportion to the dose. The apparent linear relationship between
leukemia incidence and radiation exposure would be one of the most hotly debated issues
of the fallout controversy. Lorenz and his colleagues also contended that mice exposed to

0.11 and 1.1 roentgens per day had suffered no chromosome injurya conclusion based
solely of the facts that the next five to six generations bore normal-size litters and had
apparently normal life spans.7 The conclusions of Lorenz's group, who were not
geneticists, would often be cited by other non-geneticists as evidence genetic damage
from fallout would be insignificant.

Hacker, Dragon's Tail, p. 39.
Quoted in Hacker, Dragon's Tail, p. 51.
7Hacker, Dragon's Tail, pp. 42-43; Taylor, Radiation Protection Standards, p. 21; Robert S. Stone, "The
Concept of a Maximum Permissible Exposure," Radiology, 58:5 (1952), pp. 639-660, pp. 645-646,651,
655.
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In keeping with the MED's emphasis on research on the short-term, acute
effects of radiation, much attention was paid to short-term reproductive effects, such as
sterility.8

However, the possibility of inherited genetic defects was not entirely ignored.

In a 13 March 1945 letter to Hymer Friedell, the liason between the Health Division and
the MED, Stone passed on the concern of James J. Nickson, of the Medical Section, about

the possibility of genetic damage from the ingestion or inhalation of radioactive

materials. Nickson had noted that several of the radium dial painters had had children
and wanted the question referred to Friedell, whose office had investigated the radium
dial painter material.9
Two chronic radiation experiments regarding genetic effects were carried out at
the University of Rochester under the auspices of the MED. both at the University of

Rochester. Geneticist Donald R. Charles, in conjunction with zoologist Arnold
Grobman, exposed mice to doses of x-rays ranging from 0.1 to 10 roentgens. Charles
detected a one percent increase in mutations in the sperm per cumulative 100 roentgen
dose.1°

Later, Charles and Grobman would publish quite different accounts of their

results. Also at Rochester, Geneticists Curt Stern, Ernst Caspari, and Warren Spencer
conducted experiments on Drosophila, exposing the flies to 2.5 roentgens of gamma rays

per day. Stern and Caspari initially detected no significant difference in the mutation
rates on the controls and the irradiated flies, though later they corrected for experimental

8
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errors and got a statistically significant difference." Ultimately, Stem would conclude
that: "Viewing all experiments together, it appears that irradiation at low dosages,
administered at low intensity, induces mutations in Drosophila sperm. There is no
threshold below which radiation fails to induce mutations."2 Not published until 1948
due to long delays in declassifying war-related work, the study by Stem and his
colleagues was the first widely recognized confirmation of linearity at low doses of

radiation; however, Stem's experiments were not the first confirmation of the linear
relationship in the low dose range.
At the outset of the MED Drosophila genetics experiments, Muller apprised Stem
that a student of Muller's, S. P. Ray-Chaudhun, had already carried out a similar low dose

experiment. Muller urged Stem to provide confirmation of Ray-Chaudhuri's results,
particularly as he did not think the work of an unknown Indian geneticist would carry
much weight with the medical community, which he still sought to educate about genetic
injury. Muller acted as a consultant to Stem and provided him with a special stock of flies

that had a low natural mutation rate. Mullet had only recently developed the stock for a

new experiment and had hoped that it would have a high natural mutation rate. His
misfortune proved to be to Stem's

benefit.'3

Muller was quite security conscious about

Several scientists involved in the MED Health Division have noted that the work carried out was often
"quick and dirty" to arrive at estimates in the needed time period. Herbert Parker, a health physicist at the
Hanford Works, later noted that he did not like papers he had written during that time period attributed to
him because they "were published during the stressful war period [and] were not given the care and
attention in checking that you would for conventional publication." Delta E. Uphoff, Curt Stem, "The
Genetic Effects of Low Intensity Irradiation," Science, 109:2842 (1948), pp. 609-610; Interview with
Hymer Fnedell by Newell Stannard, 27 May 1981, CIC, document no. NV07028 14, p. 21; Interview with
Herbert Parker by Newell Stannard, CIC, document no. NV0702785.
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the war-work, but both he a Stem were quite disappointed that the results of the
experiments remained classified after the war.14 "Personally," Stem confided to Muller,
"I am very unhappy about the present withholding of information which obviously is of
no military value, but there is nothing we can do just now."15 Stem received permission
to publish his results in 1948; however, though the official published retrospective of the

MED biomedical research included Stem's reports on the experiments, it omitted any
mention of his experiments in the section on permissible dose. The author of the section,
Simon T. Cantril, mentioned only the genetic aspects of Lorenz's low dose experiments,
noting that there was no evidence of "mutations or evidence of genetic change with

exposures up to 8.8 r per day in many generations of mice."6 However, Lorenz's
experiments were not designed primarily to detect genetic effects. Cantril's incomplete
description of the MED genetics work implied the possibility that there might be a

threshold for genetic injury. By the time the retrospective was published, in 1954, the
minimization of genetic effects was characteristic of the AEC's information policies.
The various interpretations and descriptions of the Manhattan Project genetics
experiments clearly show the influence of disciplinary backgrounds of the scientists. The

School to Stern, 7 December 1943, American Philosophical Society Library, Stern Papers, correspondence,
box MEN-MULLER, folder Muller, H.J. #4.
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results of Stem's initial experiment failed to support the linear hypothesis for genetic
injury. Assuming that something must have been wrong with the experiment, he
eventually identified experimental errors which, when corrected for, supported linearity.
Both Lorenz and Cantril interpreted selected evidence as suggesting a possible threshold
for genetic injury, with Cantril omitting any mention of Stem's contradicting experiment.

Though the physicians and scientists responsible for radiation safety for the
Manhattan Project generally assumed a threshold for radiation injury, the unprecedented
scope of possible radiation exposure led some to emphasize the desirability of keeping

radiation exposure to a minimum. The "General Rules and Procedures Concerning
Activity Hazards" guidelines for the Project noted: "The lowest possible daily total
exposure should be striven for in every operation."17 Stone was particularly concerned
about plutonium and recommended: "The only safe procedure is to see that none of it is
inhaled or ingested."18 Others in the project shared Stones' strong emphasis on health and

safety even in the face of wartime pressures. Herbert Parker, the chief of the Health
Physics Section, recalled that, with the backing of Dupont, he had stalled the progress of
the plutonium works at Hanford for a month, much to the displeasure of General Groves.

When planning for safety at Hanford, Parker and the others involved had only calculated
the inhalation hazard from the radioactive iodine that would be released into the
atmosphere when the "slugs." or fuel elements were dissolved. However, once the actual
operation began, they discovered that much of the iodine "plated out" or was deposited on

the vegetation, etc., on the ground, creating a new hazard. The only solution at the time,

17

jj Nickson, "Protective Measures for Personnel," in Industrial Medicine on the Plutonium Project, pp.
75-112, p. 95.
18
Stone, "General Introduction," p. 9.

82

lacking "scrubbers" to absorb the iodine, was to allow more cooling time for the fuel in

order to diminish the amount of radioactive iodine, which has a half life of eight days.'9

Not everyone on the Project agreed with Stone's cautious approach. Both
Stafford Warren and Friedell contended that wartime conditions demanded a reasonable,

but not unduly cautious, approach to radiation risks. Warren did not believe that special
standards beyond those already normally used in industry should not be adopted unless
there was clear-cut scientific proof that they constituted a significant health hazard.

Friedell warned of setting plutonium standards too low. Not only might that cause
unnecessary fear, it "might impede the production program" which was "not compatible
with the overall urgency of the Manhattan District operation."2° In a later interview,
Friedell said that "we used these criteria [maximum permissible levels], but we

also.. . really didn't assiduously cleave to those strict limits because we felt to invoke
strict hazards [control] in war-time just didn't make sense..

,,21

The wartime circumstances that Warren and Friedell factored into their decisions
on how to apply radiation protection standards did not disappear at the end of World War

II. The Cold War with the Soviet Union quickly took its place, and issues of national
security remained paramount in the minds of many. Greatly expanded use of radioactive
materials in industry, medicine, and weapons production and testing exposed a larger

segment of the population to radiation. In an increasingly radioactive world, scientists
and the public alike began to pay more attention was paid to possible radiation hazards.
These issues continued to influence interpretations of radiation standards and the science
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that underlay them. The Manhauan Project's successor, the AEC, was particularly
vexed by both these issues. The Commission had the dual responsibility of both the

promotion and regulation of atomic energy. The concern expressed by Muller that the
MED was slow to release information that should not have been classified spread

throughout the controversy. Eventually, suspicions about the candor of the AEC
regarding the significance of radiation hazards would eventually drive many scientists to

publicly dispute the agency's claims. The seeds of the AEC' s information policies
regarding fallout, which contributed to these tensions, were sown in the late 1940s.

Security and Secrecy
After the end of the war, General Groves grudgingly continued some funding for

the MED laboratories in order to protect the government's investment into atomic
research and provide necessary support for weapons tests, while Congress battled over
the formation of a successor agency to the MED.22 In October 1945, the MED created a

new Research Division and separated research from production. The new division was
part of an effort to create a research environment that might help to stem the mass exodus

of scientists at the end of the war. Though the postwar demobilization naturally entailed
some reduction in staff, scientists left at an even greater rate, creating personnel shortages

that would last throughout the 1940s. At Los Alamos, the recruiting director complained
that "our best recruiting efforts have not offset the general exodus of staff members."23

Biomedicine, in particular, was a difficult field for the AEC to recruit scientists. In its
22
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sixth semiannual report to Congress, the AEC noted that there were desperately few
scientists competent to conducted research in the biological effects of radiation.
Compounding the difficulties, many scientists preferred an academic environment, or

even an industrial one, to working in government laboratories. In a 1948 survey, over
half the scientists polled preferred academia, approximately one third industrial
laboratories, and a mere eleven percent government

laboratories.24

Scientists' preference for even industrial positions over government jobs may
have stemmed in part from the growing Cold War culture that emphasized secrecy and
security, particularly with regard to atomic research. Scientists' efforts to push for
international and civilian control of atomic energy led to friction with the government, as

the ideals of democracy and free exchange of information that they saw science to
embody clashed with the concerns of the emerging Cold War state.25 With the success of

the Manhattan project, physicists (and scientists in related fields) were seen as an

important asset for national security and acquired newfound stature. However, this
proved to be a double-edged sword. Their importance to national security led to
increased scrutiny of their political leanings and associations. Many scientists had
difficulties in obtaining security clearances, despite their previous scientific work

supporting the war effort. For example, E.U. Condon, a politically liberal scientist who
was outspoken in favor of internationalism and openness in atomic research, suffered
numerous loyalty investigations throughout the late 1940s and 1950s, and eventually
resigning his post at the National Bureau of Standards because of the scrutiny. The public
23Westwick, "The National Laboratory System in the U. S.," p. 50.
Westwick, "The National Laboratory System in the U. 5.," pp. 10 1-105.
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controversy over the Condon case and growing numbers of reports of other scientists
being denied clearance, created an atmosphere of concern and fear in the scientific
community.26

By the late 1940s, under provisions of the 1947 federal loyalty program,

scientists serving on government advisory panels and applicants for government research

grants were required to have loyalty clearance. In 1949, recipients of AEC fellowships
were subject to FBI loyalty investigations, even if their research was unclassified.27
Oak Ridge National Laboratory (ORNL), which would become one of the major
centers of AEC research into the biological effects of radiation (particularly with regard
to genetics) was hard hit by the security investigations. In July 1947, reports appeared in

the press that documents relating to the atomic bomb project were missing. Though
likely they had simply been misplaced in the vast number of documents generated by the

project, scientists at Oak Ridge became the focus of increased scrutiny. Within a month
of the reports of missing documents, two chemists at Oak Ridge were suspended for
security reasons.28 By August, two more Oak Ridge scientists had been suspended and

an additional two were notified that their security status was under investigation. In all,
there were at least 31 security cases investigated at Oak Ridge from 1947-1948 and one

third of the senior physicists and chemists resigned. It is not entirely clear that all

resigned due to security issuesthe isolation of the laboratory and the general preference
of many scientists for academic positions may also have been factors.29

25
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The M.I.T. Press, 1965).
26
Jessica Wang, American Science in an Age of Anxiety (Chapel Hill, NC: The University of North
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27Wang, American Science in an Age of Anxiety, p. 279.
28
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29Wang, American Science in an Age of Anxiety, pp. 168-179.

86

Nonetheless, morale at Oak Ridge suffered and some scientists seemed to take

the problems with security clearances into account when considering jobs there. In a 9
January 1948 telephone conversation between Joe W. Howland, a Scientist at the atomic

energy project at the University of Rochester, and Albert H. Holland, a Medical Advisor

at Oak Ridge, Holland noted that the situation at Oak Ridge "has been quite a mess. A

great deal of dissatisfaction, people quitting and that sort of thingor wanting to."3°
On 16 January 1948, Cornelius A. Tobias, a scientist in the Medical Physics Division at
Berkeley, wrote to Alexander Hollaender, the Director of Biology and Medicine at Oak

Ridge, regarding the possibility of accepting a job there: "Allow me, however, to
postpone the application for a position with you until the general situation of future
research at Oak Ridge and Berkeley is somewhat clarified. I should be interested to know

any major changes that may occur in the policy of the Atomic Energy Commission."3'
Though most of the scientists involved in the security cases were physical scientists, the
general atmosphere at Oak Ridge caused concern among the scientists involved in
biology and medicine as well.

In addition to questions of loyalty, security issues raised other concerns for

scientists both inside and outside the AECfNational Laboratory system. Scientists at the
National Laboratories were frequently frustrated by the AEC' s declassification process
and resulting difficulties in publishing their work in the open literature. Scientists outside

the AEC eventually grew to distrust the AEC's information policy and harbored
suspicions that it was less than forthcoming in disseminating information relevant to
30

of telephone conversation between Joe W. Howland and Albert H. Holland, 9 January
1948, CIC, document no. NV072 1350.
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fallout, in particular.32 The AEC declassification review process quickly developed a

backlog, as each paper was reviewed on a case by case bases, rather than there being

broader subject areas that could be considered unclassified. From November 1947 to
November 1948, eighty-two percent of laboratory reports were judged unpublishable. Of
the eighty-six research reports related to health and biology research during that time
period, only twenty were given unclassified status.33
Quite often, the reason for denying classification, particularly in research related

to biology and medicine, had nothing to do with security-classified information. Rather,
declassification was denied by the AEC review board to avoid criticism. Any
experiments that involved research with human subjects was classified as secret because
"it might result in adverse publicity and even encourage litigation."34 In plea for
consistent declassification criteria, J.C. Franklin, the manager of the Oak Ridge
Operations wrote:

Declassification of medical and biological documents has become a
considerable task. All researchers are anxious to have their work appear
in journals as soon as possible.. .However, there are a large number of
papers which do not violate security, but do cause considerable concern to
the Atomic Energy Conmiission Insurance Branch and may well
compromise the public [illegible] and best interests of the Commission.
Papers referring to levels of soil and water contamination surrounding
Atomic Energy Commission installations, idle speculation on the future
genetic effects of radiation and papers dealing with potential hazards to
employees are definitely prejudicial to the best interests of the
31

Letter from Cornelius A. Tobias to Alexander Hollaender, 16 January 1948, University of Tennessee
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Commission.. .A similar problem arises in the declassification of medical
papers on human administration experiments done to date."35
Sometimes improper phrasing or the mere mention of a possible hazard was enough to

delay declassification. The AEC declassification officer who reviewed the November
1946-January 1947 Quarterly Report of the Argonne National returned this comment:

In this Quarterly Report I find nothing which would compromise security
in any way or which cannot be declassified in accordance with the
Declassification Guide. However, the sections on plutonium may
possibly interfere with the Atomic Energy Commission policy with regard
to release of this type of information. To the uninitiated, information of
this character on plutonium tends to exaggerate the dangers... statements
such as the one on page 72 indicating that the dangers of plutonium far
exceed those of radium poisoning, tend to attract undue attention to
plutonium.36

Security restrictions also made it difficult for outside scientists to visit the National
Laboratories and conduct research using the reactors and other pieces of large expensive
equipment, which had been foreseen as one of the major purposes of the Laboratories.37
One AEC scientist, after visiting Argonne, thought the restriction on access and

publication were "severe": "I was amazed on a recent visit to Chicago at the fact that all
biological research is still rather heavily restricted and the regular V-2 passes are required

for admission into the laboratory building."38 The AEC's information policy with regard

to declassification of biology and medicine research provided the template for how it

handled information regarding fallout. Its policy of making no comment, or initially
denying or understating possible hazards, for public relations purposes was one of the
catalysts for geneticists and outside scientists to make their concerns about fallout public.

35Letter from J.C. Franklin to Carroll L. Wilson, 26 September 1947, CIC, document no. NV0707294.
from C.L. Marshall to B.M. Brundage, CIC, document no. NV0721272.
Westwick, "The National Laboratory System," pp. 127-128.
38Lctter from Louis H. Hemplemann to Shields Warren, 3 February 1948, CIC, document no. NV0708443.
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Ultimately, these efforts by the AEC to maintain a positive public image had the
opposite effect.

Biology, Medicine, and Genetics
Despite the initial exodus of scientists from the National Laboratories in the
immediate postwar period, and the problems recruiting competent scientists, by the end
of the

1940s

research in medicine and biology at the Laboratories had significantly

increased. Initially, the MED resisted attempts to expand research in biology and

medicineparticularly basic research, which it felt properly belonged in an academic

setting. In

1946,

Groves attached a "fifteen percent" clause to biology and medicine

research funds, allowing only that amount of the total budget to go to basic research. The
AEC was similarly reluctant to provide substantial funds for basic research in biology and

medicine. The Commission itself had only one scientist, a physicist, in its membership,
and the AEC's General Advisory Committee included no representatives with a

biomedical background. Eventually, the AEC began to allow for a greater role for
biomedicine in the laboratories, increasing the fifteen percent budget restriction to twenty

percent in
1947

1947.

It also created the Advisory Committee for Biology and Medicine in

and established a Division of Biology and Medicine. Political support from the

Joint Committee on Atomic Energy for biomedical research also helped to fuel the

expansion of AEC biomedical research. Peaceful uses of the atom, particularly in
medicine, were seen as a useful counterbalance to the public focus on and fears of the

atomic bomb. By 1949, one third of the biomedical budget went to basic biological
research and one third to cancer research.39
At the end of the war, numerous scientists in the MED pushed for the continuation

of biomedical research and the inclusion of long-term, low-dose studies of the biological
effects of radiation, including research into genetic effects.4° The eventual centerpiece of
the AEC genetics research programs was the so-called "Mega-Mouse" experiment at Oak

Ridge National Laboratory. The Director of the Oak Ridge Biology and Medicine
Division, Alexander Hollaender, was a radiation biologist with a strong interest in

mutation. Hollaender, considered by some to be autocratic, successfully built a
biomedical research empire at Oak Ridge with a strong emphasis on genetics.4'

Hollaender sought national publicity and recognition for the Biology Division. He
organized numerous symposia, sending scientists to southern colleges to present
seminars about Biology Division work, and publishing a weekly bulletin about the
Division.42

Reflecting his commitment to genetics research, one of the first symposiums
organized by Hollaender was an Information Meeting on the Cytological and Genetical

Effects of Radiation held in March 1948. In addition to inviting prominent geneticists,
including Muller and Sewall Wright, Hollaender also invited many people working under
39Westwick, "The National Laboratory System in the U. S.,,, pp. 400-416; Stuart M. Feffer, "Atoms,
Cancer, and Politics: Supporting Atomic Science at the University of Chicago, 1944-1950," Historical
Studies in the Physical and Biological Sciences, 22:2 (1992), PP. 233-261; Rasmussen, "The Mid-century
Biophysics Bubble;" Paul Boyer, By the Bomb's Early Light: American Thought and Culture at the Dawn
of the Atomic Age (New York: Pantheon Books, 1985), pp. 107-121.
40Lett from Schwartz to Jacobsen, "Some suggested future developments," 15 June 1945, dC, document
no. NV0071594; Letter from H.J. Curtis to R.S. Stone, "Post-War Biology Program," 4 September 1945,
dId, document no. NVOO7 1580; Letter from Arthur Compton to General L.R. Groves, "Proposed Program
for Metallurgical Project, 1944-1945," CIC, document no. NVO7 14141.
41
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the auspices of the AEC, noting that it was "very desirable that these men get
acquainted with the present knowledge of radiation genetics..."43 Hollaender' s desire to
increase recognition of genetic effects seems to have met with some success. Lt. Colonel
Edwin Black wrote Hollaender: "The papers [on genetic effects] which you gave me have

created considerable interest here in Washington, both among the military and the
scientists."

Hollaender collected the papers given at the meeting and published them as

"Discussion of the Present Status of Radiation Genetics." Several of the symposium
participants would later serve on a National Academy of Sciences (NAS) Committee on
the biological effects of radiation, which produced one of the watershed documents of the

fallout controversy. Some of the papers presented at the symposium, particularly those
by Muller and Wright, foreshadowed future debates among geneticists over how to
responsibly present the genetic effects of radiation to the general public.

Muller's contribution, "Some Present Problems in the Genetic Effects of
Radiation," echoed many of his prewar concerns about medical uses of radiation,
augmented by new concerns about the likelihood that larger segments of the population
would receive increased radiation exposures due to industrial and additional medical

uses. When discussing genetic injury, Muller stated that each deleterious mutation,
which comprised the vast majority of mutations, would eventually lead to a "genetic
death," developing concepts that he would use in his seminal paper the next year, "Our
Load of Mutations." In addition, he suggested that much of the long-term damage

42R.C. von Borstel and Charles M. Steinberg, "Alexander Hollaender: Myth and Mensch," in Perspectives
on Genetics, pp. 525-530.
'°
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induced by radiation, such as cancer and life-shortening, was due to mutations in the

somatic cells. Muller chided non-geneticists: "Yes, somatic tissues have their
chromosomes and genes, too, though it appears not all students who have passed biology
courses have learned this !" As implied by the title, a major theme of his paper was the

need for more research. Muller particularly stressed the need to more accurately measure

the parameters of his genetic load model. For example, he called for more research in
exactly determining spontaneous mutation frequencies in order to determine the relative

effect of radiation-induced mutations in increasing the overall genetic load. Muller
emphasized the lack of genetic knowledge on radiation to make the case for more funding

for genetics research: "there has been a tendency for outsiders to genetics to attempt to
rush geneticists to specific conclusions regarding the nature and magnitude of the effects
on human beings. Geneticists however are not at all prepared to give reliable quantitative

answers to these questions for, when pursuing the questions for their theoretical interest,
they had not received enough support to arrive at such a stage in the work, especially in
mammalian material."46 Though Muller and other geneticists would continue to preach

the need for more funding throughout the fallout controversy, they would also place
stronger emphasis on what they did know about the genetic effects of radiation.

In his symposium paper, Sewall Wright's took a different approach to discussing
the genetic effects of radiation than Muller. In particular, he disagreed with Muller's

simple measure of genetic injurythat one deleterious mutation equals one genetic
death. Wright stated: "A discussion of the effect of mutagenic agents on human
Herman J. Muller, "Some Present Problems in the Genetic Effects of Radiation," in Symposium of
Radiation Genetics. Journal of Cellular and Comparative Physiology, 35, supplement 1 (1950), pp. 9-70, p.
32..
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populations requires a consideration of values. What constitutes benefit or injury to the

population and how these are to be measured must be decided."47 Wright believed that
such value-based decisions on the qualitative effects of genetic change on the population

could not yet be made with any assurance. Given the present state of knowledge, he
characterized the subject as too intangible for discussion. Instead, Wright chose to use
the simple quantitative parameter of reproductive rate to calculate the likelihood that

increased radiation exposure would lead to the extinction of the population. He
concluded that "continuous exposure for many centuries would not give rise to a serious
population problem in man because of induced recessive mutations."48 Wright was
concerned that dominant mutations might reduce the overall quality of the population,
though he was unwilling to estimate that effect.
Though both Muller and Wright agreed on many of the basic assumptions about

genetic damage from irradiationnamely, that it was linear, cumulative, and
deleterious--they approached calculating the possible effects in different ways. In part,
the different approaches of Muller and Wright regarding the estimation of radiation

effects rested on their different views on intradisciplinary issues. Regarding the
mechanisms of long-term evolutionary change, Muller emphasized the effects of adverse

selection on mutation-induced variation. This provided the theoretical basis for his
genetic death rule-of-thumb for a simple quantification of genetic injury. Wright allowed

less of a role for mutation. He emphasized the effects of migration and population

46MulIer, "Some Present Problems in the Genetic Effects of Radiation," p. 44.
47Sewall Wright, "Discussion on Population Genetics and Radiation" in Symposium on Radiation
Genetics, pp. I87-210, p. 188.
48Sewall Wright, "Discussion on Population Genetics and Radiation", p. 192.
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structure in providing continued variation necessary for evolution.49 For Wright, an

increased mutation rate was not likely to threaten the survival of the population. In
addition, whereas Muller approach equated all mutations in calculating damage, Wright's

approach led him to take a more nuanced view of genetic injury. Later, while serving on
a National Academy of Sciences (NAS) committee on radiation effects, Wright and

Muller would clash over the genetic effects of radiation for similar reasons. Though
most, if not all, geneticists supported the qualitative contention that genetic mutations
from radiation were linear, cumulative, and deleterious, they often differed quite sharply
about how to quantify these effects.5°
Despite their differences, both Muller and Wright took exception to the discussion

of genetic effects by Robley Evans. Evans was a physicist at MIT best known for his
studies of the radium dial painters, which provided the benchmark for the NCRP's

maximum permissible body burden of radium and other internal emitters. In October
1948, a few months after the genetics symposium, Evans discussed the genetic effects of

radiation in a talk at the Harvard Medical School. In March 1949, he published a paper
based on the talk in Science.

Evans presented a reassuring view of genetic radiation effects. Evans' discussion
rested heavily on the previously mentioned work of Lorenz, which showed no
chromosomal damage for low doses (though in the genetics community, it had already
been noted that the dose-effect curve for chromosomal damage was different than that for
the genes themselves), and other experiments that showed either no chromosome damage
F. Crow, "Muller, Dobzhansky, and Overdominance," Journal of the History of Biology, 20:3
(1987), pp. 35 1-380.
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or no "visible genetic changes" in the first generation of offspring. Evans briefly
mentioned the Spencer and Stem study, which showed that the dose-effect curve for

radiation-induced mutation was linear down to 25 r. However, he spent far more time
discussing the Caspari and Stem study, which had shown no statistically significant
difference in the mutation rate in control and irradiated flies at low doses, implying the

possibility of a threshold. Though Evans had consulted with several geneticists in
preparing his paper, including Donald Charles, he had evidently not heard of Stem's
re-analysis of the experiment, which supported linearity. Evans also mentioned that of
the over 2,250 case reports in the medical literature of women whose ovaries received

x-ray treatment "no anomalies definitely attributable to radiation have been observed in
their subsequent offspring."51 Evans' mention of these cases served to reassure that
relatively low levels of radiation would not cause significant injury, though geneticists
would not expect to be able to detect a statistically significant increase in congenital
malformations in the first generation of such a small population sample.
In his paper, Evans attempted to provide a numeric value for a permissible level of

accumulated radiation exposure. He calculated that the "doubling dose" of radiation for

humansthe dose that would double the natural spontaneous mutation ratewas
approximately 300r. The doubling dose was an arbitrary, but commonly used, method of

estimating genetically permissible radiation limits. The concept was based on the
assumption that a population could withstand the doubling the natural mutation rate

without significant injurious effects. In calculating the doubling dose, Evans used
°
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estimates of the spontaneous mutation rate in humans by James Neel and other human

geneticists. They had derived their estimatesgenerally, a probability of mutation of
iO to per gene per generationfrom studies of hereditary diseases in human

populations such as hemophilia. Many geneticists, particularly those who worked with
experimental laboratory organisms, believed that this mutation rate estimate was too

high. Based on his 300 r doubling dose and the possibility of a threshold implied by the
experiments he cited, Evans stated:

".

. .

it seems safe enough to conclude that no

detectable increase in hereditary abnormalities is likely to result, even after many
generations, if a small fraction of the population receives daily radiation doses up to 0.1
roentgen [the maximum permissible exposure value] per day."52 Evans' conclusion
reflected and supported the views of the NCRP and the AEC. He focused his attention on

occupational exposure"a small fraction of the population"and stated that the current
maximum permissible limit would protect against significant genetic, as well as somatic,
effects.

Evans paper was doubtless well received by the members of the medical school

audience. In the late 1940s, the medical community showed little, if any, awareness of
the possibility of genetic damage from radiation. A 1948 editorial in the Journal of the
American Medical Association on hazards from the medical uses of x-rays cautioned
against the overuse of x-rays, primarily with regard to its use to relieve minor, benign

conditions such as birthmarks and warts. The editorial concluded that physicians should
carefully evaluate the use of radiation treatment for benign conditions in light of the

51
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presumed benefits weighed against the known and possible injuries that might be

caused by the dosage. The editorial did not mention genetic damage as a possibility. It
also implicitly assumed a threshold. The editorial noted that delayed effects, such as
cancer, could result from exposure to small quantities of radiation; however, the author's

definition of a small dose was, by later standards, rather large. In discussing the use of
radiation therapy for benign conditions, the editorial asked:
Are radiologists too light hearted in advising a few hundred roentgens for
subacromial bursitis? What degree of desperation should be demanded in
this painful condition before inflicting the (rather mild) roentgen injury
incidental to 300 r?. . . Such a dose may be thoughtfully accepted in many a
case, but in every instance it ought assuredly to be thoughtful and not
"routine."53

This editorial suggests that many physicians in the late 1940s considered a radiation dose

of 300 r to be relatively minor, producing only mild injury. In addition, unlike
geneticists, physicians believed that exposing larger numbers of people to radiation for

medical diagnosis would be beneficial to the populations health, not injurious. Mass
x-ray screenings for tuberculosis and regular fluoroscopic examinations of infants as
young as one month were still relatively common medical

practices.54

Geneticists reacted unfavorably to Evans' paper. Upon learning of Evans' plan to
publish his Harvard Medical School talk, Muller expressed his displeasure in a letter to

Curt Stem. Muller was particularly dismayed by Evans' assumption that there was a
threshold of radiation exposure below which there was no, or very little, genetic effect.
He asked Stem to write to Evans and correct his citation of the Stem and Caspari

"The Hazards of X-Ray," Journal of the American Medical Association, 138:3 (1948), PP. 214-215, p.
214.
"Mass Roentgen Examination," Journal of the American Medical Association, 140:4 (1949), pp.;
"Fluoroscopy of Infants," Journal of the American Medical Association, 136:16 (1948), p. 1073.
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experiment, which had originally shown no significant effect. Muller noted that Evans'

assumption of a threshold was already receiving public attention. An editorial in
Astounding Science Fiction had already cited Evans' medical school talk as indicating a

threshold. Muller was quite concerned that Evans' paper, which he considered a "tissue
of errors," would lead people to be unduly careless of radiation

exposure.55

Wright also took exception to Evans' paper. The delay in the publication of the
symposium papers (they were published in 1950) allowed Wright to add an addendum

critiquing Evans. Wright's criticism primarily focused on Evans' use of the i(i estimate
as the spontaneous human mutation rate. Because any information on human genetics
was highly uncertain, he believed that it was "necessary to draw heavily on results from
other organisms, primarily Drosophila."56 The Drosophila figure was i0 per gene per

generation. Wright did not offer a wholesale dismissal of the findings of human
geneticists. It had already been shown in Drosophila and corn that mutation rates could

differ widely at different gene loci. In humans, the

i05

rate might well hold for the

specific genes for hemophilia, which had been studied simply because it was a relatively
common heritable disease, without being incompatible for a

i07

overall mutation rate.

Using the i0' rate for spontaneous mutation, Evans' estimate of a 300 r doubling dose

became a 3r doubling dosea hundred-fold difference. Wright concluded:
there are such enormous gaps in our knowledge that no judgments of
the genetic consequences of radiation in man can be taken very seriously.
There is, however, a strong possibility that cumulative doses of the order
of 300r may have important effects on the offspring and descendents of
those affected and doses as small as 30r may not be negligible.57
55Hermann Muller to Curt Stern, 5 February 1949, American Philosophical Society Library, Stern Papers,
correspondence, box, MEN-MULLER # 10, folder: Muller, H. J. #9.
56Writ "Discussion on Population Genetics and Radiation," p. 197.
57Wright, "Addendum," p. 204.
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The validity of extrapolating from experimental organisms to humans was one of the key

issues in the fallout controversy. While many geneticists from the prewar classical
school of genetics showed a preference for extrapolation, others, such as James Neel,
who had been trained as a physician as well as a geneticist, favored the use of data
obtained directly from human populations. However, regardless of their intradisciplinary
differences, geneticists were unified in their belief in the linear, cumulative, deleterious
dictum in contrast to many non-geneticists, such as Evans, who continued to suggest a
threshold for genetic effects.

AEC Research in Genetics
Though the AEC sought to avoid public discussion of genetic hazards, the
Commission was a major funding source for postwar genetic research. By the end of the
1950s, approximately 15 to 20 percent of the members of the Genetics Society of
America received AEC support.58 Aside from the numerous "small science" contracts
provided by the AEC, the most significant AEC-backed genetic research were the ABCC

genetics study and the genetics research programs at Brookhaven and Oak Ridge.

Brookhaven's research consisted primarily of studies of plant genetics and cytogenetics,
which had few direct implications for determining the genetics hazards of radiation for

humans. The ABCC received most of the AEC budget for genetics research and would
be the most applicable to human hazards. However, as mentioned above, few geneticists

felt confident that significant results would be found. The mouse project at Oak Ridge
seemed to hold the most promise. It was the first large-scale investigation of chronic

low-dose effects of radiation on a mammal, and geneticists hoped that it would
provide a reference point between the well-known Drosophila genetics and the
little-known human genetics.

Hollaender enlisted Muller and Wright to help plan the Oak Ridge mammalian
genetics program. He had already convinced William Russell, a geneticist at the Jackson
Laboratory, to oversee the mouse project. Wright was an obvious choice as a consultant.
In addition to having a sterling reputation in the genetics community, Wright had been

Russell's thesis advisor at the University of Chicago. The AEC also wanted Muller's
input. Though Muller's proselytizing about the genetic hazards of radiation would seem
to put him at odds with the AEC, he was also one of the most well-known U.S.

geneticists. Because of Muller's fame (he received the a Nobel Prize in 1946), the AEC
wanted his support for any large-scale genetics research program that it undertook. The
AEC had also solicited his advice on the ABCC genetics study. Shields Warren, the
director of the AEC Division of Biology and Medicine, offered this reason for choosing

Muller as a consultant: "He draws so much water that we do not want to carry out a
program and then have him blast the results."59 In 1950, the Joint Committee on Atomic
Energy (JCAE) criticized the AEC for its excessive use of advisory committees, stating

that: "This advisory committee device may lead to diffusion of responsibility,
procrastination, or exploitation of well known names as a shield against criticism."60 The

AEC defended itself by noting that the fragmentary and confused state of knowledge in
regard to the biological and medical problems brought on by the atomic age required
Susan Lindee, Suffering Made Real, p. 105.
Letter from Shields Warren to Albert Holland, 8 April 1948, Caltech Archives, Beadle Papers, Box 22,
folder 22.2.
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consultation with "eminent scientists."6' Though the AEC's defense was reasonable
and apparently sincere, given Warren's earlier statement, the JCAE was not far off the
mark in noting the AEC's desire to protect itself from public criticism.
Though the mouse genetics program received approval in 1948, the full program
did not get underway until 1950. In addition to the time required to build facilities to hold

over one hundred thousand mice, Russell had to create a mouse strain for his research

almost entirely from scratch. The first stage of the mouse genetics program was to
determine the mutation rate at specific gene loci, both the spontaneous mutation rate and
the increase in that rate caused by different dosages of radiation.62 The aim was to
provide mammalian data that might provide a better estimate the human genetic hazard

than the fruit fly data. Russell intended to use the so-called NB stock of mice developed
at the Jackson Laboratory. The NB stock had six recessive genes linked to mutations that

were easy to recognize visuallyfive affected coat color, and one affected the shape of
the ear. Through controlled breeding, any mutations would show in the first generation.
Unfortunately, in 1947, the Jackson Laboratory burned, destroying most of the
experimental mice stocks. Left with only a few of the NB stock, Russell obtained another

stock from an amateur breeder. The purpose was to reinvigorate the highly inbred NB

stock, whose fertility was rapidly decreasingthis he could ill afford, given decimation
of the Jackson Laboratory stocks. The new stock turned out to have another coat color
recessive and Russell incorporated it into the NB stock to create the T (test) stock with

60
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seven testable loci.63 Like Stern's work, Russell's results would not offer comfort to

those in the AEC and the military, which wanted to minimize the probability of genetic
injury from radiation exposure.
Primarily because of civil defense concerns, the military did briefly consider

publicizing information about possible genetic effects. In 1949, the Armed Forces
Research and Development Board established a civilian committee to provide
recommendations to the Armed Forces Policy Council regarding the public release of
information about effects and defenses against atomic weapons, radiological warfare and

biological and chemical weapons. Chaired by James Conant, the committee also
included John Foster Dulles and Dwight Eisenhower. Among the subjects discussed
were the possible genetic effects of radiation. Initially, the committee thought that such
information might be made public:
The committee understands that essentially all well-informed biological
opinion on this subject agrees that the harmful results of such exposure
which are likely to be experienced by large population groups in the event
of [atomic] war are essentially negligible. The committee feels that if
surveys by proper competent authorities confirm this opinion, this
information should be made known to the public.TM
As evident from the 1948 Oak Ridge genetics symposium, well-informed genetic opinion

did not support the committee's impression. Shields Warren, perhaps at the request of the
committee, decided that given the "alarmist public reports which have been publicized in

the press" and the "considerable unjustified speculation" (perhaps referring to press
reports about the Japanese atomic bombing survivors possibly bearing "monstrous"
63
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children with congenital birth defects) an
geneticists to study the situation was

ad hoc

desirable.65

panel of impartial and unprejudiced

The "unprejudiced" panel did not

include Muller.

The Ad Hoc Committee on Genetic Effects of Atomic Energy on Human

Populations met on 12 March 1950 in Washington D.C. All of the members of the

committee had some tie to the AEC. The committee consisted of: Shields Warren, the
Director of the Division of Biology and Medicine; Paul B. Pearson, the Director of the
Biology Branch; George Beadle, who received some AEC funding; Curt Stern, who had
directed the MED genetics studies on Drosophila; James Neel, a geneticist for the
ABCC; William Russell from Oak Ridge, and Max Zelle, the geneticist for the Division

of Biology and Medicine. This is not to imply that they were unduly predisposed to the
AEC wishes. At times, factors such as who already had security clearance influenced
decisions on whom to recruit. However, over time a relatively small network of scientists

emerged who were called upon to participate on the advisory committee circuit. At the
policy level, the scientific debate over fallout was the province of a small number of
scientists.

Members of the committee discussed the positions of Muller and Evans regarding

genetic effects more than any other single issue. Central to the discussion was Wright's

critique of Evans' assumption of a i0 spontaneous mutation rate in humans. They
generally agreed with Wright's criticism, particularly noting that the gene loci upon
which the

i05

rate produced mutations that were common enough to be easily studied.

Mutter from Karl T. Compton to David E. Lilienthal, 26 August 1949, National Archives and Records
Administration (NARA) 11, AEC, DBM, CSF, box 10, folder genetics.
65tter from Karl T. Compton to David E. Lilienthal, 26 August 1949.
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Beadle noted that rarer human mutations, such as the porcupine man and lobster claw

cases, must be at loci where the spontaneous mutation rate was considerably lower.
While admitting that the meager data available and the problems associated with
extrapolating from other species to humans made it impossible to give a conclusive
answer, the conmñttee felt that the

iO5

figure was probably considerably too high.

Accordingly, if Wright's estimate of i0' was correct, with the resulting 3.3 r doubling
dose, the "cause for alarm [was] obvious." They also examined four different summaries
(produced at different times) of Charles' still unpublished mouse data. As he had refined
the data, the 60 r doubling dose estimated from the original interpretation of results

decreased to an 8 r estimated doubling dose. The general feeling was that Muller's more
conservative view was "perhaps more desirable ethically and

eugenically."66

The report of the Ad Hoc Committee displayed a conservative attitude towards

radiation exposure. The committee recommended that individuals unlikely to reproduce
be chosen for assignments that knowingly entailed radiation exposure. While admitting
the scientific uncertainties, the committee stated that the doubling dose for man might

possibly be 10 r, or even lower. Returning to the lack of data, the geneticists
recommended increasing the research programs bearing on genetic problems. At the
meeting, Warren had put three specific questions to the committee: What would be the
genetic effects of a single 50 r exposure to 500 young males? How long could a group of
100,000 young males receive 10 r per eight hour day without significant genetic risk?
How long could a population of at least
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people receive 1 r a day without significant

genetic effects? Obviously, these questions were designed to determine the genetic
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hazards that might result from a nuclear war. Given the scientific uncertainties, the
members of the committee felt that "it is unwise to attempt to formulate quantitative
answers to the above three questions."67 However, at the end of the report, they did

provide qualified quantitative estimates. The Ad Hoc Committee's conservative attitude
towards radiation exposure and their willingness to provide quantitative, if qualified
answers characterized later genetics committees formed during the fallout controversy.
However, these later committees focused on peacetime rather than wartime radiation
exposures. The report cooled any desire in the Armed Forces Policy Council to publicize
information on the genetics effects of radiation.

Evolving Genetic Concerns
Though the AEC supported a substantial amount of research in radiation genetics,

the case of the Ad Hoc Genetics Committee shows that many people in the military and

the AEC had little understanding of geneticists' views on genetic injury. What insight
they did gain into those views confirmed their desire not to discuss genetic radiation

hazards. Geneticists working for the AEC were forced to balance their scientific
convictions with their employer's interests. In a 27 October 1950 letter to the geneticist
Joshua Lederberg, Max Zelle, the geneticist of the AEC Division of Biology and
Medicine, frankly discussed some of the difficulties of his position, such as providing
research support for scientists such as Muller who "politically at some time or other were

"Notes Concerning the Meeting of the Ad Hoc Committee on Genetic Effects of Atomic Energy on
Human Populations," NARA II, AEC, DBM, O&M, box 7, folder Genetic Effects of Radiation Committee.
67
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on the liberal side of the fence a bit too far to permit clearance." Nonetheless, he felt he

was winning the fight, at least with respect to Muller. Zelle continued:
The constant threat posed by such asses [Senators McCarthy and
Hickenlooper] serves to intimidate high officials, sometimes to the extent
where formal policy is ignored for the sake of avoiding any issue which
might serve as ammunition for such senators... .it [the Muller situation]
serves to show some of the rather frustrating and time consuming
headaches one encounters in this job. It is fun for a while and I think I
have done a service to the scientific community in a very devious, indirect
way perhaps, but I can't see spending the rest of one's life in such a
position. And if you sta6yed here very long, I'm afraid he'd have to for
nobody would hire you. 8
The difficulties faced by some geneticists in obtaining AEC funding caused concern in

the genetics community. Stern told Ralph Cleland "I am well aware of the unfortunate
situation regarding the AEC and some of the most outstanding geneticists in this
country." At the urging of George Beadle, the AEC Advisory Committee for Biology and

Medicine also discussed the situation. Zelle did eventually manage to obtain AEC

funding for Muller. While Zelle's comments reveal some of the difficulties any
administrative scientist might have felt during the time period, many of his battles were
over genetic issues in particular.

In June1950, the Los Alamos Scientific Laboratory, published The Effects of

Atomic Weapons under the imprint of the Combat Forces Press. The book was to be
republished by the McGraw-Hill Book Company later that year. Before the second
edition went to press, however, Zelle felt compelled to push for a substantial, if not
almost complete revision, of the section on the genetic effects of radiation, which

comprised slightly over two pages out of four hundred and fifty-six. In a letter to

Letter from Max Zelle to Joshua Lederberg, 27 October 1950, Joshua Lederberg Papers online at
http://profiles.nlm.nih.govfBB/
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Lederberg asking for his comments on a draft of the revision, Zelle noted that he and
Russell "knocked it together in an awful hurry" and that he had been forced to make slight

modifications to appease the various factions at the AEC, though he succeeded in
preserving almost 95 percent of the original

text.69

A perusal of the first edition text

quickly reveals why a geneticist might have found it unacceptable.
The genetics section in the Combat Press edition referred only to the Lorenz mice

experiments, as seems somewhat typical of those wishing to minimize possible genetic

hazards. It noted that mice continually exposed to 1.1 rover six generations showed

normal litter size and life spana measure of chromosome damage more than genetic
"point" mutationand that 8.8 r exposures up to cumulative doses of 880 r and 1,100 r
showed no genetic changes in the F1 generation. The section further stated that "it would

appear that doses in or near the lethal range would be needed to cause observable
hereditary effects in man" and that 400 r "is believed to be too low to cause genetic
changes in man, except perhaps those in the sex-linked genes in females [Actually, males

with XY would be more vulnerable than females with xx]."7° The section concluded
that serious genetic damage from sublethal radiation doses was thought to be unlikely.
Regarding recessive mutations, though they might become expressed in later generations,
"it should, nevertheless, be realized that the genetic equilibrium of the human race has not

changed appreciably in many thousand years in spite of spontaneous mutations,
qualitatively similar to those caused by radiation, which are constantly occurring."71
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Needless to say, almost nothing remained of the first edition version after Zelle and
Russell made their revisions.

Zelle's description of his revision was that it said "nothing beyond the fact that
there may be a serious problem which we cannot currently estimate and hence it is wise to
be conservative."72 In place of mentioning Lorenz's or any other specific experiments, it

simply stated that radiation mutation rates are likely of the same order of magnitude for
humans as for other species and that a large amount of data indicates that there is no

threshold. It mentioned that the doubling dose may range from 3 r to 300 r and quoted
Wright's statement that "no judgments of the genetic consequences of radiation in man

can be taken very seriously"leaving out the following line that "There is. . . a strong
possibility that cumulative doses of the order of 300 r may have important effects... and
doses as small as 30 r may not be negligible."73 In general, the section emphasized the
large uncertainties in scientific knowledge of the subject and made two specific

recommendationsthat people should avoid conceiving for two to three months after
radiation exposure (to avoid passing on chromosome aberrations) and that "exposure of
personnel should be kept to a minimum."74 The revised section concluded by touting the

variety of research projects on the genetic effects of radiation being carried out by the
AEC.

In his reply to Zelle, Lederberg generally approved of the revision, especially with

respect to the section that it replaced. However, he had a few caveats:

72Max Zelle to Joshua Lederberg, 5 October 1950.
73Wright, "Discussion on Population Genetics and Radiation," p. 210.
' Samuel Glasstone, ed., The Effects of Atomic Weapons (New York: McGraw-Hill Book Company,
1950), p. 365.
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[The conclusion] reads a little smug, but possibly the AEC is sponsoring more
and better work than I had imagined (I would insert 'we hope' after each
'will supply' or its equivalent.) Another point which might need
amplification in more specific terms is that the stated threshold of .3 r/wk
is not a level which should be complacently accepted. The possibility of
gonad-shields ought not to be ignored.75

Lederberg' s reply seems to reveal some doubts among geneticists outside the AEC
network (he was not on any advisory committees) that the AEC had a strong commitment

to genetics research. In addition, his comments about the current threshold and the
possibility of additional shielding showed a certain discomfort with any radiation

exposure with regard to genetic effects. He found the strong statements of uncertainty
"perfectly good," but the uncertainties made him more cautious, rather than adopting the

thinking behind the first edition versioni.e., that no one really knows, but one probably
doesn't need to worry too much about it.
Zelle's revison of the genetics section of The Effects of Atomic Weapons reveals
the fine line that geneticists working for the AEC had to walk. Zelle was able to raise the
possibility that the genetic consequences of radiation exposure could pose a serious

problem. He was also able to include the strong suggestion that there was no threshold
for genetic injury, as well as provide a range for the doubling dose that was consistent

with informed genetic opinion. However, Zelle seemed to protect the interests of the
AEC somewhat by carefully qualifying his discussion of genetic hazards, particularly by
his emphasis on the uncertainty of current knowledge. Though all geneticists agreed that
large areas of uncertainty existed, many often made a stronger case than Zelle for what

they did know, or at least what seemed probable. The most pointed example of this

Letter from Joshua Lederberg to Max Zelle, 11 October 1950, Joshua Lederberg Papers online at
http:Ilprofiles.nlm.mh.govIBB/
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difference was Zelle' s inclusion of Wright's comment that opinions about the
consequences of genetic injury could not be taken seriously and his exclusion of Wright's

following comment about the strong possibility the consequences might be significant,
whatever the uncertainties in quantifying them. Zelle also put the AEC in a better light by

emphasizing the AEC' s support for research in radiation genetics. Lederberg, perhaps

thinking of Muller's difficulties in obtaining funding, viewed Zelle's claims about AEC
sponsored genetics research with a measure of disbelief. The appearance of discussions
of genetic injury in publications aimed at the general public made Zelle's job all the more
difficult.

As noted earlier, the AEC formed the Ad Hoc Committee on Genetics to
determine whether expert opinion held that genetic injury from radiation was negligible

enough to allow for a reassuring public statement on the subject. Though far from the
level of publicity it would receive following the Bravo shot, genetic damage from
irradiation received some notice by the public in the late 1940s. Two reasons for the
public notice taken of genetic hazards were speculation that Hiroshima and Nagasaki
survivors would produce monstrous children and Muller's continuing efforts to publicize

genetic risk, which he vigorously renewed after his Nobel Prize in 1946. Muller's
acceptance speech raised the importance of protecting against genetic injury in the
postwar era.76 Muller gave numerous speeches on the subject, which were often reported

in the press with headlines such as "Our Defective Race" and "The Menace of
Radiation."77

76
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most delayed-action biological time bombs known." Predictably, some press
accounts gave used tabloid-style headlines to emphasize and individualize the risks.78
AEC statements on the work of the ABCC and its follow-up studies of the
Hiroshima and Nagasaki survivors repeatedly emphasized that the children of the
survivors were normal.79 However, most popular coverage of genetics in the late 1940s
and early 1950s focused on the Lysenko controversy and public fears of radiation focused

somatic injuries from radiation. Localized radioactive fallout became a public concern
after the Crossroads Bikini Tests of 1946, when unexpected bomb yields contaminated

numerous ships involved in the test series. Publicized in the newspapers and by David
Bradley's popular book, No Place to Hide, the invisible menace of radioactivity and
possibility of long-term contamination sparked public

fear.8°

The primary choice of

public relations tactics for the AEC and the Pentagon was a variation of "there is nothing

to fear but fear itself." Military and AEC spokesmen noted that the vast majority of
casualties from the atomic bomb were not due to radiation. Austin Brues, the Director of
Biology and Medicine at Argonne National Laboratory, and Colonel James P. Cooney,
who along with Brues participated in a follow-up survey of the Hiroshima and Nagasaki
survivors, noted that "The secrecy sunounding the atomic bomb both real and imaginary
has created a mystery about the biological effects of radiation" and led to unreasoning

fear that was out of proportion to the facts.8' Though they did not want to be seen as

"Radiation Produces Freaks" Science News Letter 57:9(1950), 131; "No New Types of Freaks," Science
News Letter, 58:19 (1950) 290; "Monster Children of the Atom Bomb," Science Digest 21:5 (1947), pp.
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"debunking" bomb effects, public safety demanded that they speak out. They stated
that many of the Japanese casualties could have been prevented if there had not been

widespread panic among the initial survivors. According to Brues, the effects of panic
could exceed the danger of atomic war alone.82
Despite the fact that genetic damage from radiation was not yet a major public
issue, AEC concerns about the possible public reaction to genetic radiation injury

increasedand the news from its own scientists was not reassuring. In January 1951,
William Russell wrote to Shields Warren about the preliminary results of his mouse

experiment. These results led him to state that, while preliminary, ". . .the data as they
stand at the present time would seem to justify a warning that estimates of human hazards

based on Drosophila mutation rates may be too low by as much as one order of
magnitude."83

A little over one month later, Zelle forwarded the report of the Ad Hoc

Genetics Committee to Warren. In the cover letter, he mentioned Russell's results and
quoted from a recent letter from Stem, a member of the committee: "The mouse data, as
far as they go, are certainly disquieting to anyone (and the report of the Ad Hoc
Committee would have been more apprehensive had Russell's data been available last
year)."84

The AEC's initial hope to reassure the public about genetic effects was replaced

by a desire not to discuss them at all.
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"Our Atomic Heritage"
At the beginning of the

1950s,

both Donald Charles and Arnold Grobman finally

published accounts of their Manhattan Project genetics experiment. In October 1950,
Charles published a brief, partial summary of the Rochester mouse experiment. The three

page article, at least half of which was comprised of charts and tables, focused narrowly
on two questions: How likely was the occurrence of mutations for a given dose, and how

serious were the effects of those mutations? The experiment was primarily designed to
discover physical abnormalities in the F1 generation, though certain mice that showed
abnormalities were allowed to continue breeding and additional generations were studied
up until

1950.85

Grobman's role was to autopsy the mice that were sacrificed in order to

detect any abnormalities in the internal organs.

As one might guess from the journal in which it was published, Radiology,
Charles' paper was written for an audience not trained in genetics. It opened with family
tree charts graphically illustrating the effects on dominant, recessive, and semi-sterility

mutations. He presented the data obtained from the irradiated mice, noting that at the
low-dosage rate, there was a one percent increase in new mutations per cumulative 100 r

of exposure. Regarding the seriousness of the effects of these induced mutations, he
presented the twelve types of abnormalities evident in the mice (or, at least, those looked

for). The abnormalities included retarded growth, anemia, abnormal spleen shape,
confused behavior, altered fur color, and altered fur color with reduced eye size and
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fertility. Charles judged that only seven of the twelve caused clearly adverse effects,
though he noted that "it is the general impression of most geneticists, I believe, that most
mutant genes, when adequately studied, are found to be

harmful."86

He had also detected

six semi-sterility mutations. Because each of these six mutations would kill the embryo
before the thirteenth day of pregnancy, which corresponded to the seventh week for a
human female, these mutations were presumably "without really serious effects."
Charles reminded readers that his conclusions might be inaccurate because of the small
sample size (there were approximately 2,700 mice in the original

F1

group) and possible

differences in radiosensitivity between mouse and human genetic material. What stands
out about Charles' paper is what he did not include. He did not mention that the
experimental results showed a linear dose-effect relationship without a threshold, though

it was apparent to geneticists that his data showed exactly that. He also did not include
data on the mutation rate in the controls, thus making it impossible to tell that his results
suggested an 8 r doubling dose (The Ad Hoc Genetics Committee had calculated this

value after seeing all of Charles' data).
Grobman published his own account of the experiment in a 1951 book aimed at
the general public, Our Atomic Heritage. Though the book did not deal exclusively with

the genetic hazards of radiationhe also discussed the use of isotopes, atomic energy,
and the atomic bomba discussion of the genetic aspects did comprise the bulk of the
work. (He also included a short section criticizing the secrecy and security aspects

imposed in atomic researcha fairly common complaint by scientists at the time.) In

85Lindee Suffering Made Real, pp. 65-66; Donald R. Charles, Joseph A. Tihen, Eileen M. Otis, and Arnold
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contrast to Charles, Grobman explicitly noted that there was no threshold,
emphasizing that "There
damage.87

is no safe amount"

of radiation exposure with regard to genetic

Grobman calculated the doubling dose at 40 r. (As Grobman left the project

after the war and Charles' figures were apparently under constant revision up until 1950,

Grobman may not have had the most recent results). Based on the no-threshold
assumption and his estimated doubling dose (five times larger than the most recent

appraisal of the data indicated), he concluded: "If a person engaged in work in which a
daily dose of radiation was received that was at a safe level, that is, 0.lr, he would,
nonetheless, double his chances of having abnormal children at the end of a year and a

half of employment."88 By Grobman's calculations, a man would have a 1 in 94 chance
of "siring a mutant child" if was "safely" exposed for ten years.
Grobman addressed the consequences of the genetic changes in the mice in a

section entitled "Mutations are not good." Like Charles, Grobman discussed the actual
mutations observed in the mice. But whereas Charles simply made the blanket statement
that he considered only seven of the twelve mutations that he listed as showing "clearly
adverse effects," without specifying which ones, Grobman discussed his view of each. He

concluded that none of the mutations were beneficial, though four might be neutral in
effect. Grobman discussed the semi-sterility mutations, which Charles dismissed as
"without really serious effects," as mutations that affected the spontaneous abortion rate,
though he noted that mouse geneticists called them semi-sterilities. Grobman considered

these harmful: "But abortions, even as early as a month and a half, are not to be lightly
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dismissed."89

In his epilogue, Grobman concluded that people who were of

child-bearing age should ". . . so far as circumstances allow, scrupulously avoid

radioactivity, no matter how slight..." He suggested that those who were sterile or past
childbearing age could be allowed to absorb significant amounts of radiation, within the
limits of the tolerance dose recommended to avoid significant somatic

effects.9°

Though

they used the same data and essentially the same results, Charles and Grobman expressed

the implications of the experiment quite differently.
In his letter to Shields Warren about Russell's disquieting mouse data, Zelle noted

that he had brought up the subject because of the imminent publication of Grobman's
book. If Grobman's book, which discussed genetic hazards in the context of occupational

exposure, received wide publicity, it could hamper efforts to develop atomic energy and
other industrial uses of radiation. Zelle noted that Grobman had based his estimations on
Charles' somewhat unreliable data, then continued:

The much more reliable data of Russell's indicate that the situation may
be even be more alarming than Grobman depicts. The other factor causing
me to call this whole matter to your attention is the discussion of the
question of designing new atomic energy plants to 60-75% of
tolerances.. .If this were done, and if the data of Charles and Russell stand
up, I believe that the Atomic Energy Commission might be in a rather
vulnerable position with respect to risk compensation for workers,
insurance protection, etc., for in this case Grobman' s estimates of a
possibility of a mutation (dominant mutation) of one in 97 births would
not be too far from wrong.9'
Zelle repeated these concerns at the twenty-sixth meeting of the Advisory Committee for

Biology and Medicine in March.92
89
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The AEC's fears that Grobman's book might receive widespread publicity

made Zelle and others anxious to receive a final write-up of Charles' results. As part of
an effort to extract a final, or at least substantial, report from Charles, Zelle raised the

issue of Grobman's impending publication of Our Atomic Heritage. "I seized upon this
situation," Zelle wrote, "to emphasize the desirability of having a complete report of his

work in our files."93 Charles never did complete a write up of his work before his death
from leukemia in 1955, only publishing the brief Radiology article. The later, 1960,
summary was completed posthumously by the other members of the project. Historian
Susan Lindee mentions only that he did not publish his results for a "variety of reasons."

One of them may have been a growing dissatisfaction with the AEC. Zelle noted in his
memorandum that, "I got the impression that he resents rather deeply the question
concerning his clearance."94 In conclusion, Zelle doubted that they would get much more

out of Charles than the little that had appeared in Radiology. Lacking a summary of
Charles' data, the AEC took other steps to prepare for the publication of Grobman's
book. A statement critiquing Our Atomic Heritage and putting a positive spin on
AEC-sponsored genetics research was prepared, though it would not be used unless
requests came from atomic energy installations (presumably as a result of workers'
concerns) or the book received notable publicity.

Indeed, this approach of the AECto publicly ignore any issue regarding hazards
or criticism unless forced to by adverse publicity--seemed to have become de facto AEC

policy. The same year, Edith Quimby, a physicist and colleague of Failla's at Columbia

93Memorandum from Max Zelle to Shields Warren, 16 February 1951, NARA II, AEC, DBM, CSF, box

11, GeneticsMice.
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University, expressed her concerns to Shields Warren about the publication of We of
Nagasaki, which painted a vivid picture of the horrors of radiation after the bombing of
that city. Warren did not wish any official public statement on the book to be made unless

it was given "undue

prominence."95

According to Arnold Grobman, the AEC also tried

to dissuade or otherwise prevent publication. He later recalled that he received a letter
from an AEC official "suggesting that I drop the idea of publishing the book. My
reputation would not be enhanced by authoring a popular book; I should spend my time
writing technical articles instead, he suggested. . .Then Dr. Charles told me that the AEC
suggested he tell me not to publish the book saying that he, as director of the project, had

not given me permission to use the data that had been collected. Dr. Charles wrote back
to the AEC saying that I had a perfect right to use the data."96
A letter from Zelle to Stern lends support to Grobman's recollection of attempts to

dissuade him from publishing. Zelle reported that he had talked to Charles about the
book, but that Charles would only oppose publication if Grobman had misused the data,

which Zelle did not believe he had done. Zelle himself was conflicted about publication
of the book. He told Stern that he thought certain people in the AEC did not want the
book published and that, to a smaller degree, he shared some of their concerns. Zelle
admitted to Stern that his concern about publication might seem at odds with their mutual

concerns about the human genetic heritage in the Atomic Age. However, Zelle felt he
had reason to fear that Grobman's dramatic account of genetic hazards might harm his

efforts to modify the AEC and military approaches in discussing genetic risk. Zelle told

95Edith Quimby to Shields Warren, 11 October 1951, CIC, document no. NVO7O 1947; Shields Warren to
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Stern: "Already General Cooney has seized the opportunity to point out that the basic
error was made when the Commission permitted changing the text of the Atomic
Weapons Effect Handbook."97 Noting that Grobman received his zoology degree from
Stem's department at Rochester, Zelle asked him to intercede in the situation:
You might possibly want to discourage Grobman from publishing the
book on the basis of your personal liking and interest in him. In my
opinion, the book does not impress one as a scholarly discussion of the
problems, and I do not feel that it will add to Grobman's stature.98
This was the same argument that Grobman recalled the AEC making to him. It represents
one of the many ways in which conceptions of a "good scientist" were used as part of the
rhetoric of the debate over low-level radiation effects. In addition, it illustrates the AEC's
preference for information on radiation effects to be kept within the scientific community
as much as possible and not publicized.

In his reply to Zelle, Stern stated that there were some aspects of the book he
disliked, but he used the word "dislike" rather than one with a connotation of objectivity

because hardly anything Grobman said could be labeled untrue. Stem's major complaint
was that Grobman had based his estimates of genetic damage at a nuclear installation on
the premise that the workers would all receive the maximum permissible exposure. Stem

believed that Grobman should have included a strong statement that workers in AEC
plants generally received far less than the maximum permissible exposure; however,
Stern also noted that the low exposures were "by courtesy" and not by prescription. Stem

suggested that the AEC send out a press release about the actual exposure levels in its

Max Zelle to Curt Stem, 15 February 1951, American Philosophical Society Library, Stem Papers,
correspondence, box U, folder U. S. Atomic Energy Commission.
98
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plants. Stem was in favor of publication of the book because he believed it might
stimulate continued vigilance for genetic health.99
In addition to contacting Stem, Zelle also asked James Neel to publish a refutation

of Grobman's work. Neel was not particularly sympathetic to Grobman's book,
primarily because he extrapolated the mouse data to humans, nor was he enthusiastic
about the request, and sent only a summary of the ABCC work to be used as the AEC saw

fit.'°° However, upon publication of Grobman's book, Neel did publish a strongly
negative review in the American Joumal of Human Genetics. Neel had two primary
criticisms of Our Atomic Heritage. One was that Grobman did not properly qualify his
statements, particularly with regard to extrapolating from mice to humans. The second,
echoing Stem's criticism, was that Grobman did not note that the actual exposure of
workers at atomic energy facilities, according to AEC reports, was well below the

tolerance limit. In his conclusion he stated that "One would be inclined to dismiss this
more lightly were it not for the fact that these statements can exercise a profound effect in

a vital area of labor relations."10' With the exception of Neel's dismay at Grobman's
extrapolation from mice to humans, his critique was almost exactly that in the prepared
AEC

statement.'°2

Upon seeing Neel's review, Grobman complained to the editor of the joumal that
he believed Neel had treated him quite unfairly, particularly with regard to his criticism

regarding the actual exposures at Oak Ridge. Grobman contended that Neel had set up a
Curt Stern to Max Zelle, 19 February 1951, American Philosophical Society Library, Stern Papers,
correspondence, box U, folder U.S. Atomic Energy Conmiission.
'°° Lindee, Suffering Made Real, pp. 114-115.
'°' James V. Neel, "Our Atomic Heritage," American Journal of Human Genetics, 3:1 (1951),
pp. 81-83, p.
83.
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straw man, as Grobman had included a lengthy footnote stating that Oak Ridge
workers were kept substantially below the maximum permissible dose in almost all
cases.103

This was not good enough for Neel. He told Grobman that he believed most of

the press and the reading public would miss that footnote. Indeed, Neel's early
experiences on the ABCC study had given him a general distrust of the press. In 1947
during the initial ABCC survey, he told Stem, "The latest, greatest headache is the press.
I have just about come to the conclusion that the only working relationship between the
press and myself is complete silence."04 Given his suspicions about the accuracy of press
reports, Ned told Grobman he should have put the first sentence of the footnote, asserting

that the Oak Ridge workers got less than the permissible limit in all capital letters in the
main body of the text.'°5 Neel did arrange for the American Joumal of Human Genetics
to publish a rebuttal by Grobman, which was the joumal' s first letter to the editor. Not all

reviews of Grobman's work were negative. C.P. Swanson thought that the "points were
well made, and the result is an informative and provocative book which should be widely
read."106

No doubt to the relief of many in the AEC, Grobman's book was not a popular

success.

The second half of the 1940s saw increasing amounts of support for genetics
research by the AEC as part of an overall increase in support for biomedical research,
including cancer. Scientists, particularly geneticists, seemed quite willing to use the new
102
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hazards of the atomic age to seek funding from the AEC, while at the same time issues

of security and secrecy began to create suspicions and distrust of the AEC among some
outside scientists as well as fear and lowered morale in scientists working in the National

Laboratories. Despite increasing AEC support for genetics researchboth in funding
small science, university-based projects and big science projects such as the ABCC study

and the Mega Mouse project, there was a reluctance to fully accept the increasingly

disquieting results of these studiesand an even greater reluctance to deal with them

publicly. Though geneticists appeared unified on some issuesparticularly the need for
greater awareness of possible genetic effects and the "linear, cumulative, deleterious"
nature of genetic damage, attempts to quantify the hazards revealed significant

differences of opinion. Some of these differences rested on theoretical considerations,
such as those between Muller and Wright. Others were a product of increasing
specialization in genetics, particularly with regard to uses of data from different
experimental organisms, as well as humans. All of these issues would be magnified, and

new ones introduced, in the fallout controversy. In the early 1950s, some fallout studies
were already underway. The creation of the Nevada Test site brought fallout closer to
home and increased the importance of both the determination of risks and the
management of public opinion. These issues would come together to provide the catalyst

for the fallout controversy and its first widely publicized riskgenetic injury.

'°6C.P. Swanson, "Our Atomic Heritage," Ouarterly Review of Biology, 26:4 (1951), p. 371.
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Fallout before the Fallout Controversy
From the beginning of the continental testing program in 1951, the AEC realized
that fallout would have to be publicly accepted as harmless. Despite its need to assure the
public on this point, the agency knew relatively little about the characteristics of fallout or

how far it might spread. The AEC learned as it went along, slowly developing a
monitoring network, as well as conducting studies on the physical properties of fallout
and, eventually, the biological effects. Although AEC initiated Project Sunshine, a secret

project for measuring the levels of the bomb-produced radionuclide strontium-90 in
humans and the biosphere, its public relations policy regarding fallout was much the

same as it was for radiation effects in generalto say as little as possible. When
something had to be said, AEC spokesmen took a reassuring tone. Yet despite the AEC's

efforts, public concerns about fallout grew, particularly in the area surrounding the

Nevada Test Site. The AEC's experiences with continental testing from 1951 to 1953
provided the template for how the Agency addressed the widespread public concern
about fallout sparked by the thermonuclear Pacific tests in 1954.

Learning about Fallout
Scientists and others working on the Manhattan Project knew that the explosion
of an atomic bomb might spread radioactive particles into the atmosphere. In 1945, the
first bomb tested, the Trinity device, produced more fallout than expected. Radiation
monitoring teams found high radiation levels at some areas outside the test site and
several cattle received beta radiation burns. These cattle were purchased from the
farmers and inadvertently became subjects in the first radiation--effects experiment with
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large mammals. Despite the disquieting off-site radiation measurements, the testing
and radiation safety planners were convinced that no people had been exposed to unsafe

levels.'
In 1946, the first major postwar test series, Operation Crossroads, was carried out

in the Bikini Islands. The Baker shot, which was detonated underwater, cast a cloud of
radioactive mist over a target fleet of 93 ships that had been anchored near the explosion
to test its effects. The fallout from Baker rendered the target ships highly radioactive, and

three-fourths of the fleet was sunk rather than recovered for study and decontamination.
The support ships for the test series also accumulated unwanted levels of

radioactivityin part due to seawater circling through the ship systems and due the
concentration of radioactivity from the seawater in barnacles and other marine organisms
on the ship hulls.

2

In subsequent years, he AEC resurveyed the islands, since it became

a large-scale field experiment in the transport of radioactive elements through the
biosphere.

At the beginning of 1951, the AEC and the military began testing at a continental

test site in southeastern Nevada. The Korean War provided a major impetus for the
creation of such a site. Continental testing seemed necessary, as the Korean conflict
raised doubts about the ability to test safely in the Pacific and heightened national

security concerns demanded the rapid development of new weapons. A continental test
site addressed both of these issues. Though it provided an economical way to test
relatively small-yield weapons, it created possible public safety and public relations

problems. Near the end of 1950, AEC staff members met with representatives of the
Hacker, Elements of Controversy, pp. 3-4.
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military regarding the public relations aspects of the inaugural test series at the new

site. A report of the meeting noted that: "It appeared that the idea of making the public
feel at home with neutrons trotting around is the most important angle to get across.. .It
was agreed that adequate knowledge, if not control, of the radiological hazards involved

should certainly be had before, during and after any shot. This means extensive
monitoring activity."3 In addition to recommending increased monitoring, the AEC also

formulated evacuation plans in the supposedly unlikely event that fallout at an off-site
location exceeded safety levels. Despite the AEC' s recognition that continental testing
demanded more extensive monitoring and safety precautions than the Pacific tests, they
did not expect any off-site problems, and monitoring activities were confined to an area

200 miles around the site. As is apparent from the above quotation, the AEC's public
relations policy focused on convincing people to accept comfortably a slight, but
detectable, increase in radiation exposure.

On 28 January 1951, the second shot of Operation Ranger, the first test series at
the Nevada site, sent radioactive fallout high into the atmosphere, where it was picked up

by eastward blowing winds. Earlier, in August 1945, a few months after the August 6
Trinity test, film inspectors at the Eastman-Kodak plant in Rochester, New York had

noticed an unusual amount of fogging in their film. Kodak scientists eventually
determined that fallout from the Trinity shot had contaminated Iowa corn, which had in

turn been processed into cardboard film separators for Kodak.4 Despite this previous

2
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incident of fallout far from the test site, the AEC was caught by surprise when fallout.
from the opening shots of the Ranger series turned up in Rochester, New York.

On the morning of 29 January 1951, radioactive snow began falling in the
Midwest and Northeast. Eastman-Kodak technicians noticed increased activity from
their Geiger counters and again alerted the AEC of the far-flung fallout. Men-il Eisenbud,

an industrial hygienist at the AEC New York Operations Office's Health and Safety
Laboratory, had not been told of the upcoming tests and was surprised to receive a call
from the Atomic Energy Project at the University of Rochester (also under the auspices of

the AEC) informing him that the "background [radiationil was up very substantially."

Eisenbud quickly called upon his scientific and industrial contacts in the Northeast and
Midwest to gather samples of the snow, which were hand-delivered to the Health and
Safety laboratory for

analysis.5

Given the previous example of widespread fallout from

the Trinity test, Eisenbud was both amazed and upset that the AEC had not put a

monitoring network in place. As Eisenbud later said: "They [the AEC] didn't go out of
their way to get the facts. A professional approach would have demanded that when they

started a test, there'd be a fallout monitoring network. And there wasn't any."6 By
professional approach, Eisenbud most likely meant that of industrial hygiene. He was the
first, and remained one of the few, scientists in the Manhattan Project or the AEC who
had an extensive background in industrial

hygiene.7

Eisenbud recalled that even after his

fallout collection during the Ranger series, the creation of a continental and, eventually,
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world-wide monitoring network was supported most strongly by the AEC's Division
of Military Application and the State Department, rather than the Division of Biology and

Medicine. According to Eisenbud, the Health and Safety Laboratory did not receive
complete support for fallout monitoring activities until late 1952.8
At the time that he set up the monitoring network, Eisenbud was unaware that the
military had implemented a program to detect remote fallout several years earlier.

Carried out under the auspices of the Armed Forces Office of Atomic Energy, the
program's purpose was to devise instrumentation and monitoring procedures that could
detect Soviet nuclear tests.9 Few people not associated with the program were aware that
areas of United States received measurable levels of radioactive fallout before the advent
of continental testing. From 1948 to 1952, there were 13 planned releases of radioactivity

in the United States. Eight were to study the possibilities of radiological warfare and five

were to tests methods of tracking radioactive debris through the atmosphere. Most
documentation of these tests is still classified or otherwise unavailable.'0 Only one of the

tests, the "Green Run" at the Hanford facility in Washington, is known to have caused
significant increases in off-site radiation levels.

The "Green Run" was so-called because the radioactivity for the release
generated by reprocessing spent reactor fuel had been cooled for only 16-19 days instead
of the usual 90 or more days (i.e. it used "green" fuel). The release was designed to study

the diffusion of radioactive material and to test monitoring instrumentation. In order to

8
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generate sufficient levels of radioactivity for the test, the scrubbers used to minimize
the release of radioactive gases from the Hanford stacks were shut down." The initiative
for the Green Run came from the Air Force and the AEC directed members of the

Hanford scientific staff to cooperate. The Green Run release occurred from 2-3
December 1949. It did not go as planned.
In 1989, in response to a Freedom of Information Act request, the Department of
Energy declassified a key (and one of the few) documents related to the Green Run

entitled simply "Dissolving of Twenty Metal at Hanford." References to specifics about
how and why the test was conducted and who was involved were deleted from the
released version, though the report did note that the general purpose of the experiment
was to develop monitoring methodology for detecting Soviet tests. In a review of the
document, Allan W. Conklin, of the Office of Radiation Protection of the Washington
State Department of Social and Health Services, noted: "It is.. .obvious that this
experiment went awry, with numerous errors, equipment failures, cross contamination of
equipment, and miscalculations."12 In addition to equipment failures, the test was carried

out under inauspicious weather conditions, leading to the unplanned and "excessive"
spread of radioactive material. General Electric, which managed the Hanford facility,
had wanted to delay the release until better weather conditions prevailed. Carl C.
Gamertsfelder, Manager of the Hanford Biophysics section, recalled that ". . .we didn't

The Green Run Test and Its Safety and Health Implications, p. 10.
Allan W. ConkJin, "Review of the Green Run Document 'Dissolving Twenty Day Metal at Hanford," 8
May 1989, HREX online archive, document no. e2750001, p. 2.
1
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recommend, we wouldn't have recommended, that they [the Air Force] operate it [the
Green Run]. We told them that. They wanted to run anyway, and they did run."13
The Green Run deposited radioactive material across a broad swath of the Pacific

Northwest, stretching from Kettle Falls, Washington, approximately 150 miles
north-northeast of Hanford, to Kiamath Falls, Oregon, approximately 300 miles to the

Southwest of the facility. In 1986, the DOE released a "talking points" instead of the
actual classified document, "Dissolving Twenty Day Metal at Hanford." The summary
paper stated that the Green Run release was not extraordinary and did not significantly
exceed the tolerance levels for 1-131 in effect at the time of the test. Nevertheless, the
declassified Green Run document revealed that in some areas 1-131 contamination

reached 4,000,000 picocuries per kilogram (of vegetation)twenty times the tolerance
level of 200,000 picocuries per kilogram reported in other documents from the time
period. The 1-13 1 tolerance level was temporarily exceeded in Yakima, the Dalles,

Spokane, and the Blue Mountains region. Some animals showed thyroid concentrations
of 1-131 that were 80 times greater than the tolerance level for tissue deposition. There
was little, if any, discussion in the report about possible exposures of the human
population.

Most disturbing to Conklin were discrepancies between the calculated releases

and the measured releasesthe calculated releases were too low by a factor of two to
three. He was concerned about the implications of this discrepancy for other calculations

'
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of releases from Hanford.14 The Green Run itself only accounted for a small
percentage of the total 1-13 1 released from the Hanford plant from 1944-1949. In 1945,
Hanford released 45,000 curies of 1-13 1 per month.

The Green Run illustrates several key aspects of the fallout controversy. The
exposure of a large population to relatively low levels of radioactivity was viewed by
many in the AEC and in the military as necessary and not particularly worrisome when

weighed against the perceived needs of national security: declassified historical
documents show no attempts to calculate population exposure. Also, as fallout
distribution depended heavily on difficult-to-calculate meteorological conditions, even

the best-laid test plans often led to unexpected fallout deposition. Finally, national
security and public-relations concerns led to a strong inclination towards secrecy by the
agencies involved.

Project Gabriel
In addition to providing the impetus for the Green Run, the successful Soviet
bomb test in 1949 led to the initiation of Project Gabriel, which attempted to determine

the possible radiological hazards that might result from a nuclear war. Specifically,
Gabriel evaluated the possible consequences of widespread contamination of the
atmosphere and biosphere by bomb fallout.'5 The project was basically a one-man study
carried out by Nicolas M. Smith, Jr. of Oak Ridge National Laboratory. Lacking much in

the way of hard data, the study was mainly theoretical, and there were numerous
'
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uncertainties in the estimates. However, based on Smith's report, Shields Warren, the
Director of the AEC's Division of Biology and Medicine, concluded that strontium-90
was the radionuclide that posed the greatest potential hazard and that 3,000 20-kiloton, or

nominal, bombs would cause serious world-wide

contamination.'6

In 1951, shortly after

the first continental tests (the previously mentioned Ranger series) Smith was asked to
update Project Gabriel and revise his report.

Smith's revised report did little to provide greater certainty about the possible
long-term radiation hazards that might result from a nuclear war. The 1949 estimation of
the number of nominal bombs required to reach a threshold lethality of strontium-90 in
the biosphere allowed for the calculation to be too small by a factor of 16 or too large by

a factor of 4. In his 1951 report, Smith assumed a much greater possible error, allowing

that his estimate "may be 100 too lowor approximately 10 times too

high."7

In a

conversation with AEC Conmissioner Henry de Wolfe Smyth, Smith gave some of his
general observations on the problem. He believed the probability was "quite high" that
most Americans had inhaled or ingested some radioactivity from the bomb tests to date.
He also noted that a fundamental assumption of the earlier study (and one which would

again be used in subsequent Project Sunshine calculations) the assumption of uniform

worldwide distribution of falloutwas of less practical interest than the "recognition of a
finite probability of hot spots resulting from uncontrolled conditions."18 The Ranger
series and the monitoring activities taken by the Health and Safety Laboratory as a result
15
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of those tests, on which Smith partly based his new observations, had shown that
weather conditions, particularly precipitation, could cause localized "hot spots" that had a

higher level of radioactive contamination than the average. Smith also noted that
"unplanned results may well be the rule rather than the exception." Smyth asked if
Gabriel studies to date had included consideration of genetic effects. They had not.19 In
a memorandum from Joe Deal to Shields Warren, Deal suggested that long-term effects
on future generations, including genetic effects, be taken into account, and that the AEC
form an ad hoc committee that included a geneticist to study the problem.2° In November

1951, an ad hoc committee to reassess Gabriel was formedwithout a geneticist.21
The ad hoc committee accepted Smith's conclusion that strontium-90 posed the
greatest potential long-term hazard from fallout. There was some discussion about the
maximum permissible concentration (MPC), or tolerance level, of ingested
radiostrontium. The International Committee on Radiation Protection had set the level at
one microcurie. However, the ad hoc committee calculated the number of nominal

bombs that could be exploded safely as 100,000based on the assumption that 10
micocuries of strontium-90 represented a more accurate estimate of the MPC. This figure

was far greater than Smith's original 1949

calculation.22

The AEC General Advisory

Committee, noting that the Gabriel studies lacked much in the way of hard data on which
18

L. Joe Deal to John C. Bugher, "Discussions between Nick Smith and Dr. Smyth," 11 October 1951,
CIC, document no. NV0404819.
'9L. Joe Deal to John C. Bugher, 11 October 1951.
20L Joe Deal to Shields Warren, "Gabriel," 15 October 1951, CIC, document no. NV0403996.
21
The members of the committee were Lauriston Taylor, physicist; Nicholas Smith, theoretical physicist;
Edward Teller, theoretical physicist; Joseph Kaplan, geophysicist; Leo Marinelli, radiologist; Cot.
Benjamin Holzman, meteorologist; Sterling Hendricks, soil scientist; William Urray, physicist; Donald
Rock, mathematician; Sverre Petterssen, meteorologist; and Shields Warren, U.S. Atomic Energy
Commission. "Progress Report to the Joint Committee on Atomic Energy, June through November 1951,"
44-45, CIC document no. NV 0720014.
Hacker, Elements of Controversy, p. 182.

133

to base conclusions, recommended another full-scale survey be undertaken by an

independent group. They also recommended that such a study not be undertaken
immediately, but that the AEC should wait until more test results were available.23
Growing public unease with continental testing and the first U. S. test of a thermonuclear

device would soon focus the attention of the AEC on Project Gabriel again.

Continental Testing and the Public
The Tumbler-Snapper series of tests at the Nevada Proving Ground in April and

May of 1952 was the first series which journalists where allowed to witness firsthand.
The test series also included Exercise Desert Rock IV, in which troops were stationed
relatively near ground zero and then directed to carry out battlefield maneuvers in the
aftermath of the explosion in order to simulate wartime conditions. The military and the

AEC clashed over issues of radiation safety regarding Desert Rock IV. The military
sought to position troops within 7,000 yards (approximately four miles) of ground zero in

order to more accurately reflect battlefield conditions. The AEC's Division of Biology
and Medicine resisted allowing any personnel closer than its previously established limit
of seven miles. Not only were the bombs experimental, with no certainty as to what their
explosive yields would be, but they would also be delivered by airdrops, which raised the

possibility that they could fall wide of their intended targets.24 Though the military had
offered assurances that it would accept responsibility for the safety of the troops, Warren
contended that the AEC was responsible for radiation safety at the Proving Ground "both

23
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in fact and in the public mind." Indeed, Warren's biggest concern was public reaction

in the event that something went wrong. He noted that:
1. The Continental Proving Ground is of great value to the program of the
Atomic Energy Commission and has been accepted by the public as safe.

2. Accidents occurring at the time and place of an atomic explosion are
magnified by the press out of all proportion to their importance, and any
injury or death during the operation might well have serious adverse
effects.25

Eventually, the AEC commissioners washed their hands of the matter. Gordon Dean,
Chairman of the AEC, wrote to Brigadier General Herbert S. Loper, Head of the Armed
Forces Special Weapons Project (AFSWP), that troops could be positioned at a distance
that was "safe but not beyond a distance from ground zero which is reasonably sound
from a tactical

standpoint."26

Details of a safety plan for the troops would be worked out

between the Director of the Desert Rock Exercise and the Test Director. The AEC
continue to enforce its own limit for civilian personnel.
Though Warren had believed that the public had accepted testing at the Nevada
Proving Ground as safe, off-site fallout was beginning to stir public concern. Initially the

most widely reported about fallout was that it adversely affected the weather. During the
first continental test series, Ranger, unusual weather had coincided with several of the test

shots. In Boston, the Boston Globe reported: "New England reeled under the two-day
onslaught of turbulent weather," which included "zero temperatures, record-breaking
warm weather, snow, sleet, rain, thaw, fog, ice, and strong winds."27 Other odd weather
included snow falling as far south as St. Augustine, Florida, and record-breaking cold in
25
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parts of Indiana. Across the country, people called the U.S. Weather Service, asking if

the unusual weather was associated with the bomb

tests.28

The April-May Tumbler Snapper series also contributed to public concern. Three
days after the third shot in the series, code-named Charlie, the New York Times carried
the story "Geiger Counter Goes Berserk at Columbia; Atomic Rumors Ripple as Far as

Washington." According to the article, "Laboratory technicians, mindful of the atomic
bomb explosion in the Nevada desert less than forty-eight hours earlier, grew round-eyed

when the machine began racing at twenty times the normal radiation rate for this area,
then quickened its pace to a hundredfold, four hundredfold, and finally clickety-clacked
in an uncountable

frenzy."29

As the news spread across campus, Columbia students

began to call the Times, inquiring if the Nevada tests had deposited a large amount of

fallout in the area. Physicists at Columbia had not noticed an increase in background
radioactivity and the phenomenon was eventually traced to a faulty Geiger counter in the

University's nutrition laboratory.
On 7 May 1952, the fifth shot of the series, Easy, resulted in heavy fallout far

beyond the range predicted by test planners. The small Nevada community of Lincoln
Mine received the heaviest fallout ever recorded by the test monitors up to that time. Test

officials determined that the community should not be allowed to receive any more
significant amounts of fallout for at least ten

weeks.3°

Fallout from the Easy shot also

dusted Salt Lake City. Later that day, the AEC released a statement declaring that
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meteorological studies carried out on May

6th

had indicated that fallout would pass

over Salt Lake City in "non-harmful" quantities. Presumably, the AEC's admission that
it had realized Salt Lake City would receive some fallout was meant to assure the public

that the agency could safely predict the possible fallout from testsbut in fact
unexpectedly high winds had resulted in unforeseen fallout

distribution?1

On 9 May

1952, J. Bracken Lee, the Governor of Utah, vented his displeasure about the incident to
AEC Chairman Gordon Dean:

Acknowledging the fact that each individual can safely receive an
accumulated dose of only a certain amount of radiation, then, with malice
and forethought the AEC Operations authorities subtracted from the bank
accounts of allowable radiation exposure of about 500,000 people. Who
knows how many of these citizens will later need every milliroentgen they
can stand, whether it be for treatment of cancer, from atomic bombs, or
even from working in necessary exposure, such as local mines.32
Lee deplored the fact that no one in the state government was informed in advance about
the fallout and that state officials initially gained their information about the event
through the newspapers, which had quoted mining engineers and Geiger counter

manufacturers to the effect that the increased radiation was dangerous. Lee continued:
"Needless exposure is deplored; however small the risk. We are hoping for better liaison,
which we feel is a direct responsibility of the AEC. We object to future exposures similar
to that of May

7th,,33

In addition to the elevated radiation readings in populated areas, some cattle near

the test site also apparently suffered radiation injury. Subsequent investigation by Los
Alamos veterinarian Robert J. Thompsett confirmed that suspicion. The cattleman's
3°Hacker, Elements of Controversy, pp. 7 8-79.
Hacker, Elements of Controversy, pp. 78-79; Miller, Under the Cloud, pp. 150-151.
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attempted to recoup his losses was unsuccessful. Claims against the AEC for damage
resulting from testing that exceeded $1,000 were, as a matter of policy, settled in

court.34

Though fallout was not yet a widespread public fear, public aWareness of it seemed to

increase with each continental test series. As much as the AEC might have preferred not
to engage in public discussion of the issue, fallout could not be kept secret. Anyone with
a Geiger counter could detect the increased levels of radiation, and it was becoming
apparent that few, in any, areas of the country would not receive some fallout from
continental testing.

In the fall of 1952, in response to the Tumbler-Snapper fallout incidents, the AEC

and the military initiated a study regarding the future of the Nevada Proving Ground.
According to Carroll L. Tyler, the manager of the AEC's Santa Fe Operations Office,
"Certain unanticipated effects and results, and the magnitude of other effect and results,
as demonstrated by our recent tests, now indicate that a thorough re-evaluation of our
situation be

made."35

The problems that provided much of the impetus for the study

included: "Contamination in the test area; radiation hazards to general public; claims
arising from physical damage and radioactivity, and public attitude to continental tests."36

Tyler hoped that the study could be completed before the upcoming series of tests,
scheduled for March-May, 1953.
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The Committee on Operational Future of Nevada Proving Grounds met on 14
January 1953. They determined that the primary value of the continental test site was that

it greatly facilitated the design and testing of weapons. In other words, it was important
for national security. Secondarily, continental testing was much more economical than
Pacific tests in terms of cost and manpower. The major problems and restrictions on the
use of the Nevada test site were public safety and public relations. The committee
discussed the "good fortune which has on occasion caused highly-radioactive clouds to
wend their way in between

communities."37

The cattle irradiated during the

Tumbler-Snapper series became the topic of a great deal of discussion. The committee
members voiced concerns about the poor public relations caused by the delayed

settlement of damage claims by the caulemen. The committee members hoped that
legislation allowing them to settle claims in excess of $1,000 out of court might be passed

and, according to meeting minutes, "The importance of such legislation to test operations
was referred to repeatedly in during the conference."38 Richard G. Elliot, the information

director for the Santa Fe Operations Office, who responsible for public relations in the
local vicinity of the test site, offered a positive, yet cautionary, assessment of current
public relations:

They [the public] have accepted blast damage, rather gingerly accepted
scientists' assurance of non-hazard as to fallout, and generally welcomed
NPG activity.. .the general attitude is cooperative. Radiation presents a
continuing threat to public relations; while the fear is latent it can come
into the open at any time..

"Report of Committee on Operational Future of Nevada Proving Grounds," 11 May
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Morse Salisbury, the AEC Director of Information, offered a similar assessment of the

attitude of the national public, which he characterized as "good' with the exception of a
few points where there have been radiation fallout flare-ups..." but he predicted that "one

incident of injury would switch this attitude and seriously jeopardize continued use of a
continental

site."40

Though the report recognized potential serious problems for the

future of continental weapons testing, particularly with regard to the public, the problems

actually experienced to date seemed minor and manageable through a combination of
more careful test planning and execution and an active public education program aimed
the communities surrounding the test site.
In its Thirteenth Semiannual Report to Congress, released in January of 1953, the

AEC directly addressed public concerns about fallout from the Nevada tests, seeking to
reassure that proper and effective precautions were being taken to protect public health
and safety. The report addressed the issue of fallout, and made it seem as if it was
actually a non-issue:

"Fall-out".. .already has caused a degree of public concern in some
communities. The increase in natural radiation caused by fall-out may be
measured on the sensitive instruments used for radiation detection.
Improper use of these instruments, or faulty interpretation of their
readings can result in an inaccurate report that residents of a community
are being exposed to dangerous level of activity. In addition, many
persons, not realizing that they are continuously exposed to radiation from
natural sources may become alarmed by reports of any level of fall-out
radioactivity, no matter how small.41
This opening positioned the AEC as the reliable repository of expert knowledge on

fall-out. Since fallout was ubiquitous and could be detected by anyone with the proper

40
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equipment, the AEC sought to gently discredit measurements and interpretations other

than its own, such as those that prompted the concern of Utah Governor J. Bracken Lee.

In addition, the opening statement used a comparisonof fallout with natural
radiationthat would become a staple of AEC rhetoric regarding fallout throughout the
controversy. By impressing upon the public that radiation exposure was a natural part of
life and that fallout represented only a slight increase in background radiation to which
everyone was inevitably exposed, the AEC attempted to eliminate the thought of fallout
at a risk, or at least as a new risk. As John Rose, the Director of the Argonne Radiological

Physics Division, would later remark to Willard Libby, a member of the AEC's General
Advisory Committee, "when you add it all up it's a surprisingly hot world.. ."42--and one
which the AEC hoped the public would comfortably accept.
Regarding possible injury due to radioactive fallout, the report stated: "No person
has been exposed to a harmful amount of radiation from fall-out. In general, radioactivity
resulting from fall-out has been many times below levels which could cause any injury to

human beings, animals, or crops... .Fall-out radioactivity is far below the level which
could cause a detectable increase in mutations, or inheritable

variations."43

The first

assertion, that no somatic injury could have been caused by current increases in

background radiation, rested on the threshold concept, which still formed the basis for
radiation protection standards and estimates of somatic damage. However, there was
growing scientific debate over the somatic mutation hypothesis of carcinogenesis, which

in some formulations implied linearity. The statement about genetic effects, while

42
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perhaps technically true, did not represent the general attitude of most geneticists. The

key word was the qualifier "detectable." While geneticists did not expect that statistical
surveys of exposed populations were likely to detect significant increases in mutations, as

in the ABCC study, they nonetheless assumed that some genetic damage had occurred.
In a later section of the report on genetic effects, the AEC again attempted to be as

reassuring as possible. The writers used one of the highest estimates of the dose that

would double the natural mutation rate in humans, 80r. The report also noted that the
ABCC study had not detected any significant increase in mutations. In conclusion, the
report reassured the public by a comparing fallout with natural radiation: "On the basis of

experiments and observations so far made, it appears that over a number of generations,
radiation from fall-out from Nevada tests would have no greater effect on the human
mutation rate in the United States than would natural radiation in those parts of the Nation

where the background levels are high."

In other words, if one worried about genetic

damage from fallout, one might as well worry about living in mile-high Denver, where

people received more background radiation from cosmic rays. Though the discussion of
genetic effects admitted that radiation-induced genetic damage was linear and
cumulative, it characterized possible genetic effects as insignificant.
In 1952, during the time period covered by the Thirteenth Semiannual Report,

Harold H. Plough--who had succeeded Max Zelle as the geneticist for the Division of
Biology and Medicine--attempted to correct the impression given by a discussion of
genetic effects in the "Handbook of Atomic Weapons for Medical Officers," much as
Zelle had worked to change the section on genetic effects in The Effects of Atomic

Thirteenth Semiannual Report to Congress, p. 123.
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Weapons two years earlier. Plough discussed the problems in the medical officers'
handbook with the Advisory Committee for Biology and Medicine.45 However, since the

handbook was an Army publication, Plough could not insist on a revision. Instead, he

took issue with the handbook in an article in Nucleonics. Regarding the handbook's
treatment of genetic effects,

Plough

stated:

Quite often discussions of radiation effects are likely to distort the
possible genetic hazards of radiation. . . One such distortion.. .occurs on
page 24 of the recently published "Handbook of Atomic Weapons for
Medical Officers." There it is stated that: "Little is known of the actual
effects to be expected in man, but it is estimated that about 600r would be
required to produce significant mutation rate changes, and the fact of
survival of an individual indicates a probable absorption of less than
450r." Since well under 10 roentgens delivered to the germ cells of a
considerable number of men or women might result in an easily
recognized increase in the number of malformed offspring in the next and
subsequent generations, it is clear that the quoted statement is incorrect.46
The statement from the medical handbook showed a complete unfamiliarity with
geneticists' opinions on the doubling dose, and, by using such a high exposure level for

producing "significant" genetic changes, made the question moot. As noted in the
handbook, 600 r was well above a lethal dose, and a dead person could not pass on
mutated genes. In contrast to the medical handbook, and the reassuring statements in the
Thirteenth Semiannual Report, Plough concluded his paper by calling for serious
consideration of the genetic hazards of even slight increases in mutation from radiation

exposure: "We cannot contemplate with equanimity an increase in deficient individuals
or in the 'genetic death' of the unborn.. .radiation hazards cannot be neglected for human
beings, even though they are not immediately apparent to the individual receiving
"Minutes of the Meeting of the Advisory Committee for Biology and Medicine," 4-5 April, 1952, CIC,
document no., NVO71 1856.
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exposure."47

Like Zelle, Plough felt compelled, as a geneticist, to take issue with

statements discounting the possible significance of radiation-induced genetic injury.

Plough's article strongly critiqued the position that the consequences of genetic injury
could be safely ignored, though his employer, the AEC, was a proponent of that view.
However, he published his rebuttal in a specialized scientific journal, where it received

little, if any, public notice. Though the genetic hazards of radiation were not yet a
prominent public issue, the AEC' s concerns about public fear of fallout increased. The
next continental test series did little to assuage them.

Thresholds of Concern: Testing Resumes
The Upshot-Knothole test series, conducted at the Nevada test site in May and

June of 1953, caused the largest number of off-site fallout incidents to date. The AEC
responded by increasing emphasis on both fallout studies and public relations. Like
Tumbler-Snapper, Upshot-Knothole would involve a troop exercise, Desert Rock V. Of
the eleven shots in the series, seven were tower shots. These explosions, occurring only
300 feet from the ground, were the most likely to produce heavy fallout, as they irradiated
and dispersed large amounts of soil. Once again, the military and the AEC disagreed over

permissible exposure limits and proximity to ground zero for the troops involved in

Desert Rock V. As with Desert Rock IV, the AEC eventually acquiesced to military
control over troop placement. Concerned about public relations, as well as its real and
perceived responsibility for the safety of the tests, the AEC insisted that the Department
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of Defense issue a public statement taking responsibility for the safety of military
personnel during the exercise. In addition to the regular troops, who were stationed 4,000
yards from ground zero, several military officers volunteered to be positioned in trenches

2,500 and 2,000 yards from ground zero.48
Of the seven shots that deposited fallout off-site, three--Nancy, Simon, and
Harry--caused the most concern. The Nancy shot was fired on 24 March and sent fallout
over the small community of Lincoln Mine, which, as noted earlier, had also received

relatively high fallout during the Tumbler-Snapper series. AEC monitors asked the
residents of Lincoln Mine to stay indoors for two hours, until alter the radiation from
fallout subsided from its peak of slightly over 0.5 r per hour.49
Detonated on 25 April, Simon had a 43-kiloton yield, twenty percent more than

predicted. Simon sent heavy fallout eastward, with a radiation intensity estimated at 5 r
250 miles away from the test site and 10 r at 110 miles. Sections of two state highways,

93 and 91, received significant fallout. As a precautionary measure, the AEC setup
roadblocks and measured vehicles for radioactivity. With the help of cooperative local
gas stations, AEC officials washed any vehicle in which they discovered a radiation
intensity of seven milliroentgens or more. One day later, a thunderstorm over Troy, New

York precipitated considerable fallout on the city. Estimates of the potential dose
received by the inhabitants ranged from 0.1 and 2 roentgens.5°
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Test shot Harry, fired on 19 May, caused the most concern. Initially
meteorological conditions seemed favorable for the shot, but a shift in wind conditions
sent heavy fallout over populated areas. Again, section of state highways 93 and 91 were
closed. Residents of St. George, Utah were asked to stay indoors for three hours, bringing

the town to a standstill. The townspeople received estimated maximum doses of 4.2-4.9
roentgens. The Harry shot disturbed several of the AEC Commissioners. At a 22 May
meeting, the Commissioners sharply questioned John Bugher and Al Graves, the Test
Director, about the criteria used for deternuning when a shot could be safely fired. One of

the Commissioners, Eugene M. Zuckert--echoing some of the concerns of the public
relations officials in the earlier Nevada Proving Grounds study--stated, "A serious
psychological problem has arisen, and the AEC must be prepared to study an alternate to

holding future tests at the Nevada test site. In the present frame of mind of the public, it
would take only a single illogical or unforeseen incident to preclude holding any future
tests in the United

States."51

Chairman Dean conveyed the Commission's desire that

everything possible be done to avoid more fallout over St.

George.52

The Upshot-Knothole tests caused greater public concern than any previous test,
though there was still no general public alarm. The fallout incidents received little press
coverage outside the regions downwind of the test area. However, two days after the
Harry shot, Utah Representative Douglas R. Stnngfellow expressed his displeasure about

the recent fallout to AEC Chairman Dean. Reported in the New York Times under the
headline, "End of Nevada Test Urged," Stringfellow called for the current test series to be

brought to a speedy conclusion, as the explosions and resulting fallout had created
51
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"alarm, bitterness, and anxiety to residents of that section of the country."53 After a
reassuring discussion with Frank A. Butrico, an off-site radiation monitor, Stnngfellow
reassured the public about the safety of the Nevada tests, stating that he was convinced

the AEC was taking all necessary precautions. He attributed his and the public's earlier
apprehensions to the AEC's "antiquated security regulations and poor public relations."
As an example of the AEC's poor public relations, the Representative cited the washing
of cars from the contaminated sections of highways 91 and 93, which apparently caused

public alarm. Yet, Stringfellow asserted, this had been unnecessary, because "scientists
knew there wasn't enough radioactivity to harm the human

body."54

AEC spokesmen

categorically denied that there was any danger to the public from the tests and the U.S.
Weather Bureau once again reassured the public that the tests were not affecting the
weather.55

Though there was not yet a general public fear of fallout, concern was evident
among individuals in the vicinity of the test site. As of May 25th, 453 damage claims had

been filed, though the AEC stated that this number was no higher than previous series.56
Some downwinders became concerned with possible health hazards from the tests. In
response to a query from B.M. Brundage of the U.C.L.A. Medical School regarding how
to handle cases of alleged fallout exposure, Walter Claus, Chief of the AEC's Division of

Biology and Medicine's Biophysics Branch, recommended that such cases be handled
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courteously "but in no case should physical examinations be made other than possibly

passing a counter over the clothing." Regarding the concerns of uranium prospectors
who had wandered into a "relatively high-level fall-out area," Claus suggested that "the
men be told that even if they had remained in the area the rest of their lives, the radiation
dose would have been only a few r and could not have possibly affected their blood count
or health."57

Not all AEC officials agreed. Charles Dunham, Chief of the Division of Biology
and Medicine's Medical Branch wrote to Brundage that after discussing the matter with
Bugher, he disagreed with Claus. Dunham felt that it was "not wise to be so cavalier." If
there was good evidence that a person might have been exposed to heavy fallout that the

person should be given a physical examination, if requested. However, if after talking
with the physician, he or she no longer wanted an examination, then "that is another
matter." However, Dunham noted, "This is not to be taken to mean that any crackpot who

wanders in from Nevada should be so treated, but only cases in which there is reasonable

evidence that they were exposed to more than 'nominal' fallout."58 Though Bugher and
Dunham were perhaps more astute with regard to public relations, both they and Claus

sought to minimize the perception that fallout might be harmful. Cases should be
screened for eligibility for a physical examination, and if the physician was so reassuring

that the person no longer desired an examination, so much the better.
In addition to problems with public exposure to radiation from fallout, the AEC
public relations also suffered from reports of human radiation experiments. In July 1953,

Chicago newspapers reported an AEC-sponsored study to measure the radium body
57Walter D. Claus to John C. Bugher, 4 May 1953, CIC, document no. NV0704815.
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burden of convicts at Stateville prison.59 The levels of radium in the prison's drinking

water (as well as the water in the vicinity of Argonne National Laboratory) contained
almost 50 times as much radium as water from L:ake Michigan. As prison water was the
only water the inmates drank, they seemed to provide a good population to measure for a

heightened radium burden. As reported in the Chicago Daily News, the Argonne
scientists "hope their study on Stateville prisoners will demonstrate that it is possible to
multiply the human tolerance level many times and still be on the safe side."6° Some

newspapers designated the prisoners "human guinea pigs."6' These newspaper reports
attracted the attention of the AEC' s Division of Information Services, which initiated a
"stop-loss information action" regarding the Argonne study, as any studies or
experiments involving humans had "obvious and delicate public relations

aspects."62

The reports of "human guinea pig" radiation studies did not evoke an entirely negative

public reaction. In March and April 1953, in the wake of press reports of the troop
exercises at the tests and the use of animals to determine the biological effects of the
weapons, several individuals wrote the AEC to offer themselves as human guinea pigs in

future tests, including one thirteen year-old. Needless to say, the AEC declined their
offers.63
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Perhaps the result from Upshot-Knothole fallout that most concerned the AEC
was the death of substantial numbers of sheep that had been grazing on public lands north

and east of the test site during the series. First reported to the AEC by the Utah
Commissioner of Health at the beginning of June, the large number of deaths of ewes and

lambs in the Cedar City, Utah area posed a significant public relations problem. In
response to the alleged radiation-related deaths, the AEC and the Utah Department of

Health sent several veterinarians to examine the sheep. Robert Thompsett of Los
Alamos, Major Robert H. Veenstra of the Naval Radiological Defense Laboratory,
Arthur H. Wolff, William J. Hadlow, and Monroe A. Holmes, all associated with the
Public Health Service, A. C. Johnson, a local Cedar City veterinarian, and Stephen L.

Brower, the county agricultural agent, all participated. After their initial examination,
many of the veterinarians believed that radiation might have been at least partially

responsible for the sheep deaths, but the data were not conclusive. Reluctant to accept
that radiation might have been a causative factor, particularly due to the possible impact
of such a conclusion on public relations, the AEC sought other possible explanations,
including malnutrition (the area had been suffering from a drought) and ingestion of toxic

plants. Soon after the initial report, Brigadier General K.E. Fields, the Director of the
AEC Division of Military Application, discussed his concerns that the numerous

non-AEC personnel involved in the study might lead to fragmentary results. Bugher
concurred and the investigation was taken over by Paul B. Pearson, the Chief of the

Division of Biology and Medicine's Biology Branch.M
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Pearson organized a study that included pathological examinations of tissue
samples, laboratory experiments exposing sheep to radiation, and surveys of wildlife in

other fallout dusted areas. However, even before the studies could produce findings,
Pearson and other AEC officials became convinced that radiation was not responsible for

the sheep deaths and that malnutrition or plant poisoning best accounted for the losses.
Most of the non-AEC experts who were involved in the study were less convinced. Both
L. A. Stoddart of the Utah Agricultural Experiment Station and W. T. Huffman of the

Bureau of Animal Industry ruled out poisoning as a cause. Monroe Holmes and James
Terrill, of the Public Health Service, remained neutral; neither found the evidence
sufficient for choosing among the various possible causes. Thompsett and Veenstra both
believed that radiation exposure was a significant contributing cause to the sheep deaths.
The final report on the sheep deaths, which was not seen by Veenstra or Thompsett,
concluded that ". . . it is now evident that the peculiar lesions observed in the sheep around

Cedar City in the spring of 1953 and the abnormal losses suffered by the several
sheepmen can not be accounted for by radiation or attributed to the atomic tests
conducted at the Nevada Proving Grounds."65 However, the ABC could not offer a

convincing alternative for the deaths. Though radiation was unlikely solely responsible
for the deaths, the possibility remained open that radiation exposure might have
contributed to the deaths of already weakened animals.

Dissatisfied with the AEC explanation, or lack thereof, the sheepmen filed suit
against the ABC in 1955. The judge determined that most of the evidence supported the

AEC position that radiation could not be proved as the cause of death. (Nearly three
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decades later, in 1982, the case was reopened, and the sheepmen received a favorable
verdict, as the judge ruled that dissenting scientific opinion had been suppressed.
However, this ruling was overturned on appeal.66) One of the most notable aspects of the

AEC's handling of the sheep kill was its omission of dissenting opinion. The final
report's conclusion, quoted above, had initially asserted that the Public Health Service,
the Bureau of Animal Industry, and the Utah Department of Health all concurred with the

opinion. However, the Utah State Health Commissioner, George A. Spendlove, refused
to dismiss radiation as a contributing factor, so the AEC changed the wording to simply
state that the report had been "reviewed" by the Department of Health of the State of
Utah, without mentioning the reservations that forced the alteration.67 Given the
importance of positive public relations to the continuance of continental testing, the AEC
could ill-afford to have its expert opinion on fallout and the possible hazards questioned.

Later examination of the fallout data from Upshot-Knothole suggested that
several offsite communities may have been exposed to radiation doses in excess of the
limit of 3.9 roentgens per thirteen week period that was in effect for test site personnel

(excepting, as discussed earlier, troops in the Desert Rock exercises). The 22 June 1953
AEC progress report to the Joint Committee on Atomic Energy included calculations
showing that several communities could have received total doses ranging from 3.8 to 13
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roentgens, though these were considered extreme values, with actual exposures
believed to be approximately half of the "worst case" values.68
In late 1953, Robert J. List of the U. S. Weather Bureau recalculated several
estimates of the Upshot-Knothole fallout. He determined that the fallout over Troy, New
York, originally calculated at 16 million disintegrations per minute per square foot, had

probably been approximately six times higher-100 million disintegrations per minute
per square foot. Examining the trajectory of the radioactive clouds and the weather
records for the time period, he also concluded that there had been several places, none
with monitoring stations, where the radioactive clouds had intersected with

precipitationpossibly causing undetected high levels of fallout deposition. Noting that
he had re-examined the data to ".. . see if potentially serious cases of intense localized
fallout could have occurred which were undetected by the monitoring network," he found

at least half a dozen in New York, New England, Nebraska, and Wyoming.69

Project Sunshine
The increase in fallout incidents from continental testing, as well as the successful

test of the first U.S. thermonuclear device, Mike, in the Pacific in November of 1952,

spurred renewed interest in Project Gabriel. Megaton-scale tests such as Mike, which,
according to initial estimates, had a yield of six to twelve megatons, injected large

amounts of fallout into the stratosphere, spreading the radioactive dust worldwide. In
addition, the continuing increase in bomb yields used up larger and larger portions of
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Gabriel's safe limit for the maximum number of nominal bombs that could be
exploded before dangerously contaminating the biosphere.7° In March 1953, John
Bugher wrote to K.E. Fields, requesting the participation of Paul C. Fine, of the Division

of Military Application in the newly-formed Task Group Gabriel. The AEC General
Manager, Marion Boyer, and the Commissioners had decided that "the project known as
'Gabriel' [was] to be accelerated and given first priority status."71 The new Gabriel study

was conducted under the auspices of the Biophysics Branch of the Division of Biology

and Medicine. In the letter, Bugher re-summarized the objective of Project Gabriel. The
purpose of the study was to ". . . determine the practical limits in the utilization of atomic

reactions, especially in weapons. These limits are those at which the accumulation of the

end-products of the reactions would be seriously detrimental to health and the normal

balance of populations."72 In addition the Gabriel Task Group, the AEC contracted the
RAND Corporation to perform an independent study of the problem.73
Initially contracted to review the non-biological aspects of fallout in mid-1952,
RAND began by working on how to predict the fallout from a single detonation under a

variety of weather conditions. Eventually, RAND broadened its study to the effects of
larger numbers of detonations. In the summer of 1953, RAND contracted with Willard
Libby, then a member of the AEC's General Advisory Committee, to conduct a pilot
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program to examine the distribution of strontium-90 from weapons tests?4 Libby was

a natural choice for RAND to contact. Already security cleared and associated with the
AEC, his scientific work bore directly on the problem. The determination of the
radiostrontium content of soils, water, bones, and various other materials included in the
assay program would require extremely low-level counting techniques of the type Libby
had recently devised for his radiocarbon dating technique, for which he received the 1960

Nobel Prize in Chemistry. In July 1953, at a conference organized by RAND, AEC
officials created Project Sunshine. Accepting the premise that strontium-90 was the
radionuclide of greatest concern, the conferences attendees decided that Project Sunshine
should attempt to evaluate the risk posed by strontium-90 contamination of the biosphere.

As they put it, "The risk is simply this: The bone-retentive and radioactive properties of
Sr9°

endow it with a high carcinogenic capability; a given amount above threshold (which

may be zero) fixed in the bone will cause a certain average percentage of the population
to die of bone cancer comparable with that observed in victims of radium poisoning."75
Though the report mentioned that there might not be a threshold for cancer induced by
strontium-90, the calculations presented assumed a maximum permissible concentration

(MPC) of one microcune, which was the standard set by the International Committee on

Radiation Protection. This value represented a tenfold decrease from previous Project
Gabriel calculations, which had assumed a MPC of 10 microcuries. However, some
conference attendees, such as the Cornell physicist Hans Bethe, still argued that it was

"Memorandum for Members, Committee on Atomic Energy," 22 April 1953; Hacker, Elements of
Controversy, pp. 182-183.
Worldwide Effects of Atomic Weapons: Project Sunshine, August 6, 1953, p. 4.
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"entirely reasonable and safe" to accept the 10 microcurie limit.76 The numerous
uncertainties in attempting to calculate the long-term hazard of strontium-90, including
meteorological, environmental, and cultural factors, led the conference members to
present an estimate of the number of nuclear detonations that would contaminate the

world "with some trepidation." Their preliminary estimate was 25,000 megatons.77 The
report urged a rapid expansion of the pilot sampling program and concurrent studies on

the carcinogenic effects of ingested radionuclides. In contrast, before the Sunshine
program, fallout monitoring had focused almost exclusively on levels of external gamma
radiation.

Not everyone agreed with the idea of an extensive sampling program. Members
of the military, in particular, disliked the reports' conclusions. In a critique of the
Sunshine report, Howard G. Bunker, the U. S. Air Force Assistant for Atomic Energy,
recalculated the hazard based on different assumptions and concluded that 20 million 100

megaton bombs could safely be exploded without reaching a critical threshold of global

contamination. For Bunker, the "most interesting hazard" was the localized strontium
hazard, in the vicinity of the detonation. The strontium hazard, Bunker argued, should be

considered "the proximate result of war rather than some uncontrollable plague." He
favored a far more limited sampling program than the worldwide assay suggested for
Sunshine.78

Bunker's critique seemed to reflect a general military view, also evident in

its battles with the AEC over troop exposure levels in the Desert Rock exercises, that
minimized potential health risks for the sake of military operations and weapons
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development. In spite of some protest, Project Sunshine did attempt a worldwide
assay of strontium-90 and received significant funding. Robert A. Dudley, one of the first

AEC staff members assigned to Project Sunshine, said that Libby considered "that there

is almost no limit to the amount of money available. Strauss would have Congress
appropriate $10 million in a flash if necessary."79 Fallout thus would prove an economic
boon for scientists who could associate their research with it.
Though the priority given to Project Sunshine made substantial funding available,

few people were qualified to conduct the necessary measurements.80 One was Laurence
Kuip, a geochemist at Columbia University's Lamont Geological Observatory. Kuip was
the first scientist to learn Libby's low-level counting technique for radiocarbon dating.
Once the AEC decided to pursue aggressively a sampling program, Libby enlisted Kuip
to help him accelerate the pace of the pilot program in order to have more data on hand for

the next Sunshine conference, set for January 1954.81

Project Sunshine was not a well-defined program. It drew on many separate
investigations of fallout deposition and the biological effects strontium-90, such as the

toxicity and cancer studies carried out at Argonne National Laboratory. The core of the

projectthe strontium-90 sampling and assay program itself--quickly became
personified in Libby. Walter Claus, the Chief of the Biophysics Branch of the Division of

Biology and Medicine, which nominally oversaw the project, recalled that Libby "took

79Robert A. Dudley, "Report on Chicago Trip, September 14-15, 1953," CIC, document no. NV0027893.
80
"Progress Report by the Division of Biology and Medicine," excerpt from Minutes of the 896th ABC
Meeting, 27 July 1953, NARA, ABC, E67B, box 55, folder DBM.
81
Interview with J. Laurence KuIp by Ronald E. Dod, 11 April 1996, pp. 26-29, courtesy of Ronald E.
Doe!.
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upon himself to be the kingpin of fallout" and that the "Sunshine" appellation
originated with him.82
In September, 1953, Robert Dudley visited Libby in September 1953 to determine

how he fit in with Libby's work. In a filed trip report, he gave his impression of Libby's
nascent Sunshine program:

I honestly believe that Libby has given no penetrating thought to the pilot
program. His urge to rush into the sampling without carefully analyzing
the significance of different types of information which might be
obtained, and his generally disparaging attitude toward all other workers
in the program, will make effective coordination between him and the
Division of Biology and Medicine a difficult matter.
It seems to me that for the Division of Biology and Medicine to
maintain any guidance over Libby's work, it is essential that we cooperate
with him to the limit when we agree with him... .Libby's current
conception of my role is as his errand boy, even to the extent of suggesting
I might move out to Chicago for an extended period.83

Dudley's characterization of Libby's approach as somewhat high-handed and scattered
fits with later recollections of scientists who had contact with Libby and Project
Sunshine, as well as later evaluations of the project, which emphasized the need for better

organization and focus.84 Claus recalled that his days working with Libby on the fallout

problem were "extremely hectic." Libby attempted to draw everyone available into the
project and often exasperated people, such as Claus, with the numerous studies that he
"dreamed up" and that he wanted answers to "pronto."85 Years later, Newell Stannard,
who headed the Atomic Energy Project at the University of Rochester, said of Libby and
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his involvement in the fallout debate: "In a sense it [the tension between the
importance of testing for weapons design and possible health hazards] had to come to a

head in one individual, and for a while that individual was Libby. Libby was rather
unstable. I think he was the only one I think could have gone ahead and done

somethingbull through, whether it was right or

not."86

At least through 1958, when the

AEC attempted to re-assess and reorganize Project Sunshine, Libby remained the driving

force behind the program, as well as becoming the most vocal AEC spokesperson on
fallout.

The initial pilot program conducted by Libby focused primarily on assaying the
strontium-90 content of stillborn babies acquired from Chicago area hospitals, though the

program also assayed some soil and cheese samples. The stiliborns were particularly
useful for the sampling program. The greatest concern was the amount of strontium-90
uptake by humans, and the retention of strontium-90 was greatest in those who were
rapidly forming bone, such as infants and children. In December 1953, Libby and RAND
organized a small conference, consisting primarily of the RAND study group, David T.

Griggs, representing the Air Force, Robert Bacher, a former AEC Commissioner, and
Dudley. The purpose was to evaluate the pilot program results and costs in preparation
for a larger meeting on Sunshine the next month.87
At the meeting Libby argued for declassification of Project Sunshine, which had
been "born classified." Participants at the original conference were asked not to reveal its

existence to anyone not officially connected with the project; moreover, they were told
86
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"The letter of invitation.. .should be classified.. .or returned to this office by registered
mail."88

Though much of the weapons-effect data gathered by the general Gabriel project

obviously required classification for national security reasons, Libby and some other
conference attendees argued that the Sunshine study could be conducted best by granting

it unclassified status.89 Though stillborns were relatively easy to obtain surreptitiously in
the United States, Libby believed that a secret sampling program would unduly hamper
attempts to make a worldwide survey of strontium-90 contamination. Libby's argument,
as summarized in the conference report, was:
The only way of obtaining the samples [of babies or other human remains]
is to obtain the cooperation of the foreigners themselves and this can be
done only by telling them what the point or the main part of the plan of the
nation is. It is not clear that it is necessary to tell them about the assays
obtained, how radioactive people really are, or how serious the danger is.
It is probably clear that it is necessary to inform them about the overall
likelihood of the danger and that the problem is one of considerable
importance. So it seems to a group in the conference that the choice to be
made at the moment is largely between ignorance of the foreign situation
with some hope that the SUSI-UNE hazard be kept secret and a frank
admission of the purpose of the SUNSHiNE PROJECT together with the
proper emphasis of the humanitarian aspects and an ability or opportunity
to assay the world as a whole.9°

Libby's appeal was that of a scientist. He argued that one could not purchase the
necessary samples from oversees because the physicians and scientists who were in
position to obtain the samples were "so learned, and so interested otherwise, that the
money that could be involved would be of no consequence."9' He also believed that the

scientific opportunity presenteda worldwide assay of a traceable elementwould
87
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ameliorate any concerns about the project. However, he was also an administrative
scientist who fully realized that the actual results and interpretations of the project might
still require classification.

Libby did not win the debate over the classification status of Sunshine. The
Project remained secret until 1956. In particular, the collection of human remains seemed

destined to prove an unsavory topic for public discussion. The AEC was already doing

what it could to minimize negative public reaction to falloutit did not need another
potential fallout hazard aired out in the public sphere. Pointing up the desire to keep
Sunshine secret, a code was devised for internally-distributed Project Sunshine Bulletins.

The measurements, reported in Sunshine Units, would be deliberately reported at values

lower than the actual values. The code consisted of the number by which one multiplied
the reported value to obtain the actual value.92 In addition, the distribution of Sunshine

reports was highly restricted on a "need-to-know" basis. Several prominent scientists
who attended the original Sunshine conference and who were well-placed with the AEC

were suggested for removal from the distribution list. The possible deletions included
Edward Teller, Shields Warren, Stafford Warren, Hans Bethe, Robert Bacher, and Robert

Oppenheimer. In addition, Claus suggested that the Navy Radiological Defense
Laboratory and the Department of State be taken off the list.93
The AEC solved the problem of collecting human specimens while keeping

Sunshine secretthey used a convenient and reasonably plausible cover story. The

"RAND Sunshine Project Conference, December 16, 17, 18 1953," p. 8.
Willard Libby, "Explanation of the Code to be Used in the Project Sunshine Bulletins," 3 September
1953, CIC, document no. NV0027896. The Sunshine Unit was based on the Sr90ICa discrimination ratio.
One Sunshine Unit equaled 2.2 disintegrations per minutes of 5r9° per gram of calcium. One Sunshine Unit
equaled 1/1000 of the MPC.
Walter Claus to Ernst H. Plesset, 25 September 1953, CIC document no. NV0027892.
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stated purpose for the collection of stiliborns was to survey the amount of naturally

present radium in bones. The natural radium burden of bones had already been the
subject of scientific investigation, primarily to determine if the radium burden could

account for the natural incidence of bone cancer. Though evidence already collected
made it probable that the natural radium burden was not a sufficient explanation, Dudley
noted that "there [were] still enough uncertainties regarding threshold dose for injury, in a

large population, to provide a plausible explanation for further surveys."94 The emphasis

on stillboms was explained by stating that since stillborns were easy to obtain in the
United States, the investigators wanted comparable foreign samples. Dudley that argued
that the cover story was justified because "We do expect to make radium analyses on a
least some of the samples, so our story is merely incomplete, not false."95 The remains
would be shipped directly to Libby's University of Chicago Laboratory "in order to keep
the AEC out of the picture where possible."96
The upcoming Castle test series, to be held in the Eniwetok atoll in March and
April of 1953, provided another sampling opportunity for Sunshine. Castle would come
to mean far much more to the Project Sunshine than an opportunity for worldwide

sampling. The widespread public concern that would follow the revelation of the
consequences of the Bravo shot of the Castle Series would give Project Sunshine even
greater importance, and catapult Libby into the public eye as the AEC' s foremost
spokesman on fallout.

94Robert A. Dudley to Gertrude Steel, 16 October 1953, CIC, document no. NV0027889.
Robert A. Dudley to Shields Warren, 26 October 1953, CIC, document no. NV0027886.
Robert A. Dudley to Gertrude Steel, 16 October 1953.
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Worldwide Fallout and the Beginnings of the Controversy
The U. S. test of a large-scale thermonuclear, or hydrogen, bomb in early 1954

spread radioactive fallout worldwide. Initially, public reaction to the test focused on the
sheer destructive force of the hydrogen bomb. AEC Chairman Lewis Strauss had
assuaged public fear of fallout from the test by categorically stating that the radioactive
dust from the test was harmless. Some geneticists took offense at Strauss' denial, as they

knew that any amount of radiation induced harmful genetic mutations. Though
geneticists did not believe genetic injury from current fallout levels was a serious
concern, they took the opportunity to alert the public to the importance of their genetic

heritage and the genetic hazards posed by radiation. Several physicians associated with
the AEC criticized the geneticists as being emotional, speculative, and irresponsible in

their public statements about genetic injury. Continued continental testing drew more
scientists into making public statements about radiation hazards, often motivated by what

they perceived as a distinct lack of candor on the part of the AEC. The growing concern
about fallout among scientists and the public led to the decision to form scientific
committees to evaluate available information on the biological effects of radiation. Thus
began not only a public debate over the uncertain scientific evidence on low-level
radiation effects, but also a debate over what constituted responsible public scientific
discussion of the subject.

The Success and Failure of Bravo
The first shot of the Castle test series in 1954 took everyone by surprise. Carried
out in the Bikini and Eniwetok atolls, the primary aim of the series was to test prototypes
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of thermonuclear weapons. The Mike shot of the 1952 Ivy test series had been the first

test of a thermonuclear device, and its ten megaton yield had provided impetus for the

re-evaluation of the Gabriel Program. However, Mike had been a purely experimental
device. Weighing in at an unwieldy 62 tons, Mike froze heavy hydrogen into a liquid
state, after which a conventional fission bomb fused it into helium, creating a fusion
bomb and the first thermonuclear explosion. The Bravo device was a "dry" bomb, which
used a fission bomb trigger to fuse tritium, or "heavy water," and lithium-6-deuteride.

The Bravo device was the first test of a deliverable thermonuclear weapon.' In addition
to its implications for the weapons development program, Bravo, like Mike, also led to a

re-evaluation and acceleration of ABC fallout studiesand provided the catalyst for the
public fallout controversy.

The test planners for Joint Task Force 7, the testing unit that would oversee the
Castle Operation, realized that there were numerous uncertainties in the test of any

nuclear device, particularly those with yields that were in the megaton range. Physician
Thomas Shipman, the test director, realized that megaton tests might produce fallout

patterns that were difficult to predict. However, he believed that the fallout from Bravo,
though it might prove "annoying" with regard to setting up the next test, would prove "in

all probability not.. .truly hazardous." Shipman qualified his statement by noting that
"some uncertainties in this matter still exist, and if all conditions were just right, it might
be possible to produce a situation more than annoying, at least in the immediate
vicinity."2

Howard Planck, a member of the Los Alamos Test Division, echoed

Shipman's considerations of the uncertainties involved more forcefully. The prediction
1
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of fallout from megaton devices was grounded primarily on theoretical models
without hard data to support them.

Despite the uncertainties in possible fallout patterns, the exclusion, or "danger,"
zone for the tests was purposely established to exclude several inhabited islands,
including Rongelap, Ailinginae, Rongerik, and Utrick, all due east of the Bikini atoll
where Bravo would be fired. Though theoretically it was possible that these islands could

receive significant fallout from the Bravo shotRongelap was only 120 miles east of
Bikinithe test planners hoped that weather conditions at the time of the shot would send
the fallout northeast, avoiding both the inhabited eastern islands and the westward
Enewetak atoll, where later shots in the series would be fired. The rational for shifting the
eastern boundary of the exclusion zone westward rested less on fallout concerns than with

public relations.3 A retrospective summary of the establishment of the exclusion area
described the rationale:

If the danger area had included such inhabited atolls as Rongelap and
Utirik it would have required that the natives of those atolls be evacuated
and that a permanent home be found for them elsewhere. Since the
Department of the Interior was not sympathetic to removing the natives,
having experienced considerable difficulty with the Bikini natives who
were relocated. . .it was finally decided to exclude Ailingnae [sic]from the
danger area."4
The Japanese fishing vessel, the

Fukuryu Maru,

or Lucky

Dragon,

was outside the

eastern edge of the exclusion zone at the time of the Bravo test, just north of Rongelap
atoll.

2Hacker Elements of Controversy, p. 133.
Hacker, Elements of Controversy, pp. 135-136; Hewlett and loll, Atoms for Peace and War, p. 171;
Miller, Under the Cloud, pp. 188-193.
4Leuer from V.G. Huston to K.D. Nichols, "Chronology of Establishment of Danger Area around Pacific
Proving Grounds," 30 March 1954, CIC, document no. NV0029635.
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Weather conditions for the shot, which were near perfect on Saturday, 27
February, had deteriorated by Sunday evening, the eve of the scheduled 1 March Bravo

test, and exhibited a trend towards an "unfavorable or marginal condition." Still, it
appeared that the weather would only prove significantly unfavorable for close-in fallout

and that any easterly fallout would take twelve to fifteen hours to reach any inhabited
islands, by which time most of the short-lived radioisotopes would have decayed to safe
levels. To guard against the vagaries of close-in fallout, the task force fleet was moved 20

miles further from ground, fifty miles away. At

6:45

am,just before dawn on Monday, 1

March, the Bravo shot was fired as planned.5
In terms of yield, the Bravo shot was a stunning success, perhaps too much so.
After noting that the test had been "highly successful," Major General Percy W.
Clarkson, the Commander of Joint Task Force 7, added, "The yield was much greater
than expected, which resulted in certain effects not foreseen."6 The explosive yield of
Bravo was estimated at approximately

15

megatons, two to three times the five to seven

megaton pre-shot prediction. Primary among the unforeseen effects referred to by
Clarkson was widespread, intense fallout. Task force ships assigned to retrieve the nine
man firing crew and collect scientific data soon after the shot were forced to turn back
thirty miles from ground zero. The radiation levels on the decks of the ships had reached
five roentgens per hour, and crewmen were restricted below decks for four hours until the

fallout had cooled.

With the ships prevented from entering the test area, the task force had to

undertake an emergency airborne rescue of the firing party. Stationed in a bunker on
Hacker, Elements of Controversy, p. 139; Hewlett and Holl, Atoms for Peace and War, p. 173.
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Eneu, an island in the Bikini atoll twenty miles from ground zero, the firing party had

noticed that radiation levels were rapidly rising. Outside the bunker, the radiation level
peaked at 65 roentgens per hour and accumulated fallout near the bunker totaled in excess

of 800 roentgens. Covered in makeshift protective suits of sheets and masking tape to
avoid direct contact with highly radioactive soil and dust, the men managed to reach the
landing pad and escape with minimal radiation exposure.7 Others were not quite as
lucky.

By early afternoon heavy radioactive fallout was settling over the inhabited

islands east of Bikini. The first report of high fallout levels came from the Air Force
weather station on Rongerik, which was manned by 28 personnel. At 3:00 pm, the station

sent a brief message stating that their Geiger counter readings were off the chartthe
counter's needle was pegged at the top of the scale, over 100 milliroentgens pre hour.

Initially, the task force staff paid little attention to the message. Apparently, the staff
believed that the men at Rongerik were simply reporting readings from the second, much

lighter, wave of fallout currently dusting the fleet.8 A second message from the weather
station personnel at 8:15 pm, noting that the Geiger counter reading was still off the scale

and had been since 2:50 pm, finally alerted the task force staff to the potential fallout

problem. However, they took no immediate action beyond advising that the personnel
remain indoors until further notice. Radiation safety officers would be sent to Rongerik
on the next scheduled supply flight at midmorning the next day. Alfred J. Breslin, part of

the New York Operations Office team that was responsible for long-range monitoring of
6llacker Elements of Controversy, p. 140.
7llacker, Elements of Controversy, pp. 140-141; Miller, Under the Cloud, pp.
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fallout during the tests, received the initial message from the Rongerik weather

station, and forwarded the information to Merril Eisenbud in New York. According to
Eisenbud, Breslin then tried to confirm the report by sending a surveillance flight over the

island. Such a response was called for by the Health and Safety Laboratory operational

procedures, which were approved by the Joint Task Force. However, Breslin was
prevented from using the radio facilities onboard the Estes, the task force ship to which he

was assigned for thirty hours.9
Once the radiation safety officers reached Rongerik, they immediately realized
that the island had received an "unanticipated" level of fallout that "made it imperative

that all personnel be evacuated as soon as possible."° The weather station personnel had
received from 40 to 98 roentgens of radiation during their time on the island. Initial
examinations of the men, carried out by Project 4.1, which would conduct the medical
evaluations of all individuals exposed to high levels of fallout from Bravo, concluded that

their condition was "excellent." However, they did have slightly depressed white blood

cell counts and a few men showed minor beta bums. However, "In view of the doses
received," the physicians concluded that "further exposure to radiation cannot be

justified. Based on the concept that the recovery period should correspond in time with
the permissible dose for accumulation; it is recommended that these patients not be
exposed to radiation except essential diagnostic or therapeutic radiation for a period of six

years." Evidently the delay in response by the task force to their messages created some

8Hacker Elements of Controversy, pp. 141-142; Hewlett and Holl, Atoms for Peace and War, p. 174.
9Hacker, Elements of Controversy, pp. 141-142; Eisenbud, An Environmental Odyssey, p. 83. Hacker
states that the Task Force Staff asked the NYOO team to conduct an airborne survey the next morning, but
does not note whether this was carried out.
'°Quoti in Hacker, Elements of Controversy, p. 142.
'
"Meeting at Kwajalien 14 March 1954," pp. 7-8, HREX Archives, document no. d1268001.
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ill feelings among the weather station personnel. A report on Project 4.1 noted
"General Clarkson and his [task force] staff had been reluctant to turn these individuals
[weather station personnel] over to the project because of their poor psychological
attitude and it was only at the insistence of the AEC that we were able to study these
men."2 Overall, eight percent of Task Force personnel received more than the 3.9 r limit

for exposure set by the AEC.'3
Fallout from Bravo descended upon most of the inhabited islands east of Bikini.
Eventually, 236 natives from the Rongelap, Ailinginae, and Utirik atolls were evacuated.

The Rongelapese had received the highest dosesestimated at 110-175 roentgens. The
Ailinginae received 60-70 roentgens, and the Utirik, 10-14 roentgens. Only the
Rongelapese developed signs of acute radiation illness, including nausea, skin burns, and

hair loss. Though the members of Project 4.1 determined that all the natives would
recover from the radiation sickness, "In view that of the fact that this group [the
Rongelapese] received a dose of radiation which was marginal from a standpoint of
severe morbidity.. . it is recommended that these patients not be exposed to radiation

except for essential diagnostic or therapeutic radiation for a period of eight years."4 In
addition to these exposures to external gamma rays, tests of urine samples taken from the

Rongelapese showed body burdens of strontium, barium, ruthenium, and plutonium
"somewhat below tolerance," ranging from one to 40 percent of the MPC. The total body

'2LE Browning, "Report of Temporary Duty, 6 March 1954-17 April 1954," PP. 3-4, HREX Archives,
document no. d107 1001. For other indications of the reactions of weather station personnel to their ordeal,
see Bernard J. O'Keefe, Nuclear Hostages (Boston: Houghton Mifflin, 1983).
'3Memorandum from E.C. Lavier and R.H. Maynard, "Final Rad-Safe Report, Operation Castle," 29
October 1954, HREX Archives, document no. d5977001.
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burden of iodine-13 1 for the natives was estimated at 1,650 times the tolerance level.5

Though measurements of the urine samples showed that the body burdens were below
tolerance values, some of the staff members believed that, accounting for decay between
exposure and measurement, there may have been "an initial body burden in the natives of

several times tolerance and possibly in the lethal range"though this was not a
unanimous opinion.'6

Responsibility for Bravo
Commentary on the final radiation safety report for Operation Castle pointed to
the overriding influence of operational considerations as the key factor in causing the
radiation problems that followed the Bravo shot. In his memorandum on the report, B.C.
Lavier, Chief of the U.S. Air Force Radiation Branch, simply noted, "Though not too
specific on this point, the Report seems to indicate that the failure to prognosticate
properly the fallout areas was due in large part to lack of precise weather forecasting,
specifically as regards the winds

aloft."7

R. H. Maynard, a captain in the U. S. Navy

Weapons Test Division, was much more direct with his assessment. Commenting on
Lavier' s statement about the lack of precise weather forecasting as the reason behind the
unpredicted fallout, Maynard stated: "The reason for lack of specific indication [about the

role of imprecise weather forecasting] is the report cannot state boldly some operational

considerations which cannot be admittedi.e., the command personnel knew that the

'5Browning, "Report of Temporary Duty, 6 March 1954-17 April 1954," p. 6.
'6BrOWmng "Report of Temporary Duty, 6 March 1954-17 April 1954," p. 5.
'7Lavier and Maynard, "Final Rad-Safe Report, Operation Castle," p. 2.
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weather situation was a deteriorating one. The decision was shaved too closely..."'8
The conclusion that poor weather forecasting had been at fault was apparently based on
the fact that wind direction changed ten degrees towards the direction of the inhabited

islands after the shot time. Maynard noted that this was "no revelation of poor
forecasting. The state of the art forecasting does not permit such refinement."9 The ten
degree wind shift was within the normal margin of error for such forecasts. Maynard
continued:

Had Bravo been fired on . . .upper wind patterns which were known to be
favorable, the native exposure episode would never have happened.
Decisions on whether to shoot or not were shaved at
GRENIHOUSEITEM, and the result was an exposure incidentbut you
can't find it in the reports. The weather forecasting for the degree required
prior to BRAVO was better than good. . . .Tremendous expenditures of

effortobtaining more synoptic weather datacould be recommended
but the answer to avoiding BRAVO episodes is in not shooting under
marginal conditions. There are firm wind patterns favorable for even
larger yields than CASTLE series, but man must wait for themthey are
random in occurrencewe saw them about twice a month at PPG
area.. ,,20
Though the task force staff did recognize the scientific uncertainties, both with respect to

yield estimates and meteorological considerations, operational considerations--taking
into account both the economic cost of delays and the importance of accelerated weapons

development for national security--sometimes tipped the scales in favor of firing shots

even under marginal weather conditions. Likewise, the political considerations involved
with the relocation of native inhabitants led to the delineation of a danger zone that, at
least in retrospect, was overly optimistic regarding likely fallout patterns, particularly
given the recognized uncertainties.
18

Lavier and Maynard, "Final Rad-Safe Report, Operation Castle," p. 4.
'9Lavier and Maynard, "Final Rad-Safe Report, Operation Castle," p. 4.
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AEC Chairman Lewis Strauss decided that no public mention of the
consequences of the Bravo test would be made unless the Commission was forced to do

so. Al Graves, of the Los Alamos Weapons Test Division, disagreed with Strauss.
Graves wrote to Kenneth D. Fields, the director of military application, expressing his
concern that silence on the part of the AEC and Task Force regarding the fallout
incidences might damage public relations by giving the impression that they were being

"furtive." Though Strauss' opinion carried the day, Graves proved to be correct in
believing that the fallout problems associated with Bravo would be impossible to hide.2'
On 11 March, Cincinnati newspapers carried stories about the radiation exposures in the

wake of Bravo. The stories were based on letters home sent by servicemen stationed on
Kwajalein, where the irradiated natives had been taken for examination. The letters
described the arrival of the Marshallese and noted that they were "suffering from various

burns and radioactivity." To calm public furor, the AEC issued a brief statement. The
statement said that 28 servicemen and 236 Marshallese had been unexpectedly exposed to

"some radioactivity" in the course of "routine atomic tests" and had been evacuated
"according to plan as a precautionary measure." The press release also stated that "There
were no burns. All are reported well." Fields wrote Clarkson that the statement would not

be elaborated upon.22

20Lavier and Maynard, "Final Rad-Safe Report, Operation Castle," p. 4.
21
Hacker, Elements of Controversy, pp. 145-146; TWX from A. C. Graves to K. D. Fields, "Subject:
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1954, CIC, document no. NV0126973; TWX from P. G. Clarkson to K. D. Fields, "Subject: News on First
Event was rendered Completely Unsensational; Unrealistic to Think News of Native Evacuation Will Not
Leak," 4 March 1954, CIC, document no. NVO1 16259; TWX from P. G. Clarkson to TWX to
CINCPACFLT, Pearl, et al, Subject: No Public Release Will Be Made in Regard to Fallout or Evacuation
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22
Hacker, Elements of Controversy, p. 147; Robert A. Divine, Blowing On the Wind: The Nuclear Test
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The AEC statement was, at best, disingenuous. The Castle series of
thermonuclear tests was far from routine, as evidenced by the strongly voiced concerns
about possible yields and fallout patterns by Shipman and Planck. In addition, describing

the evacuation of the servicemen and islanders as a precautionary measure that had been

part of the test plan all along was highly misleading. The evacuations were, in fact,
emergency measures and, given the delays in the evacuations, reactions to an initially

unrecognized emergency situation. The statement affirming the lack of burns and the
general weilness of the islanders, pointedly omitted the symptoms of radiation sickness
that they exhibited and the uncertainties as to what long term effects their exposures

might have. The AEC and task force had earlier been fortunate that a 15 March visit to
examine the post-Bravo situation by Senator Pastore and Representative Holifield of the
Joint Committee on Atomic Energy occurred before the islanders had exhibited any

obvious symptoms of radiation sickness. As Lewis E. Browning, an Army Surgeon
attached to Project 4.1, noted, "At [the time of Pastore' s and Holifield' 5] visit there had

been no epilation in the patients nor had any significant changes in the blood picture
developed. As a consequence the Senator received a much more optimistic impression of

the general condition of the natives than was justified in the light of later
developments."23

As with the reports of fallout from the Nevada tests, the AEC sought to

minimize any public perception of fallout as a possible hazard. In particular, they
focused on

detectable

change: either gross somatic effects typical of acute exposure, or

genetic effects that would show up as abnormalities in the first generation.

Browning, "Report of Temporary Duty, 6 March 1954-17 April 1954," p. 4.
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Within days of the AEC' s terse statement regarding the U.S. servicemen and
Marshallese islanders, the Commission faced an even more serious public relations

problem. On 14 March; the Japanese fishing vessel Fukuryu Maru returned to port. All

23 crew members showed the classic signs of radiation poisoning. The Fukuryu

Maru

had been trawling approximately 85 to 100 miles east of the Bikini atoll, northeast of

Rongelap and outside the revised exclusion zone for the Castle series. Fallout from
Bravo had rained down on the ship for four hours, coating it with a thin, ashen blanket of

radioactive material. The Japanese decided to return home without communicating any
hint of their experience, fearing that they might be detained if the Americans were alerted

to their presence near the proving grounds. They had received no warning of the
iniminent test. Pre-shot surveillance aircraft had not spotted the fishing vessel. Once the
task force staff realized the extent and direction of the fallout, more aircraft were sent out

to alert vessels that might be in its path. However, the high levels of atmospheric
radioactivity in the area at the time contaminated the aircraft so severely that they were
forced to turn back.24

Within days of learning of the exposure of the Japanese fishermen through the
Japanese press, representatives from the AEC, Air Force, and ABCC were dispatched to

examine the fishermen and provide medical assistance. The Japanese did not welcome
the visit of the American scientists and physicians. This was the second time that
Japanese citizens had been exposed to significant amounts of radiation from U. S. nuclear

weapons. The Japanese were suspicious of America motives and resented being what

24
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they considered "guinea pigs" for the U. S. scientific team. Despite the tensions, the
U. S. investigators were able to obtain urine samples from some of the fishermen and
were eventually allowed onto the Fukuryu Maru to measure residual radioactivity. After
his initial survey of the ship, Merril Eisenbud estimated the whole body gamma radiation

dose received by the fishermen at approximately 70r. However, the ship had been
washed upon return to port, eliminating much of the residual radioactivity. Given the
uncertainty about how much fallout the Fukuryu Maru had actually received, Eisenbud
qualified his estimate by noting that the actual dose could have been "2, 10, or even 100
times higher depending on how much ash was washed off the ship and at what time."25
Later studies estimated the first day dose to the fishermen at 50 to 200 roentgens and the

dose that they accumulated by the time they reached port at 130 to 450 roentgensa
possibly near lethal dose.26 A comment by Thomas Shipman, the chief of the Los
Alamos Health Division, revealed that there were dual motives behind U.S. interest in the

exposed crewmen. "They almost certainly represent the precise dose range in which we
are most keenly interested. We know that with smaller doses people will get well
anyway, and with larger doses they will die before we can do anything about it... .The
Japanese received about the doses where they might die without treatment but might be
saved under proper management."27 Though the U. S. certainly had a humanitarian
interest in aiding the exposed Japanese, the Japanese scientists were not entirely off base
in suspecting both scientific and public relations motives for the U. S. to examine the

exposed crewmen. One Japanese fisherman did eventually die. The primary cause was
25

Men-il Eisenbud to John Bugher, "Contamination of the Fukuryu Maru and Associated Problems in
Japan: Preliminary Report," undated (ca. April 1954), p. 10, HIREX Archives, document no. e2627001.
26Hacker Elements of Controversy, p. 151.
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serum hepatitis. However, Eisenbud later stated that "his death was clearly a
secondary result of his [radiation]

exposure."28

The fisherman likely had contracted

hepatitis due to the numerous blood transfusions required to treat his radiation sickness
(damaged bone marrow and reduced blood cell counts are some of the major effects of
acute radiation syndrome). In addition to the plight of the fishermen, the Japanese public
became alarmed about the possible contamination of tuna and other mainstays of the
Japanese diet.29

Bravo and the Public
The fate of the Fukuryu Maru and the possible contamination of tuna made
headlines in the United States.

jf

magazine ran a feature story about the incident. The

New York Times included a report about the continental fallout-monitoring network that
had been set up, without fanfare, in response to increasing levels of offsite radiation from

continental testing. On 24 March, the U. S. announced that it was expanding the
exclusion zone surrounding the Pacific Proving Ground. In an attempt to mollify fears
about contaminated tuna, the statement also said that the lingering radioactivity in the
ocean waters was harmless beyond a few miles from the site and that it would be

undetectable within 500 lies or lessthere was no danger of it encroaching on fishing
grounds closer to Japan. This assertion bothered Merril Eisenbud. Though he did not
believe that the levels of radioactivity posed a hazard to fish consumers, "the

Thomas Shipman to D. Froman, "Eisenbud Report Concerning Japanese Fishermen," 20 May 1954, CIC,
document no. NVO 123472.
28Eisenbud, An Environmental Odyssey, p. 95.
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radioactivity would certainly be

detectable."3°

On the same day, reporters at a

Presidential news conference pressed Eisenhower about the "uranium curtain of secrecy"

that surrounded the activities of the AEC, specifically with regard to the Bravo shot and
resulting fallout. Eisenhower replied that, "It is quite clear that this time something must
have happened that we have never experienced before, and must have surprised and
astonished scientists."31 Representative Chet Holifield, a member of the Joint Committee
on Atomic Energy (JCAE), characterized the test by saying "that you might say it was out

of control."32 Holifield offered reassurances that, though "out of control," the Bravo shot
had not caused any serious harm. Speaking before the House, he stated that neither the U.

S. military personnel nor the Marshallese Islanders had suffered any significant effects
from radiation exposure; however, as mentioned earlier, Holifield had seen the Islanders
before the visible signs of radiation injury became evident.33
On 31 March, Strauss appeared with President Eisenhower at a news conference
to set at ease American fears that nuclear weapons and nuclear weapons testing had

gotten out of control. Ironically, Strauss' appearance would have the opposite effect.
Regarding the Fukuryu Maru episode, Strauss was less than candid. He stated that the

fishing vessel had ignored AEC warnings and that it "must have been well within the

danger area." Both assertions were patently untrue. Strauss went on to say that the
fishermen's skin lesions "are believed to be due to the chemical activity of the converted

material in the coral, rather than to radioactivity." Eisenbud was particularly pained by

30Eisenbud, An Environmental Odyssey, p. 98.
'
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32Divine, Blowing on the Wind, p. 8.
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this last distortion, as he felt that it tended to undermine the already fragile relationship

between the U. S. and Japanese scientists who were assessing the irradiated fishermen.34
Though it apparently received little emphasis in the press at the time, a statemern
by Strauss concerning increased levels of fallout in the United States would provide one
of the catalysts for geneticists to speak out about the possible hazards of fallout. Megaton

shots such as Bravo injected radioactive debris into the stratosphere, where it became
globally dispersed, eventually mixing back into the troposphere and being deposited on
the ground, creating worldwide fallout. Strauss commented that "after every test we have

had and the Russian tests as well there is a small increase in natural 'background'
radiation in some localities within the continental United States," but it was "far below
levels which could be harmful in any way to human beings, animals, or crops."35 After
denying any hazards from fallout, Strauss touted the benefits reaped by the test shots of

the Castle series. He stated that the results from the first two test shots, particularly
Bravo, had fully realized the hopes of the scientists at Los Alamos and Livermore, and
that an "enormous potential has been added to our military posture by what we have

learned." Furthermore, "one important result of these hydrogen bomb developments has
been the enhancement of our military capability to the point where we should soon be
more free to increase out emphasis on the peaceful uses of atomic power.

,,36

Not only

was the hydrogen bomb important for national security, but its development indirectly
would hasten the peaceful uses of atomic energy.
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If Strauss' press briefing had been reassuring up to this point, the

question-and-answer session proved less so. When queried by a reporter about the
potential destructive power of a hydrogen bomb, Strauss replied: "Well, the nature of an
H-bomb.. .is that, in effect, it can be made as large as you wish, as large as the military

requirement demands, that is to say, an H-bomb can be made aslarge enough to take
out a city.. .to destroy a city." Shocked by the implied destructive force of the bomb, a
reporter asked Strauss if an H-bomb could destroy any city, even one the size of New

York. Strauss replied, "The metropolitan area, yes."37 Noting the surprised and alarmed
reaction of the reporters, Strauss cut off questioning, but his moment of candor was

already destined for the headlines. The New York Times reported Strauss' comments
under the headline C

'-I-Bomb Can Wipe Out Any City," and made little mention of

the fallout from Bravo or the resulting irradiated individuals.38 The destructive potential
of the hydrogen bomb temporarily shifted public attention away from issues of fallout.39
However, by the end of 1954, fallout would again be in the public eye.

Operation Candor
The AEC and other government agencies and departments, such as the State
Department, did not want public attention focused on fallout. However, their attempts to

limit discussion of the subject would have the opposite effect. Part of the impetus for
scientists not closely affiliated with the AEC to publicly discuss potential fallout hazards

was the perceivedand not entirely unjustlylack of candor by the AEC. The AEC had

Quoted in Divine, Blowing on the Wind, p. 13.
"H-Bomb Can Wipe Out Any City," New York Times, 1 April, 1954, 1.
39Divine, Blowing on the Wind, pp. 17-27; Hewlett and Holl, Atoms for Peace and War, pp. 181-182.
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an institutional culture of secrecy from its inception. The Atomic Energy Act of 1946

introduced unprecedented controls on information. Previously, the classification of
government information had required a carefully prescribed process to determine
precisely how the release of the information might compromise national security.

However, the 1946 act introduced the concept of "born classified." Whatever generally
available scientific information might be included in the report of data under question, it
could only be released if the AEC determined that it "may be published without adversely

affecting the common defense and security."40 As noted previously, in many cases the

AEC stretched this provision to, or beyond, its limit: restricting access to information
that did not directly compromise national security, but which might not be in the best

interests of the AEC to release. This often included biology and medicine research.
Preliminary guidelines for research areas that the AEC considered unclassified, or not
"born classified," included biological and medical research, but "excluding work with

elements of atomic number 90 and above"which encompassed the potentially
hazardous radioactive elements in fallout. The revised Atomic Energy Act of 1954 did
little to alter the AEC' s information policy. Given increasing demands by private
industry for information on nuclear technology, as well as the push for reactor

development generated by Eisenhower's 1954 "Atoms for Peace" speech, the 1954 Act
did allow private industries some access to restricted data provided that they maintain

AEC regulations on security classification. As an indication of how broadly the AEC's
"born classified" policy was applied, the AEC General Counsel argued in 1955 that
research carried out in a private laboratory with no connection or support from the AEC
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or government might still be subject to the ABC's information policy if the research
would have been considered classified or restricted in an AEC institution.41
Both the press and scientists had long suffered under the ABC's restrictive
information policy. Though the AEC often complained about wildly inaccurate stories in

the press, it had a long history of withholding information, particularly in the early days

of continental testing. A 1951 Time article entitled "AEC vs. the Reporters," described
newsmen's attempts to cover an atomic test. After being told that the AEC would not
issue any information, "Reporters were thrown back on guesses, suspicions, and plain

washroom rumors." After several Congressmen who attended the test mentioned that
animal experiments had been involved, the press queried the AEC about the species of

animals involved. The AEC reportedly responded: "If they were Army animals, it didn't
know, if they were AEC animals, they couldn't

say."42

According to Ralph Lapp, a

physicist who had held several positions in the atomic energy establishment in the 1940s-

--including Assistant Director of the Metallurgical Laboratory, scientific advisor to the
War Department General Staff, and Acting Head of the Nuclear Physics Branch of the
Office of Naval Research--many reporters viewed the AEC's Office of Public

Information as a "joke." He believed that the AEC's tight restrictions of the release of
information afforded non-AEC scientists more press coverage than they might otherwise
have enjoyed, as newsmen looked to them for scientific information regarding atomic
issues.43

Many scientists had developed an equally strong perception of the AEC as
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exceptionally secretive, a negative view strengthened by the continued imposition of
loyalty oaths, including travel restrictions on prominent scientists such as Linus Pauling,
who presumably were perceived as not loyal enough.
The development and testing of thermonuclear weapons was a particularly

sensitive subject for the AEC. In 1950, early in the hydrogen bomb program, the AEC
directed its managers to avoid releasing any technical information, which, even if by
itself would be considered unclassified, "may be interpreted by virtue of the project
connection of the speaker as reflecting on the Commission's Program with respect to
thermonuclear weapons."

Shortly after its implementation, the AEC used this policy to

censor an article on thermonuclear fusion for Scientific American by Hans Bethe.
Though advanced reviewers, including scientists working for the AEC, had determined
that the article did not compromise national security, the AEC had Scientific American
literally stop the presses (the printing had already begun) so that the AEC might identify
objectionable material and have it excised. The publisher, George Piel, later recalled that
"We acceded to ritual cuts made by AEC agents on security grounds and published a

mutilated article." In addition, the AEC supervised the destruction of over 3,000 copies
of the original issue that had already been printed, as well as the type and printing
plates.45

As the culmination of the AEC's thermonuclear weapons program, the Bravo

shot had raised issues regarding information policy about both thermonuclear weapons
and fallout.

Quoted in Foerstel, Secret Science, p. 79.
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The successful test of the Mike experimental thermonuclear device in 1952,
with its implications for almost limitless destructive power, had prompted the State
Department to convene a panel to reassess the arms race and possible disarmament

strategies. Chaired by J. Robert Oppenheimer, one of the main recommendations of the

panel was "a policy of candor towards the American peopleand at least equally toward

its own elected representatives and responsible officialsin presenting the meaning of
the arms race."46 The aim of what came to be dubbed Operation Candor was to regularly

inform the American people about the effects of nuclear weapons, in particular the huge
leap in destructive capability that came with the advent of thermonuclear weapons and, in

general terms, of the ever-increasing nuclear stockpile. Eisenhower was favorably
inclined towards the proposal though overall scientists and statesmen were deeply

divided on the issue. Those in favor of Candor believed that the public was mature
enough to handle the information without undue panic and that "there is much greater
danger from lethargy on the people's part than panic." The backing of an informed public

would be necessary to move away from the ever-escalating build-up based on massive

retaliation to a more flexible position. The government would move away from its
"negative" information policy of only releasing information when pressed to and instead
regularly inform the public about the arms race and its implications. At one point, a series

of television specials based on round-table discussions between Eisenhower and his
Cabinet members was

discussed.47

There was equally strong opposition to Operation Candor, perhaps most notably

by AEC Chairman Strauss. Those opposing Operation Candor feared that a frank
46
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discussion of the arms race might lead to a public panic "and clamor that something be

done, however foolish." Perhaps more importantly, especially for the extremely
secunty-conscious Strauss, those opposing Candor believed that informing the American

public might also inform U.S. enemies to an unwise degree. In July 1953, Robert
Oppenheimer published an article in Foreign Affairs calling for increased candor by the
government on the bomb. One month later, the successful test of a Soviet thermonuclear

device, Joe 4, dealt a crippling blow to the Candor initiative. The revelation of Soviet
thermonuclear capability made protecting those atomic secrets the U.S. still had all the
more important.48 Operation Candor did not entirely die, though its central premise of

informing the public in order to slow the arms race metamorphosed into a propaganda

opportunity. Candor became Operation Wheaties, named for the breakfast discussions
during which it was developed. Wheaties proposed that the U.S. and Soviet Union turn
over quantities of weapons-grade fissionable material to an international agency in order
to limit bomb production (and under the assumption that the U.S. had greater quantities of

such material on hand, putting the Soviets at a disadvantage). Wheaties eventually
became Atoms for Peace, Eisenhower's proposal to promote peaceful uses of atomic
energy and draw attention away from its destructive

capabilities.49

Though Bravo did not lead to the renewal of Operation Candor in its original
form, it did raise the issue of s test ban, which was suggested to Eisenhower by AEC

Commissioner Thomas E. Murray. In addition, it also raised the issue of candor by the
government and the AEC with regard to the possible effects of fallout. The widespread

47Herken, Cardinal Choices, pp. 58-71; Hewlett and Holl, Atoms for Peace and War, pp. 43-49,60.
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fallout from Bravo caught the attention of the Federal Civil Defense Administration
(FCDA), which recognized that the dramatic increase in both blast and fallout effects

would require new criteria for civil defense against nuclear attack. A committee
organized by the Armed Forces Special Weapons Project to evaluate the Bravo data,
advised the FCDA that a 15-megaton bomb might create heavy fallout over a 5,000
square mile area in sufficient quantities to be "hazardous to human

life."50

A panel of the

JCAE, that had clashed repeatedly with the AEC over the AEC ' s less-than-timely release

of information, was also apprised of the possible fallout effects and inquired how much
information had been made public.5' The public itself was interested in acquiring more

information on the subject. A 2 October 1953 poll by George Gallup's American
Institute of Public Opinion found that 65% of people surveyed thought that U.S. defense
officials should provide more information about the destructiveness of the atom and
hydrogen bombs.52

The AEC Fallout Statement
Given the mounting pressure to make an official and full statement on fallout,
Strauss and Kenneth Nichols, as well as Paul C. Foster, an assistant to Nichols on

international issues, became convinced that such a statement was necessary. Both John
Bugher and Willard Libby had already addressed the fallout issue in speeches. Both
admitted that an all-out thermonuclear war could cause serious radiological damage.
However, both also emphasized that fallout from weapons tests was nothing to be
°
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concerned about. Libby reiterated the stock comparison that fallout comprised only a
fraction of the natural background radiation, while Bugher stressed that fallout "would
have to be increased by the order of one million times before an increased frequency of

bone sarcoma from this cause could be recognized." Once again the emphasis was on
detectable effects, although in an unusual move, Bugher at least addressed the issue of
delayed effects such as cancer. Others had already begun to make the fallout issue public.

Winston Churchill expressed concern that the accumulated radioactivity from tests might

have detrimental effects on the earth's atmosphere for 5,000 years, and Ralph Lapp
published the first of several articles on fallout in the Bulletin of the Atomic Scientists.
These articles initially focused on the necessity of releasing fallout data for civil defense
planning, which could in turn provide the American public with a risk assessment.
In the meantime, more and more respected politicians and scientists made
alarming statements about the consequences fallout, and Strauss reemphasized the need

for an authoritative statement on the subject by the AEC. The lack of such a statement
would inevitably lead to accusations that the AEC was concealing information on fallout
while simultaneously reassuring the American public that weapons testing did not pose a

public health risk. Given the importance of public relations for continued testing,
particularly at the continental test site, providing information on fallout was becoming
important for national security. Secretary of State John Foster Dulles and State
Department official Herbert Hoover, Jr. still opposed the release of a fallout statement,

arguing that it would damage international relations. In particular, they feared that
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revelations about the extent of hydrogen bomb fallout might upset negotiations to
persuade NATO to accept the re-armed West Germany into the alliance (as well as
stimulate German pacifism), further strain relationships with Japan, move more foreign
countries towards a neutralist stance in the Cold War, and provide fodder for enemy

propaganda. Eventually, foreign developments forced the administration's hand in
allowing the release of the fallout report. The British military was required by law to
report to Parliament on the state of the nation's defenses by 15 February and Churchill
had directed that the report discuss the effects of thermonuclear weapons. Faced with the
American public receiving their first detailed and authoritative information from a

foreign power, the AEC statement, "The Effects of High Yield Nuclear Detonations,"
was approved for release for 15

February.54

Unfortunately for the AEC, on 10 February, the Bulletin of the Atomic Scientists

had published another article by Ralph Lapp, "Radioactive Fall-out." Using Japanese
reports on their analysis of the fallout recovered from the Fukuryu

Maru,

"limited public

releases of the Atomic Energy Commission," information from Libby's speech, and
unclassified basic physics, Lapp had rather accurately described the possible pattern and

effects of fallout from a hydrogen bomb. He described the Bravo explosion as a
"quantum jump" in instruments of war that "dwarfed" the significance of the Hiroshima
and Nagasaki bombs, noting that a single hydrogen, or "super," bomb could "contaminate

a state the size of Maryland with lethal radioactivity." A persistent critic of the AEC's
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restrictive information policy, Lapp called upon the AEC to release authentic data in
order to provide a sound basis for planning civil defense.55
The AEC fallout statement, published after Lapp' s article, emerged as another

carefully-worded attempt to put a reassuring spin on possible fallout effects. As U. S.
News & World Report noted in the introduction to its reprint of the text of the statement,
"There's comfort in this official report on the effect of H-bomb

explosions."56

In a slight

departure from its usual justification for nuclear testingimproving the nuclear arsenal
in the interests of national security--the AEC focused on the importance of fallout from

tests as a research tool to improve civil defense measures: "It should be noted that if we
had not conducted the full-scale thermonuclear tests mentioned above, we would have
been in ignorance of the extent of the effects of radioactive fall-out and, therefore, we
would have been much more vulnerable to the dangers from fall-out in the event an
enemy should resort to radiological warfare against us."57 The report continually
emphasized that "many simply and highly effective precautionary measures" would

significantly reduce any ill effects in the case of fallout from a nuclear war. When
discussing possible radiological casualties from such a war, it emphasized that its rather
large, worst-case estimates only applied to "persons in the area who did not take

protective measures" [original italics]. The report was typically sanguine about fallout
effects from current weapons testing.
Regarding the continental tests, the AEC statement assured the public that, "The
hazard had been successfully confined to the controlled area of the Test Site. The highest

Ralph Lapp, "Radioactive Fall-out," Bulletin of the Atomic Scientists 11:1(1955), pp. 45-51, p. 45.
"H-bomb TestsThey're Safe," U.S. News &World Report, 25 February 1955, pp. 128-134, p. 128.
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actual dose of radiation to an off-site community has been estimated to be less than

one third of the greatest amount

of radiation

which atomic energy workers are permitted

to receive each year under the Atomic Energy Commission's conservative safely

standards" [original italics] ? This statement completely disregarded the estimates of
possible doses received by off-site communities in the June 1953 Semiannual Report to
the Joint Committee as well as the later calculations by List. The report also purported to

address internal radiation effects. However, it never mentioned what the actual effects

might becancer or life-shortening, for example. Regarding strontium-90, it stated that
"Since the start of nuclear tests, careful measurements have been made of the distribution

of radiostrontium over the earth's surface..." As Project Sunshine did not begin until the
summer of 1953, two years after continental testing began, this statement was patently
untrue, but it gave the impression that the AEC had always had in mind, and carefully

controlled for, all possible fallout effects. In addition to reassuring the public at every
opportunity that all possible aspects of test fallout were insignificant risks to public
health, the AEC trotted out its stock comparisons and analogies to further minimize any

perception of risk. In its perplexing discussion of internal radiation effects sans any
mention of a specific risk, it reminded people radiation was not a "new phenomenon"
created by nuclear weapons, but a simple fact of life: "Since the beginning of life, living
things have constantly been exposed constantly to radiation from natural sources." In the
summary, the AEC did admit that, "Inevitably, a certain element of risk is involved in the

testing of nuclear weapons, just as there is some risk in manufacturing conventional
explosives or in transporting inflammable substances such as oil or gasoline on our streets

58
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and highways."59 These comparisons of radiation with natural background radiation

and with more conventional and accepted risks formed the cornerstone of the AEC's

public education campaign on falloutat least for somatic risks. The AEC sought to
counter the popular conception of radiation as a qualitatively new risk.
Regarding the genetic effects of radiation, the AEC attempted--and largely

succeeded--in saying something without saying anything. The information presented in
the three short paragraphs can easily be summed up. The first simply concluded that "At
out present state of genetic knowledge, there is a rather wide range of admissible opinion

on this subject." The report then, in a stunning non-sequitur, reassured the public that
they have received only one tenth of a roentgen in additional radiation from testing to
date_1/lOOth of the dose received from natural radiation and equivalent to that received

from a chest x-ray. This information was completely dissociated from any mention of

genetic effects. The possible implications of this dose for an increase in mutationsas
might be adduced from the tenants of the "linear, cumulative, deleterious" dictumwas
not brought up. The genetics section concluded by assuring the public that, "The medical
and biological advisors of the Atomic Energy Commission believe that the small amount

of additional exposure of the general population of the United States will not seriously
affect the genetic constitution of human beings."6° The generally assumed threshold for

somatic effects allowed the AEC to be reassuring regarding somatic injury, while the
assumed lack of a threshold for genetic injury made it a subject best avoided as much as
possible.

"H-bomb TestsThey're Safe,"p. 134.
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Geneticists and the Hazards of Worldwide Fallout
Of the increasing number of public statements by scientists about possible fallout

effects, AEC Chairman Lewis Strauss was most concerned with the statements by the

Caltech geneticist Alfred H. Sturtevant. Though Muller had long warned of the possible
deleterious genetic consequences of radiation exposure, Sturtevant' s remarks, coming

only a few months after the extent of fallout from the Bravo shot became public
knowledge, might well be regarded as the opening salvo in geneticists' efforts to
publicize fallout risks. In his 22 June 1954 Presidential Address to the Pacific Division of

American Association for the Advancement of Science (AAAS) entitled "Social
Implications of the Genetics of Man," Sturtevant warned of the potential consequences of

radioactive fallout. While the genetic consequences of irradiation had previously been of
significance because of incautious medical uses of x-rays and radium, the development of

the hydrogen bomb made the issue "of far more general importance." Before discussing
inherited genetic effects, Sturtevant made a short aside about the implications of genetic
damage for somatic effects in order to cast doubt about the existence of a threshold for

somatic, as well as genetic damage. Noting that the "permissible' dose, to which it is
supposedly safe to expose individuals" was calculated based on the assumption of a

threshold for all somatic damage, Sturtevant cautioned: "But there is reason to suppose
that gene mutations, induced in an exposed individual, also constitute a hazard to that

individualespecially in an increase in the probability of the development of malignant
growths, perhaps years after the exposure."61 Sturtev ant brought the somatic mutation

hypothesis into the debate, and subtly argued that not all somatic effects would not be
60"H-mb TestsThey're Safe,"p 134.
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immediately detectable, in contrast to the AEC emphasis on detectable injury in
almost all cases.

Sturtevant then discussed inherited genetic injury, or mutation in the germ-line

cells. While admitting that it was not possible to quantify precisely the genetic damage
caused by radiation, particularly for humans, Sturtevant did assert that "there are certain
general qualitative results that have now been so widely confirmed that we may
confidently assert that they apply to all higher organisms, including man."62 The
qualitative results were, in essence, the linear, cumulative, deleterious view of genetic
damage that was accepted by the overwhelming majority of geneticists. The AEC fallout

report's statement that there was "a rather wide range of admissible opinion" on the
subject of genetic damage might well be true regarding quantitative estimates, but it
failed to reflect the general unanimity of geneticists on key qualitative points. Basing his
consideration of the effects of an increased mutation rate on Muller's concept of "genetic

death," Sturtevant stated that "every new bomb exploded, since its radioactive products
are widely dispersed over the earth, will result in an increase in this harvest of defective
individuals." Clearly, the dispersal of radioactivity over the earth, which led to increased
radiation exposure of millions of people, raised the genetic stakes beyond the more

limited medical exposuresand such worldwide dispersal was the direct result of the
hydrogen bomb. However, Sturtevant did not claim that the possible genetic damage
outweighed the national security benefits accrued from nuclear testing. The impetus
behind his statements was Strauss' May 31st comment that the increased radiation
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exposure from fallout was "far below levels which could be harmful in any way to

human beings." He concluded:
Every geneticist familiar with the facts knows that any level whatever is
certain to be at least genetically harmful to humnbeings when it is
applied to most or all the inhabitants of the e
.1 egret that an official in
a position of such responsibility should have st ed that there is no
biological hazard from low doses of high-energy radiation."63
Sturtevant's took the position that all competent geneticists were unified in their support
of qualitative principles that led to the inescapable conclusion that any increase in

radiation would have a proportionally harmful effect on humans. However, his
statements were not aimed towards supporting a test ban or even a reduction in the

number of tests. Rather, his concern was more of a disciplinary concern: that genetic
risks were not properly understood or reported by non-geneticists.
Sturtevant had sent an advance copy of his address to Strauss, who in turn passed

it on to Bugher. Bugher sent Sturtevant a scathing critique. Bugher readily admitted that
experimental results in genetics supported the five principles outlining the "linear,

cumulative, deleterious" dictum. However, there was little else with which he agreed.
He stated that Sturtevant's contention that the bombs exploded to date "would result in
the production of numerous defective individuals" as "absurd and scientifically

indefensible." He also believed that Sturtevant's disagreement with Strauss's statement
that current increases in radiation levels were far below levels that could cause any harm
to people. Bugher asserted that this statement "cannot be accepted as soundly

based"adding a mention of the AEC comparison between the small increase in
radiation levels caused by testing and its relative insignificance when compared to the
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natural background radioactivity.TM In conclusion he chastised Sturtevant for his

comments:

Fundamentally, our problems of human adjustment to a world in which
nuclear energy is widely utilized are serious enough without exaggerating
the significance of vanishingly small probabilities. In dealing with a
subject as sensitive as the atomic weapons program, I feel that the issues
involved are of such fundamental importance that sweeping
generalizations which are not derived from food observations should
receive a prompt and effective correction."6
At the 1955 Congressional Civil Defense Hearings, Bugher would be even more
disdainful of Sturtevant' s conclusions. "Such distortions of emphasis," Bugher stated,
"are comparable to contending that meteors from outer space are a major threat to safety
on our highways and threaten the survival of all motorists." Though the vehemence of

Bugher's rebuttals of Sturtevant may have been influenced by his position as a

highly-placed AEC officialmuch of the rhetoric he used was identical with the stock
responses issued by AEC officials in generalhis reaction to Sturtevant also accurately
reflected disciplinary differences between geneticists and other biological scientists in the

1950sparticularly those in fields related to medicine. Despite an increasing
rapprochement between medical researchers and geneticists in the postwar era, there
were still significant differences in their conceptual approaches to radiation injury.

Radiation and Information
Not surprisingly, most geneticists had a favorable opinion of Sturtevant article.
Upon seeing the reprint of Sturtevant' speech in Science, Muller quickly wrote a letter of
John C. Bugher to A.H. Sturtevant, 16 June 1954, Caltech Archives, Sturtevant Papers, box 11, folder 1.
65John C. Bugher to A.H. Sturtevant, 16 June 1954.
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appreciation to Sturtevant, assuring him that, "As you must surely know, I thoroughly

agree with every part of it."67 Muller noted that one of the difficulties in presenting the
genetic view of radiation hazards was the tendency for accounts in the popular press "to
picture the genetic effects of radiation on man as meaning that we shall have an obvious
increase in freaks and monsters... .It is so easy to convince people that nothing is wrong if

you show them that these extremists were wrong. Hence their error should be
emphasized by the people who wish to get the truth of the matter across."68 The AEC's
emphasis on the high probability of a lack of detectable genetic effects played upon this
distinction between first generation gross abnormalities and the long-term genetic effects

of recessive mutations, which were of great concern to most geneticists. The AEC was
thus able to be technically correct, yet reassuring by alluding to only those effects that
might be easily detectable.

After seeing an article by Sturtevant in Caltech's Engineering and Science, a
follow-up to his Science article, Curt Stern, who had conducted some of the Manhattan

Project genetics experiments, wrote "I thought it was excellent. I wish I had written it!
My only question is whether you did not underestimate the fallout radiation. ..I am glad
you have started the discussion."69 Geneticists' approval of Sturtevant's public

statements was matched by their growing disapproval and suspicions of the AEC and
radiation policy-making bodies with respect to genetic injury from radiation. In his letter
to Sturtevant, Muller had also discussed his membership in the National Committee on
United States Senate Armed Forces Committee, Civil Defense Program, Hearings before the
Subcommittee on Security of the Senate Armed Services Committee, 84th Congress, Session
(Washington D.C.: U.S. Government Printing Office, 1955), p. 317.
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Radiation Protection's Subcommittee on External Dose. This subcommittee was
headed by Failla, who had turned the tide against consideration of genetic effects in the

NCRP's 1940 report on radiation standards. Muller was frustrated that the NCRP was
still resistant to factoring genetic considerations into the recommendations for
permissible exposure:

We were supposed to draw up recommendations with regard to
permissible dose, but I soon found that they were unwilling to let
considerations regarding effects on later generations influence their
estimates of what the permissible dose should be. There is however an
international group [the ICRP], whose meeting I attended in September
1952, which, largely through the reasonable attitude of the British and
Scandinavian members, is much more disposed to be influenced by
genetic considerations.. .unless they [the NCRP] show a changed attitude
regarding genetic considerations I shall propose to Stern [who was also on
the subcommittee] that we both resign, rather than appear to endorse the
committee's verdict.7°
As implied by Muller, most western countries weremore conservative in setting radiation

standards than the United States. Though the U. S. participated in several tripartite
conferences on permissible dose with Canada and Britain, the U. S. delegates almost
always thought that their counterparts were over-cautious and worked to find a basis for

justifying higher exposures. In his letter to Sturtevant, Stem confirmed Muller's account
of their experiences on the NCRP subcommittee, taking an even more conservative view

than Muller on permissible exposure: "In the U.S. Bureau of Standards report [the
Bureau published the NCRP reports] Muller was willing to permit 20 or 30r total dose for

a population. I was shocked and wanted it down to about 3r if applied to millions. The
outcome was that the whole section on this topic was dropped...',71 Despite the vast
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expansion of the uses of radioactivity in the postwar era, the NCRP still attempted to
exclude considerations of genetic effects from consideration in setting radiation
standards; moreover, the Committee was still primarily composed of representatives
from industry and medicine for whom low standards would cause practical and economic
difficulties.

Though publicly the ABC did what it could to downplay genetic effects, it had in
fact requested that Muller be added to the subconimittee, as concerns about genetic
effects seemed more and more likely to influence public relations, which were key to

continued weapons testing. The AEC and the NCRP formed an informal alliance in the

postwar era. The connection with the ABC protected the NCRP's independence from
other scientific institutions that began to acquire an interest in radiation standards, such as

the National Research Council. The ABC, in turn, was able to appear more objective by

entrusting questions of radiation standards to independent expertsthough in fact the

ABC was well represented on NCRP committees.72 The ABC generally, but unofficially,
followed the NCRP recommendations. The reason for the informal status of the ABC's
adoption of NCRP standards was two-fold. Though by 1952, the internal implementation
of NCRP standards in ABC facilities was "mandatory," their unofficial standing made

them easy to alter. In addition, formal enaction of the standards would have required
publication in the Federal Register, where they would become part of the Code of Federal

Regulations. As per the procedures required by the Administrative Procedure Act, those
standards would then be opened to public

comment.73
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The NCRP also moved towards increased confidentiality. At the beginning of
its 1947 deliberations on exposure levels, the Committee had been eager to distribute
preliminary drafts of a revised report on external exposure limits. However, as
disagreement among Committee members on the extent of revisions increased, the desire

to distribute waned. In 1948, the editor of Nucleonics suggested that the NCRP allow
publication of a preliminary report in the journal, suggesting that because the question of
radiation exposure limits was a problem that affected the "public domain," a discussion

of the limits should be publicized in the scientific literature. Lauriston Taylor, the
chairman of the NCRP, turned down this request, and Failla advised the members of his
subcommittee on external radiation not to distribute drafts outside the subcommittee.74
Public exposure of uncertainties or disagreements might well undermine public

credibility. The appearance of unanimity was needed. Neither the AEC nor the
physicians and physicists associated with the NCRP welcomed public discussion of
radiation standards.

Geneticists' doubts about the candor of the AEC were mirrored by a growing

number of scientists and members of the press. Ralph Lapp, who had left the Office of
Naval Research in 1950 to start a science writing and lecturing service, was a persistent
critic of the AEC information policies. According to Lapp, information releases were de
facto governed by the five AEC Commissioners, rather than its official Division of Public

and Technical Information. One target for Lapp's criticism was the 1950 AEC
publication The Effects of Atomic Weapons, a 456-page tome on weapons effects that
was produced partially in response to pressure from civil defense officials (and which

74Whittemore, "National Committee on Radiation Protection," pp. 341-346.
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Zelle had successfully altered with regard to its genetics section). Instead of receiving

a lucid description of the possible damage that might be caused by atomic weapons, the
Civil Defense Administration and the American Public received a highly technical
Handbuch der Physik.

Lapp's characterization of this moment of AEC candor was that

"In effect, the AEC had handed a book on quantum theory to a youngster in knee
britches."75

Lapp's discussion of the technical, yet confusing, candor of The Effects of
Atomic Weapons raised an important aspect of the AEC's information policy. The AEC
was not involved in a whole-scale cover-up of atomic information. Indeed, many within
the AEC full-well felt the need to communicate some information to the public. John
Bugher wrote to Failla that, "The Commission believes that the matter of placing the facts

before the public is one of considerable urgency. Continued, deliberate, and unfounded
statements with respect to Commission policy not only undermine confidence in the
commission's program but seriously jeopardize the prestige of the United States abroad
at a time when we can least afford it."76 Despite Bugher's apparently sincere desire to

disseminate informationalbeit for the good of Commission and country, without
mention of public healthLapp could still call for the AEC to adopt "an attitude of
candor in dealing with the radioactive problem, which is of concern to all mankind... It is

not too late to undo some of the damage to our national prestige which we have suffered

on the charge of 'radioactive recklessness."77

Ralph Lapp, "Atomic Candor," Bulletin of the Atomic Scientists, 10:8 (1954), pp. 312-314, 336, p. 313.
C. Bugher to 0. Failla, 25 March 1955, CIC, document no. NVO7I 1924.
77Lapp, "Atomic Candor," p. 336.
76

199

In part, the AEC's public relations problems stemmed from its desire to only
report wholly reassuring statements in a form easily digestible to the public and press,
while reporting a fuller version of the facts only in a highly technical and dispersed form.

This attitude is perhaps best summed up by the comments of the geneticist R.A. Brink
after a visit to the Oak Ridge National Laboratory. Writing to Sturtevant shortly after his
speech on the "Social Implications of the Genetics of Man," Brink said:
There was a hint in some of the things said by the biology group at Oak
Ridge with whom I visited briefly last week that as a matter of policy AEC
officially denies all public statements that its experimental work
[presumably referring primarily to bomb tests] involves any hazards,
genetic or otherwise, to the population at large. The policy does not
extend to purely technical reports published in scientific journals; but
announcements which the man on the street may see seemingly run
counter to the Commission's official line and hence are categorically
denied.78

This approach to information releases allowed the AEC to maintain some veracity within

the scientific community as well as satisfy the publication needs and scientific ideology

of scientists at its facilities. At the same time, this approach effectively hid such
information from the public at large and allowed its more reassuring statements and

interpretations to come to the fore. Unfortunately for the AEC, a growing number of
scientists, in this instance geneticists, felt a need to bring many of the scientific issues

underlying weapons testing to the public's attention. They were not willing to let a full
exposition of the scientific facts remain within the scientific community.
In September 1955, two members of the press, Nat S. Finney and Gene Marine,
published articles in the Bulletin of the Atomic Scientists providing their perspective on

the AEC's information policy. Finney opened his article, "A Reporter's Views on

78R. A. Brink to A. H. Sturtevant, 28 June 1954, Caltech Archives, Sturtevant Papers, box 11, folder 1.

Is

Atomic Secrecy," by calling for the AEC to shift from a negative to a positive

information policy. "Negative" described the AEC's policy of not volunteering
information, but waiting until pressure fromthe public or other branches of government
tipped the scales in favor of doing so. This information policy reflected the "born
classified" concept created with the passage of the 1946 Atomic Energy Act. One simple
illustration of this conceptual shift was the drafting of the McMahon Bill, which passed

into law as the Atomic Energy Act. During its consideration of the bill, the Special
Senate Subcommittee on Atomic Energy changed the title of the ninth section, regarding

information policy, from "Dissemination of Information" to "Control of Information."
The Committee also eliminated the distinction between basic scientific research and the
applied technical applications of that research, lumping them both into the "born
classified" restricted data category. In effect, the modified McMahon Bill abandoned the
free dissemination of scientific information as a guiding principle and replaced it with a
system of controls that vested the power and initiative to release information with the
AEC.79 In

Finney's eyes, the AEC had shown very liule initiative in releasing

information: "The AEC has been reluctant to respond to questions and disposed to limit
its responsiveness to the immediate subject of inquiry when it does

The AEC

embodied a new approach to classifying scientific knowledge, which blurred, if not

erased, the distinction between basic and applied research. Atomic energy research was
perceived as so central to national security that it seemed prudent and necessary to limit

79Foerstel, Secret Science, pp. 63-664.
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access such research. The traditional scientific norm of free dissemination of
information no longer held in some cases.

While not absolving the AEC from its deficient information policy, Finney noted
that the AEC's information policy owed much to its "bad parents," the military and "high
science." He stated that "neither science nor the military profession has a very kindly eye
for the kind of outgoing information policy that creates a basis for popular understanding

for broad public policy."8' In Finney's experience, most scientists looked with disfavor
on popularization of their work. The articles published in scientific journals could not be
easily read or understood by the ordinary citizen, and scientists themselves were "hostile
to the translation of their writings into prose that captures the general interest and excites
general

understanding."82

Scientists' resistance to popularizing their work was in

harmony with the AEC's information policy. As Finney put it: "Scientific publication is
encouraged there [at the AECI, but subsequent popularization is less favorably
regarded."83

Traditional scientific ideology, with its pejorative view of popularization,

not only supported ABC policy in practice, but also provided a justification for the ABC's

"negative" information policy. According to this way of thinking, the presentation of
uncertain science to the lay public might well do more harm than good. Certain scientific
questions should be settled within the scientific community before being presented to the
public at large.

Gene Marine, whose article followed immediately after Finney's, agreed with
Finney's characterization of the ABC's negative information policy, but focused his
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commentary on the investigative press rather than the AEC or the scientific

community. While asserting that the ABC's information policies were "hopelessly
confused, muddled, and irresponsible," Marine added that the press needed to take
responsibility for the dissemination of atomic information itself "in

spite ofthe

AEC."84

The press should stop "meekly" accepting AEC and Department of Defense news

releases generated by the "government's official news-stifflers" and take a more
aggressive approach in ferreting out and reporting the facts in a way amenable to public
consumption. Likewise, the press should use the fruits of their investigative research and

self-education on atomic matters to serve as a corrective for ABC rhetoric: "When the
AEC comes up with one of its press releases about chest x-rays is it too much to expect
somebody

in the information field to make clear, somehow, the inappropriate nature of

the analogy?"85 Instead of getting to the bottom of the issues, the press blithely gave

equal and unconsidered weight to the various viewpoints, further confusing the public.
To illustrate his position, Marine used his perception of the public reaction to the debate
over genetic hazards:

Imagine my milk-wagon driver reading "news" stories on the genetics
argument... .Dr. Sturtevant says we're getting into trouble. Pauling,
Soddy, and others say we should quit [atomic testing]. Muller says, in
effect, wait and see. The ABC loftily snorts, "Nonsense!" Somebody else
says, "Nobody knows"; one group clamors for a study, another group
starts one. Governor Johnson of Colorado says (with unconscious
accuracy), "Somebody has a screw loose somewhere."86
Though the blame and/or the responsibility for correcting the lack of digestible public
information on fallout was laid at the feet of various groups, there seemed to be a general
Gene Marine, "Atoms in the Press," Bulletin of the Atomic Scientists, 11:7 (1955), pp. 250-252, 264, p.
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consensus that a serious information gap existed. Increasingly, scientists were
attempting to fill that gap.

Tempest in a Teapot
The next Nevada test series, Operation Teapot, sparked more public comment by
scientists despite the fact that the series was probably the most cautiously executed

continental test series to date. Strict weather conditions were imposed for the firing of
any shot that might pose a fallout hazard. As a result, there were numerous delays in the
series, including embarrassing delays of over a week for an open shot for which

numerous observers, including foreign observers, were invited. In addition, the AEC
formally enlisted the help of the Public Health Service (PHS) for radiation monitoring

activities. A few dozen PHS personnel had assisted radiation monitoring for
Upshot-Knothole. Any records of radiation levels that they collected had immediately
been turned over to the AEC as classified information. For Teapot, over 60 PHS
personnel were formally employed as radiation monitors for off-site monitoring. They
were allowed to discuss the radiation readings with residents, helping to assure nearby
communities that the AEC was not concealing information. The AEC had also conducted

an intensive public relations campaign before the test series. Thousands of copies of a
pamphlet entitled "Atomic Effects in the Nevada Test Site Region" were distributed to

people living in the vicinity of the test site. In the pamphlet, a letter from James E.
Reeves, the test director, told the public: "I want you to know that in the forthcoming
series, as has been true in the past, each shot is justified by national and international
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security need and that none will be fired unless there is adequate assurance of public
safety."87 The AEC also produced several short films, such as "Atom Tests in Nevada,"
that were widely shown in communities surrounding the test site.
Though publicly reassuring about the Nevada tests, members of the JCAE and
AEC were still concerned about the possible consequences of continental testing. Shortly

after the beginning of the Teapot series, Senator Clinton Anderson, Chairman of the
JCAE, wrote to Strauss requesting another re-evaluation of the use of the Nevada Test
Site, questioning whether it should be used for any shots other than very small yield
devices.88

Strauss said that if it were solely up to him, he would fire the largest two shots

of the series at the Pacific Proving Grounds. Anderson's letter and the implication of the
possibility of significant restrictions on the use of the Nevada site disturbed Libby, who
commented to Strauss "I noted, Lewis, that you had cooled off about the Nevada site."
Strauss replied that his "coolness" had begun in the spring of 1953, in the aftermath of the

Upshot-Knothole series. Strauss' concern centered on public relations hazards of tests
rather than public health hazards, which he and most others in the upper echelons of the

AEC did not believe were significant, if they existed at all. John Bugher noted that "St.
George is hypertensified [sic]. It is not a question of health or safety with St. George but
a question of public relations." Strauss admitted that, "I have always been frightened that

something would happen which would set us back with the public for a long period of
time." Libby asserted that "people have got to learn to live with the facts of life. And part

of the facts of life are fallout." Though he did not want to expose the public to fallout
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from tests, he expressed the concern that more delays would create "awfully serious
problems."89

Given the already increased safety guidelines for decisions on when to fire

the shots as well as increased public relations, the Commissioners decided to proceed
with the rest of the Teapot series, while telling Anderson that the AEC continued to
review the use of the Nevada Test Site and consider alternative locations.
Though there was off-site fallout from the Teapot series, it was not nearly as
heavy as that caused by the previous Upshot-Knothole tests. However, perhaps due to the

increased public attention given fallout after Bravo, the fallout that did occur provoked

negative press. Shortly after the Turk shot, which had a yield of 43 kilotons and spread
fallout over much of the Midwest, including Colorado, the New York Times reported a
warning about fallout by two scientists at the University of Colorado, Ray R. Lanier of
the University's radiology department and Theodore Puck, a cytologist and head of the

biophysics department. Originally a physical chemist, Puck had become interested in
biological problems during his tenure in Max Delbruck's laboratory. Puck played a part
in revolutionizing somatic cell genetics by developing a method for maintaining and

cloning mammalian cells in vitro. This advance allowed mammalian cells to be handled
like microorganisms and allowed quantitative genetic and chromosomal analyses of
mammalian cells, which had implications for cancer research and the testing of the

somatic mutation hypothesis for carcinogenesis. Puck's early experiments used HeLa
cells, a cell line developed from a human carcinoma in 1951 (the cell line was named
HeLa after Henrietta Lacks, from whose tumor the cells were originally

derived).90

89Quoted in Miller, Under the Cloud, pp. 216-217; Hewlett and Holl, Atoms for Peace and War, pp.
289-291; Minutes of AEC Meeting no. 1062,23 February 1955, CIC document no. NV0318191;
9°Hsu, Human and Mammalian Cytogenetics, pp. 33-35.
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Lanier stated that, "For the first time in the history of Nevada tests, the upsurge in
radioactivity measured here within a matter of hours after the tests has become

appreciable." Puck cautioned that airborne radioactive dust posed a problem because it
could be inhaled and come into direct contact with lung tissue.91 Old patterns nonetheless

continued. An AEC spokesman responded that, "there is no concern for the public and
that the radioactivity is inconsequential."
Puck and Lanier's statements of fallout raised the ire of Colorado governor Edwin

C. Johnson. "The two scientists should be arrested," Johnson stated: "Someone has a
screw loose someplace and I intend to find out about it. The statements are part of an
organized fright campaign."92 The next day, the New York Times reported that after
conferring with Colorado University president Ward Darley and Leo Szilard, Puck and

Lanier held their original position, though somewhat restated. The radioactive fallout
"might" be harmless, as there was no proven threshold for radiation damage. The article
also reported Governor Johnson's opinion that they should be arrested. After Johnson
added the charge that the two scientists were participating in a "well-planned attack upon

the atomic defenses of the U. S.," Lanier and Puck responded that they did not believe
that the testing of atomic weapons should be stopped because of possible health hazards.
They stated that their point was to increase recognition and investigation of these hazards.

Though they regretted the confusion caused by their public statements, they remained
strongly in favor of public discussion of the possible problems resulting from fallout.93
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Colorado University president Dudley concluded a statement in support of the
scientists in a similar vein:
The concern which seems to have resulted from news stories based on this
meeting illustrates the difficulty of communicating scientific information
with all its qualifications and limitations. Yet in democracy it is essential
that the general public have basic scientific information if they are to
understand the decisions arrived at by their government.94

The comments by Johnson and Dudley underscored some of the questions scientists
faced in the fallout debate: Was discussion of possible fallout hazards harmful to national
security and thus irresponsible, or did scientists have a responsibility to inform the public,

regardless of the implications?
Though scientists realized the difficulties in accurately transmitting scientific
information to the general public, fallout prompted more and more of them to address the
scientific issues related to fallout publicly. Just as scientific ideology and practice offered
some support to the AEC' s preference for releasing scientific information on fallout in

scientific journals and minimizing public discussion of the issues, scientific ideology,
with its principle of free dissemination of information, supported the call some scientists
felt to speak out about possible fallout hazards.
In a sense, the question was to what extent the free dissemination of scientific

information should extend beyond the scientific community. Bugher viewed Puck and
Lanier's experience with publicly discussion fallout hazards as a cautionary tale. He
wrote of the affair: "There is no doubt that he [Puck] received some unfavorable and
unfair criticism. There is also no doubt that by his expedition into publicity he has caused

considerable unfavorable and unfair criticism to us. This is part of the penalty of
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engaging in public controversy, and I believe that he is quite aware of that."95 The
scientists who chose to speak out were, or soon became aware of, the possible
repercussions. Linus Pauling, who became one of the leading public figures in the fallout

debate, had previously suffered travel restrictions due to his outspokenness on
loyalty-oath issues. Herman Muller's genetic warnings would also cause himself trouble.

Searching for Scientific Authority
Part of the difficulty in making public scientific statements about fallout was the

uncertainty of scientific information on the biological effects of radiation. Seeking to
provide a firmer foundation for discussion, some scientists called for the formation of

expert panels to investigate the questions surrounding radiation effects. In early March
1955, the Federation of American Scientists (FAS) formed after the war from a coalition

of atomic scientists groups associated with the Manhattan Project laboratories, publicly
issued a proposal for the formation of a United Nations scientific committee to study the
effects of hydrogen bomb tests, namely fallout.96 Revealing the effect the worldwide
fallout from megaton tests such as Bravo had on the scientists' perceptions of the
importance of speaking out, the FAS recommended an international panel because "bomb

tests now have such scope that their effects cannot be restricted within national
boundaries, and that the lives of other people in other countries are endangered."97 The

"Statement from Ward Dudley, President, University of Colorado," 13 March 1955, NARA II, AEC,
Libby Papers, box 9, folder Sunshine miscellaneous.
John C. Bugher to Willard F. Libby, 12 May 1955, NARA II, AEC, Libby Papers, box 9, folder Sunshine
miscellaneous.
Wang, American Science in an Age of Anxiety, pp. 18-19; Smith, A Peril and a Hope, 229-230.
97Federation of American Scientists, Information Bulletin no. 60, "FAS Proposal for a U.N. Commission
to Study the Problem of H-Bomb Tests, 8 March 1955, NARA II, AEC, Libby Papers, box 9, folder
Sunshine miscellaneous, p. 1.
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FAS statement also mentioned the possibility of genetic injury as an impetus for its

proposal. It summed up the various warnings of Sturtevant and Muller that there had
already been a significant increase in harmful mutations due to testing, and added a brief

gloss on Muller's concept of genetic death. The statement also mentioned the AEC's
assertion that genetic hazards from fallout were insignificant and that the only evidence
the AEC had presented for this assertion in their fallout report was that the total average

individual exposure from tests to date was less than a chest x-ray. The FAS concluded
that: "We must leave this problem to experts in the field."98 For the FAS the solution to
the fallout problem "depends for its success largely on scientific agreement on technical

problems involving measurable phenomena. We can have somewhat greater assurance
that such agreement can be reached than in the more diffuse area of political

relations."99

The FAS had confidence that expert scientific opinion would prove to be a key part of the

solution to the fallout problem. However, their prediction that scientific agreement
would occur before political agreement was far from the case. The controversy would
reach closure through politics amidst continued scientific uncertainty
Writing to Libby, M. Stanley Livingston, an MiT physicist and the head of an
FAS panel on fallout, addressed the growing public concern with fallout and the FAS
proposal. He cited the case of Minett Crandall, editor of the Tonopah Times-Financier of

Tonopah, Nevada. Crandall had contacted him regarding her inability to find "suitable
authorities" on the significance of possible fallout hazards. Dissatisfied with AEC

responses, she had sought out other scientists to fill her in on the possible dangersa

98Feratjon of American Scientists, Information Bulletin no. 60, p. 2.
Federation of American Scientists, Information Bulletin no. 60, p.4.
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common practice by the press according to Finney' s article on atomic

secrecy.1°°

Livingston suggested that the AEC expand its public information program in Nevada.

Livingston's mention of Crandall's case caused discussion within the AEC's
Division of Information Services. Richard G. Elliot, the Director of the Joint Office of
Test Information for the Nevada Proving Grounds, represented Crandall as someone
predisposed to be highly critical of the AEC and fallout, noting that she was "deeply

fearful of 'radiation'." Upon talking with Crandall on the phone, he discovered that her
call to Livingston had not been due to unresponsiveness on the part of the AEC, but rather

to a radio-broadcast statement by Livingston on fallout hazards that related them to

cancer. The AEC, in turn, had assured her that there was no such danger. She called
Livingston to determine if "there was a difference of opinion among scientists about the
effects of radiation fallout."0' The public disagreement among scientists on the effects of

fallout was a major impetus for the formation of an expert scientific committee. As the
NCRP and other radiation protection organizations had long realized, the appearance of
unanimity was important for maintaining expert authority.
The bulk of Livingston's letter to Libby concerned the FAS proposal for an

international scientific committee on fallout effects. Soon after the FAS made its
proposal public, representatives from the State Department had contacted Livingston and

showed some interest in it, mentioning that they had requested that the AEC evaluate the

proposal. Evidently, Livingston had written the AEC to spur them to address the issue.
Though Livingston mentioned that such a study might aid in promoting world peace, he
'°°M. Stanley Livingston to Willard Libby, 31 March 1955, NARA II, AEC, Libby Papers, box 9, folder
Sunshine miscellaneous; Finney, "A Reporter's Views on Atomic Secrecy, pp. 248-249.
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emphasized political reasons for supporting an U. N. study. Noting that there was a
growing antagonism towards the United States regarding hydrogen bomb tests that the
FAS found "invalid and disturbing," Livingston suggested that:
The F.A.S. proposal for an international study of the potential dangers
would put the authority of scientists throughout the world behind the
decision. It could therefore no longer be said that the United States was
acting unilaterally or selfishly in continuing bomb tests. In this way it
seems possible that out test program could continue without the
unfortunate political consequences which might otherwise accrue.102
Livingston went on to compare the possible benefits of such a study with those that might

be realized through Eisenhower's Atoms for Peace program.
Though scientists generally favored the FAS proposal, the AEC and Department
of Defense were adamantly opposed to an international study. In his reply to Livingston,
Libby brushed aside the FAS proposal. In a draft of the letter, Libby emphasized that the
AEC was encouraging a study by the National Academy of Sciences (NAS) to which the

AEC would offer all of its information relevant to possible fallout effects, while noting

that the AEC's studies on the issue "are by no means minor and it is on these and the
results published in the open literature that we base our statement that our weapons tests
have in no way endangered human lives or life of any sort, whether by somatic or genetic
effects."103

Libby believed that the NAS study, in concert with a similar study

undertaken by the British Medical Research Council, would accomplish the aims of the

U. N. study proposed by the FAS. In the final version of the letter to Livingston, Libby

'°' Richard G. Elliott to Morse Salisbury, 5 April 1955, NARA II, AEC, Libby Papers, box 9, folder
Sunshine miscellaneous.
'°2M Stanley Livingston to Willard Libby, 31 March 1955.
'°3Draft of letter from Willard F. Libby to M. Stanley Livingston, 8 April 1955, NARA 11, AEC, Libby
Papers, box 9, folder Sunshine miscellaneous.

altered the wording of the above quotation in a manner consistent with the AEC's
rhetorical approach to discussions of fallout:
Our own studies in the matter are by no means minor, and it is on these and
other results published in the open literature that we have based our
statements that the distant fallout from past and present weapons
detonations does not endanger human life and has not resulted in
detectable injury of either somatic or genetic nature [italics added]."°4

The key change in phrasing was the addition of "detectable" to modify injury rather than

categorically denying that "any sort" of injury could have occurred. The addition of the
word "detectable," as noted before, allowed the AEC to issue reassuring statements that
gave the initial impression that fallout caused no injury. At approximately the same time

as Libby's missive, Bugher candidly described the basis of the AEC's phraseology: "as
with any injurious or toxic agent there are levels at which one cannot detect a significant

change or injury. We simply say that if injury occurs, our methods are insufficiently
sensitive to detect it," adding that any change that might occur in an individual as a result

of fallout "would be unlikely to have any important consequence to him."105 This caveat
within the context of apparent denials of any harmful effects, aroused the ire of

geneticists in much the same way that Strauss' categorical denial of fallout effects had
spurred Sturtevant to action. However, geneticists freely admitted that detectable genetic
effects in human populations would be difficult, if not impossible to discern, at least until
many generations had passed. One of their challenges was to impress upon the public the

significance of a undetectable risk.

'° Willard F. Libby to M. Stanley Livingston, 9 April 1955, NARA II, AEC, Libby Papers, box 9, folder
Sunshine miscellaneous.
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Though Livingston had tried to sell Libby on the FAS proposal by raising
possible political benefits, the political aspects of an international study were primary
reasons that the AEC and Department of defense opposed such a study. An international
study might damage U.S. national interests by providing propaganda opportunities for the

Soviets, strengthen links between scientific questions about fallout and disarmament, or

otherwise add pressure for the U. S. to restrict weapons tests. Herbert B. Loper, the
Assistant Secretary of Defense for Atomic Energy, opposed an international study
because it "would place the United States in a position of recognizing and admitting that
its weapons tests are endangering the lives and health of peoples of other countries."06
Though Loper did not think that tests actually posed a public health hazard, widespread
discussion of such possibility of such hazards might serve to undermine U.S. interests.
The military and AEC preferred to keep the discussion as limited as possible.
However, other political forces in the government were moving to initiate an

international study. The worldwide fallout from the Bravo shot had spread worldwide
concern as well. Both Sweden and India indicated that they might call for a U. N. study
of fallout. In an effort to take the lead (and public credit) for an international
investigation of fallout effects as well as divert attention from U. S. testing to testing by
Britain and the Soviet Union, the U. S. Ambassador to the U. N., Henry Cabot Lodge,
successfully lobbied the Eisenhower administration for support for an international study.

On 13 April, Senator Frederick C. Payne introduced a resolution calling for the U. S. to
initiate the call for a U. N. study on radiation effects, which received immediate

'°6Quoted in Hewlett and Ho!!, Atoms for Peace and War, p. 291.
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endorsement by the

FAS.'°7

Despite the growing inevitability of an international

study, the military and the AEC continued to voice their opposition. One common fear of

Strauss and others in opposition was that a U. N. committee might wind up as a "packed

jury" by including scientists from Soviet block and "neutral" or pacifistic countries such
as Sweden and India, or, as the New York Times reported it, "might be frustrated by
world politics."08
However, the AEC and the military realized that the movement for a fallout study

"has gained such momentum and joined by recognized and well-meaning scientists (as
well as others with different motives), that it is unlikely that such a study can be resisted
without it appearing that this Government fears such a study." Admiral Foster, in
consultation with Libby, asked the Advisory Committee of Biology and Medicine to

consider the problem of an international study, should one become unavoidable. In
particular, he wanted recommendations on existing international bodies besides the U. N.

that might be "utilized" for such a study, such as the International Congress of Scientific
Unions.'°9

The AEC and military still continued to emphasize that the currently

conceived NAS committee was still the most suitable and desirable option. Harold
Brown, writing for Admiral Foster, stressed:

a complete study could be undertaken only by having access to data
now classified. However true this may be, it would not appear advisable,
in my opinion, to offer this as a reason for opposing a study by an
international group. Our reasons would be misinterpreted and the
classification angle would be confused and appear inconsistent with out

107

Hewlett and Ho!!, Atoms for Peace and War, pp. 291-293; Divine, Blowing on the Wind, pp. 63-64;
"Proposal before Senate for UN Study of A-Effects," F.A.S. Newsletterl8 April 1955, p. 1, NARA II,
AEC, Libby Papers, box 9, folder Sunshine miscellaneous.
and Hol!, Atoms for Peace and War, p. 292; "A.E.C. Sees No Peril in Nevada Fallout."
'°
Brown to John C. Bugher, "Study of Radiation Effects by an International Group," 19 April
1955, NARA II, AEC, Libby Papers, box 9, folder Sunshine miscellaneous.

215

public statements that all information on the treatment of radiation injury is
unclassified and has been placed in the public domain."0
Brown's statement, particularly his emphasis on the fact that it was "all information on
treatment," rather than all information on radiation injury and fallout in general, that had
been released, raised further questions about the AEC' s information policy. Presumably,

the NAS panel was to be given access to restricted information, though non-AEC
scientists became concerned that, as a result, only those who had Q-clearance might be
asked to serve.
To assuage fears that the U. N. panel would be a kangaroo court bent on vilifying
fallout, Lodge reassured Strauss that the U. N. committee would offer no judgment on the

significance of fallout hazards or recommendations on radiation standards. The only goal
of the U. N. committee would be the collection and dissemination of the available data on

the biological effects of radiation without offering evaluations of the implications. The
facts, contended Lodge, would speak for themselves. In early December, the U. N.
formed the Scientific Committee on Radiation. Though the Committee would make
yearly progress reports, it was not asked to submit a full report until 1 July 1958. Thus,
while reaching some degree of conciliation with the international community, the U.S.
bought an additional two and a half years before the U. N. report could cause problems
for nuclear testing. The American delegate to the U. N. Committee was Shields Warren,
former director of the AEC's Division of Biology and Medicine, and a firm believer that

fallout posed an insignificant public health risk."

"°Iloward Brown to John C. Bugher, "Study of Radiation Effects by an International Group,"
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The AEC's attempts to minimize any discussion of fallout and deny any

harmful effects disturbed many scientists. Geneticists, in particular, took umbrage with
the AEC's high-handed approach. They were instrumental in raising public awareness of

radiation hazards. They would also play a key role in the first authoritative scientific
statement on radiation effects, the NAS Committee report. In the time between the
AEC's February 1955 public statement of fallout and the first meetings of the NAS

Committee later that year, geneticists' mistrust of the AEC increased. Their belief that
genetic hazards were being swept under the rug led them to go beyond the simple
collection and dissemination of information proposed for the U.N. Committee.
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Genetic Certainties, Genetic Doubts
In the months between the publication of Sturtevant's article and the beginning of

the NAS Committee meetings, geneticists' dissatisfaction with the AEC's handling of
fallout and the genetic hazards of radiation increased. In part, this was due to the
publication of an article in the news magazine, U. S. News & World Report, which was

widely perceived as based on AEC sources. The AEC's suppression of the presentation
of a paper on the genetic effects of radiation by Muller at an international conference also

evoked a strong negative reaction from the genetics community and the scientific

community at large. In addition to differences of opinion between geneticists and the
AEC on the significance of genetic hazards, there was a wide gulf between geneticists'

and physicians' views about genetic hazards. In contrast to geneticist's warnings, most
medical and industrial journals either ignored the possible genetic effects of radiation or

presented reassuring views of the subject. Several physicians associated with the AEC
went beyond simply minimizing genetic hazards and attacked geneticists for being

irresponsibly speculative and unscientific. Geneticists' battles with the AEC and the
medical community helped to shape the attitude with which they approached the NAS
Conmiittee report.

Facts about Fallout
Already displeased with public statements by the AEC on the genetic effects of
fallout, a 25 March 1955 article in U. S. News & World Report provided another
flashpoint for geneticists' concerns that the genetic risks of radiation exposure were not

being properly communicated to the public. Entitled "The Facts about A-Bomb
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'Fall-out': Not a Word of Truth in Scare Stories over Tests," the article stated that the

proper facts were received from "official sources"presumably the AEC. Under the
subtitle "The strongest fear," the article presented what it implied was the official view on

possible genetic damage. Regarding the ABCC study, on which it correctly asserted that

the AEC had spent "much money," the article stated: "The assumption had been that a
number of 'monsters,' or at least an increase in abnormalities, would appear, particularly
in the offspring of two survivors who had both been subjected to near-lethal doses of

radioactivity. To many scientists' surprise, there has been no measurable increase in
mutations among the 50,000 children tested." As mentioned earlier, geneticists actually
assumed that the ABCC study was not likely to detect a significant increase in mutations

in the first-generation offspring of the Hiroshima and Nagasaki survivors. The article
went on to note briefly that experiments with irradiated animals had shown an increase in

mutations, sometimes reducing population growth by 10 percent, though most mutations
were minor, such as changes in eye color. More emphasis was placed on the experiments

of geneticist Bruce Wallace, though he was not named. Wallace was a geneticist at the
Long Island Biological Laboratory at Cold Spring Harbor and worked closely with
Dobzhansky, sharing his view, in opposition to Muller, that an increase in mutations

would not necessarily be deleterious to the population. Regarding Wallace's
experiments, U. S. News & World Report declared:
Most startling of the genetic experiments thus far has been one in which a
strain of fruit flies has gone through 128 generations in highly radioactive
containers, to see what a massive dose of roentgens might produce. The
result: a much improved race of fruit flies with more vigor, hardiness,
resistance to disease, better reproductive capacity.
What does it all mean? Apparently the fear that people are
supersensitive to mutations through radioactivity is not borne out. There
is agreement among geneticists working with AEC that some changes in
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future generations are likely to result only from heavy or successive doses.
There is some disagreement now on whether those changes will be for
better or worse, if they occur. Some experts believe that mutations usually
work out in the end to improve species.'
The article not only minimized any possible deleterious genetic effects from fallout, it
implied that there was a good, or perhaps equal chance that irradiation would be

genetically beneficial. In addition, it made dubious claims about what geneticists
thought. For example, it is hard to fathom which AEC geneticist would agree that only
heavy or successive doses were likely to cause changes in future generations.
Upon seeing the U. S. News & World Report article, Earl Green, the staff
geneticist of the Division of Biology and Medicine, realized the reaction that article's
near-categorical denial of genetic injury would evoke from many of his colleagues.
Within days of publication, he sent a memorandum to Bugher outlining the inaccuracies
in the story and warning that the article would generate criticism of the AEC. Though the

article did not represent an official AEC statement, the general perception was that the
article was based on information provided by the AEC and/or factually cleared by them.2

Regarding the article's statement that "There isn't a word of truth in scare stories about
this country's atomic tests. . . ," Green commented that geneticists were concerned both by
exaggerated statements about genetics effects as well as "apparent denial of any genetic

effect attributed to officials of the AEC." Green affirmed the likelihood of the linear
hypothesis, that the long-range genetic effect was, in all probability, proportional to the

dose of radiation, and stated, "It appears, therefore, that there is 'a word of truth' in the

"The Facts about A-Bomb 'Fall-out': Not a Word of Truth in Scare Stories over Tests," U.S. News &
World Report, 38:12 (1955), PP. 21-26, pp. 25-26.
2
L. Green, "Public Aspects of Genetics in Period from March 1954 to April 1955," 23 April 1955,
CIC, document no. NV0701981, P. 18; "Perils of Radioactivity," Science, 192:5 (1955), p. 52-53.
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scare

stories."3

Green also pointed out the flaws in the article's description of the

ABCC study. The sample size of children of survivors whom had received near-lethal
radiation doses tested for genetic mutations was not 50,000, but rather approximately

1,000. Aside from this factual error, Green believed the passage was seriously
misleading because it implied that there were no mutations of any sort in the survivor's
children. In particular, a study of the first generation offspring would not detect recessive
autosomal

mutations.4

Finally, regarding the description of Wallace's experiment, Green

commented that he "did not know of any experiment which yielded this as an admissible

interpretation." Green urged that the AEC admit that there was some genetic risk,
proportional to dose, with exposure to radiation, but that this risk must be balanced
against other risks to which the public was routinely subjected.
Green was correct in his prediction that the U. S. News & World Report article
would cause geneticists to voice their concern about the AEC' s attitude towards genetic

damage. The publication of the article set off a flurry of correspondence between
geneticists and the AEC and among themselves. An examination of this correspondence
reveals several fundamental areas of agreement among geneticists, mainly pertaining to
the linear, cumulative, deleterious dictum, as well as areas of disagreement. Curt Stern's
28 March letter criticizing "The Facts about A-Bomb 'Fall-out" was the first to reach the

AEC. Only three months before, Stern had published a short editorial in Science that
minimized the significance of genetic damage from bomb testing. On an absolute level,
Stern stated that it was probably true that some of the mutations induced by fallout would

have detrimental effects on individuals in future generations. However, when discussing
Green, "Public Aspects of Genetics in Period from March 1954 to April 1955," p. 18.
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the induction of mutations by fallout on a relative level, Stem then fell back to familiar
AEC analogies to minimize the genetic risk, or at least place it within an already accepted

risk category, such as driving an automobile, or wastes produced by the chemical

industry. He noted that natural radiation had induced, and would continue to induce
mutations and that the number induced by fallout to date was a small fraction of the
spontaneous rate. He also mentioned that the genetic risk to the individual, now or in the
future, must be weighed against possible benefits of testing. Though a nuclear war could
pose a serious genetic risk (among many other risks), "tests themselves pose much lesser
problems."5 Although Stem did expect some genetic damage from tests, he did not seem
to think that current levels of fallout represented a significant risk or that testing should be
stopped.

Though Stem did not believe that fallout was not currently causing significant
genetic injury, he believed that the U. S. News & World Report article and, by

implication, the AEC had gone too far. In his 28 March letter, Stem took Bugher to task
regarding the genetic aspects of the article. Though Stem realized that the article was a
journalistic piece, not an official AEC statement, he, like most others, seemed under the

impression that the article had been at least vetted by the AEC. Stern believed that the
article's extreme emphasis on the insignificance of fallout hazards, quite similar to the
AEC's own public statements, would "increase the existing distrust.. .particularly by
scientists of the intrinsic reliability of public information coming from the AEC," and

Green, "Public Aspects of Genetics in Period from March 1954 to April 1955," p. 19
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provoke some scientists to overemphasize the possible hazards in reaction. Stem took
issue with three statements made in the article:

New experiments show present 'fall-out' level cannot harm future
generations.
There is agreement among geneticists working with AEC that some
changes in future generations are likely to result only from heave [sic] or
successive doses.
.there is no evidence that 'fall-out' from test explosions now carried out
by the U.S. will be hazardous either to people now, to future
generations.
Stem was certain that all geneticists would deny the truth of the first two statements and
that the last had "everything against it," with only the qualifying phrase about the lack of

evidence in humans preventing it from being completely false. Stem was also incensed
by the presentation of Wallace's experiments. He characterized the description as
"absolutely and intentionally misleading" for not mentioning that any improvement in the

race of flies was due to extremely heavy selection pressure that killed many of the

fliesselection pressure that certainly would not be tolerated in a human population.
Stem believed that it was the duty of the AEC to correct the statements in the article and
inform the public of all relevant, non-classified information regarding possible fallout

hazards. Though Stem had been far from alarmist in his previous discussion of genetic
risk from irradiation, he, like Sturtevant, was disturbed by apparent blanket denials of the
AEC and others regarding genetic injury.

Muller was not far behind Stem in writing the AEC. Rather than discuss
particular false or misleading statements in the article, Muller simply mailed two chapters

6
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of radiation genetics that he had recently written for Radiation Biology, a two-volume
tome edited by Alexander Hollaender, the Director of the Biology Division at Oak Ridge

National Laboratory. In the letter, Muller's greatest concern was over the statement that
geneticists were divided in their opinions on whether irradiation of a population would

have a deleterious or beneficial effect. He particularly objected to the interpretation

given Wallace's experiment.7 Muller's concern reflected his ongoing scientific debate
with Dobzhansky over the question of whether homozygous or heterozygous gene loci

were optimal, also known as the classical/balance controversy. If homozygotes were
fitter than heterozygotes, and thus selected for, then increased variance, or mutation,

would likely be deleterious to the population. If the reverse were true, then increased
variation was not necessarily deleterious.8 Muller concluded:
In view of the lack of ambiguity of the whole situation, i.e., in view of
clear evidence that the vast majority of induced mutations have eventually
to be eliminated and are therefore damaging, it may be that the Atomic
Energy Commission will wish to clear up the misconceptions created by
the recently publicized statements above referred to. This should greatly
strengthen its position with the public in the A. E. C.'s legitimate
insistence that the genetic damage produced by fall-outs from the nuclear
test explosions to date has been very minor in comparison with the value
of the results obtained.9
Like Stem, Muller did not seek a cessation of tests on the grounds of genetic injury or
otherwise. Rather, Muller wanted the AEC to publicly discuss the genetic damage caused

by radiation in what he viewed as a responsible way, which happened to include support

of his own theoretical perspective regarding population effects. Muller copied his letter

7Hermann Muller to Earl L. Green, 29 March 1955, Caltech Archives, Sturtevant Papers, box 11, folder
Alexander Hollaender, ed., Radiation Biology (New York: McGraw-Hill Book Company, Inc., 1954).
8
Beatty, "Weighing the Risks: Stalemate in the ClassicalJBalance Controversy."
9Hermann Muller to Earl L. Green, 29 March 1955.
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to all of the members of the Genetics Society of America's Committee on Public

Education.'°
Upon receiving a copy of Muller's letter, Bruce Wallace wrote to Muller, assuring
him that he was dismayed by the interpretation of his work in U.S. News & World Report

and that he had written to Earl Green at the AEC supporting Muller's concluding

statement. Cognizant that the apparent improved viability of some fly populations in his
experiments had resulting from heavy selection pressure, Wallace asserted that it was a

fact that "any harmful mutation will eventually injure some individual." Thus,
justifications for continued exposure of people to radiation could not rest on the argument

that irradiation had no harmful effect. Nor should the specter of population extinction be
used to justify zero additional exposure to radiation. Both positions neglected the fate of

the individual, which was "a morally indefensible position." Wallace also worried that
misinterpretations of population genetics experiments, as in U. S. News & World Report,

might inhibit research in population genetics research. Alluding to the classic/balance
controversy and differences of opinion regarding speciation and evolution and the effect
of mutation of the population as a whole, Wallace emphasized: "Research in any of these

fields which tends to modify basic concepts upon which some aspects of radiation
damage are predicted risks creating the erroneous impression that the conclusions

10

The Genetics Society of America's Committee on Public Education contained most of the most
prominent geneticists of the day as well as other scientists involved in the fallout debate. Muller's
circulation of his original letter sparked a spate of letter writing among the members regarding genetic
damage from radiation. The members included M. Demerec, Dobzhansky, Failla, Green, Hollaender,
Lanier (Puck's colleague at the University of Colorado), Ralph Lapp, Harold Plough, the former geneticist
for the AEC Division of Biology and Medicine, Theodore Puck, William Russell, Stem, Sturtevant, and
Walton Gregory of the University of North Carolina.
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regarding radiation damage are also wrong." Wallace believed that scientists
engaged in population genetics research might hesitate to publish or interpret their results

for fear that the public presentationof their results, which focused on population effects,
might be used to discount genetic radiation damage to individuals.

James Neel also wrote to Earl Green. His criticisms agreed with those of Stem
and Muller. Though Neel stated that he had grown used to garbled treatments of the
genetic effects of radiation, the U. S. News & World Report article had set a new high.
Neel distanced himself from "the extreme position which has been adopted by certain
geneticists and which I feel is a very unbalanced approach to an extremely complex
problem," but added, "I am even less in sympathy with the opposite side of the coin as
depicted here."2 This middle-of-the-road approach to discussion of genetic hazards and

his emphasis on the complexity of the problem characterized the positions Neel would

take on the NAS Committee. Neel was fairly certain that the AEC had provided
information for the U. S. News & World Report article. He told Green, "There is one
very revealing statement in the article which suggests that it came from someone quite
close to the A. E. C. program in this field."13 The statement in question was a reference to

the ABCC genetics study which reported that four million dollars had been spent on a
second generation follow-up study. Neel noted that this figure was based on a breakdown

of the ABCC budget which had never been published.
Green responded to Muller, thanking him for offering his views and assuring him
that there appeared to be no fundamental misunderstanding between scientists inside and
"Bruce Wallace to Hermann Muller, 5 April 1955, NARA II, AEC, Libby Papers, box 9, folder Sunshine
miscellaneous.
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outside the AEC on the nature of the genetic hazard from radiation. Green then quoted

to Muller sections from his above-mentioned memorandum to Bugher. Green also
quoted from a 14 February 1955 memorandum that he had sent to various AEC officials:

"the Commission is aware of the long range genetic hazard.. .present estimates indicate
that the genetic hazard is small so long as the nuclear weapons testing program is
conducted at about the present level of activity.. .the genetic hazard is proportional to the
amount of radioactive fall-out material..

Green also stated that he believed that a freer

public discussion of genetic risks would eventually lead to a more balanced view of the

possible hazard. In a reply to Green, Muller expressed "great relief' that scientists in the
AEC--this included more than just geneticists--fundamentally agreed with outside
scientists about the genetic danger of irradiation and that statements by independent
scientists were welcome. Muller also reasserted that he did not believe that testing at the
present rate constituted enough of a genetic risk to raise valid objections to the
continuance of testing.'5 At least initially, these geneticists' concerns about the possible
genetic effects of fallout centered on the AEC's apparent dismissal, or endorsement of a
dismissal, of any possible genetic effect worth noting.
Theodore Puck, at the invitation of Willard Libby, also weighed in with his

opinion of the U. S. News and World Report article. Libby took a very active role in
trying to ameliorate criticism of the AEC's position on fallout by independent scientists.
He wrote numerous letters to any scientist whose comments on fallout reached the

12

James Neel to Earl Green, 29 March 1955, American Philosophical Society Library, Neel Papers,
correspondence, box Gr-Gu, folder GRL
13
James Neel to Earl Green, 29 March 1955.
'
Earl L. Green to Hermann Muller, 4 April 1955, Caltech Archives, Sturtevant Papers, box 11, folder 3.
'
Herman Muller to Earl L. Green, 13 April 1955, Caltech Archives, Sturtevant Papers, box 11, folder 3.
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broader public, often inviting them to meet with him should they visit Washington.'6
He had assured Puck over the phone that the AEC did plan to publish much of its hitherto

inaccessible data and had insisted to Puck that the pertinent questions regarding fallout
would be discussed "fully and openly in journals and in the classroom." He also told Puck

that the AEC welcomed the help of American scientists in "factually interpreting" fallout

phenomena to the public without reservation. Libby's language still seemed somewhat
cautious--discussion in journals and in the classroom still sounded like a discussion

restricted in the main to the scientific community. In addition, the AEC plans to release
much of the fallout data must have been rather long-range or not meant to include its
central fallout study, as Project Sunshine did not become public knowledge until 1957,
though Libby occasionally used Sunshine data in his speeches without mentioning the
source.

Regardless, Puck reported feeling "tremendously

relieved."7

However, he still

had numerous criticisms of the U. S. News & World Report article to offer. Puck found
the statements regarding genetics the "most inexcusable," mentioning the same
statements addressed by Stern and, presumably in marginalia added to the two chapters
he was sent, by Muller. As a rebuttal, he quoted a passage from a textbook, Human
Heredity, by James Neel and William Schull, who were the principal geneticists

analyzing the ABCC data. Neel and Schull had stated that, "There is no doubt that
mutations were induced in the inhabitants of Hiroshima and Nagasaki in consequence of

the atomic bombings." They then went on to explain the many difficulties in detecting

16

Hacker, Elements of Controversy, p. 184.
Theodore Puck to Willard F. Libby, 25 April 1955, NARA II, AEC, Libby Papers, box 9, folder Sunshine
miscellaneous.
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the mutations, concluding that "while it is certain on a prior grounds that mutations
have been produced by the ionizing radiation released by the explosion of an atomic
bomb, there exist, under the circumstances which govern human material, many obstacles

to their demonstration."8
In spite of the reassurances of Libby and Green, there still seemed to be some
reluctance on the part of the AEC for a full public airing of possible genetic hazards.
Green's 14 February 1955 memorandum had been circulated the day before the release of

the AEC's first official public statement on fallout after the Bravo test and well after
Sturtevant's address and article. That official statement had all but ignored such hazards,

leading Ralph Lapp to comment: "The AEC report is irrelevant with respect to genetic
effects of radiation."19 Discussions of the genetic risks of radiation had been published in

scientific works by scientists affiliated with the AEC, such as the textbook by Neel and
Schull and the chapters by Muller in the volumes edited by Hollaender. However, despite
the urgings of geneticists and cytologists, such as Puck, the AEC did not publicly address

the falsehoods and half-truths contained in the article. It still seemed to prefer to restrict
discussion of genetic effects to the scientific community as much as possible.
Though doubtless the AEC's vested interest in continuing nuclear tests, including
the use of the Nevada Test Site, was a significant influence in its desire to keep possible
fallout hazards out of the mainstream press as much as possible, there were other

considerations. As noted earlier, many of the scientists in the AEC, particularly at the
higher administrative levels, had backgrounds in disciplines that had had little previous

' James V. Neel and William J. Schull, Human Heredity (Chicago: University of Chicago Press, 1954), p.
152.
19

Ralph Lapp, "Fall-out and Candor," Bulletin of the Atomic Scientists, 11:5 (1955), pp. 170, 200, p. 200.
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interaction with genetics. The scientists concerned with radiation safety in the days of

the Manhattan project were mostly physicians, such as Brues, physicists such as Karl Z.
Morgan, or scientists trained in radiology or other disciplines that approached biological
radiation effects from a toxicological viewpoint (which was based in large part on the
concept of a threshold for injury.) When the AEC set up fellowship programs to train the
scientists it needed for research into radiation effects and protection, the conceptual basis

remained toxicological. According to Marvin Goldman, who was an AEC fellow at the
University of Rochester in 1957: "Everything was taught in toxicological terms. . . .There

was never any mention that this was a risk for cancer. It was all in terms of organ injury
and organ repair and response. As a result there was this impression of a threshold and
that small doses of radiation, if they had no clinical manifestation, really were innocuous.

Therefore you had respect for it[s hazards], but it wasn't a

problem."2°

Though the AEC

did have some geneticists in its fold, most of the geneticists involved in the debate were
not affiliated with the AEC.
Correspondence relating to a critique of the U. S. News & World Report article by

a non-geneticist, Caltech chemist and Nobel Laureate Linus Pauling, reveals some of the

political and disciplinary influences on the AEC. Pauling had already raised suspicions
in the government for his active stand against the issue of requiring loyalty oaths for
university positions. For several years in the early 1950s he had been denied a passport
on the grounds that his travel might not be in the best interests of the United States. Three

days before he wrote a letter to Libby criticizing the U. S. News & World Report article,
he received a letter from Waldo E. Cohn, a biochemist at Oak Ridge National Laboratory.
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Cohn's letter was a follow-up to an earlier letter inviting Pauling to a conference on
enzyme and protein structure to be held at Oak Ridge at which Pauling was to be the key

speaker. Cohn regretted that Pauling could not attend due to the trouble that Cohn and
other Oak Ridge scientists had in getting permission to invite him: "We, the lowly
scientists, fought the battle of the century clear to the highest levels of the A.E.C. to get
the right to invite you... .We won, but we cannot talk about it (and I must ask you not to
talk about it either).

,,' Though Pauling may have been persona non grata to the AEC

due to his perceived political sympathies, his critique of the article engendered a response

based more on disciplinary issues than political ones.

In the opening of his letter, Pauling noted that he and Libby were apparently on
opposite sides of the argument regarding possible fallout hazards. The article had quoted
Libby using one of the AEC's standard comparisons for minimizing the possible dangers
of fallout:

The world is radioactive. It always has been and always will be. Its
natural radioactivities evidently are not dangerous and we can conclude
from this fact that contamination from atomic bombs, small in magnitude
or even of the same order of magnitude as these natural radiations, is not
likely to be at all dangerous.22
Pauling took issue with Libby's assertion that natural radioactivity was not dangerous.
He quoted Sturtevant' s article, which noted that irradiation did seem to increase cancer
incidence, adding that some biologists believed that at least some types of neoplastic
growth were induced by somatic

mutation.23

He also referred to Muller, Stem, and

Sturtevant, authorities on genetics who asserted that irradiation without doubt produced
20
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harmful mutations. Regarding the AEC comparison that an individual's exposure to
fallout radiation was no greater on average than that from a chest x-ray, Pauling noted
that geneticists were, in fact, disturbed by the doses commonly received from chest
x-rays. Pauling challenged Libby to provide him with a counter-argument to these points.

Libby's reply to Pauling was rather standard. Libby stated that the natural
background radiation was "very germane" to the question of whether or not testing was

dangerous. The fact that additional radiation due to fallout was small compared to the
natural background and, most importantly for Libby, small relative to "the variations in
natural background which are customarily accepted" led him to believe that the AEC was

justified in asserting that "we really cannot say that testing is in any way likely to be
dangerous" despite uncertainties in quantifying the genetic effects.24 Only if humans had
developed in a non-radioactive environment would Libby have been concerned about the

present state of ignorance about genetic effects. Libby reassured Pauling that the AEC
was offering full support to the NAS panel study of radiation effects and that the AEC
welcomed further research into the mutation rates due to natural background radiation.

He also included calculations of the various sources of natural background radiation,
including the natural radioactivity of the human body. Libby circulated Pauling' s letter
and his reply throughout the AEC, presumably to supply a resource for providing an
official response to similar queries.25
In a sense, the geneticists, like-minded scientists such as Pauling, and AEC
officials such as Libby were talking past each other. Libby wanted the focus of the
22

"The Facts about A-Bomb 'Fall-out'," p. 22.
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24WilIard Libby to Linus Pauling, 6 May 1955, CIC, document no. NV0032006.
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discussion to center on comparisons with the effects of natural background
radioactivity and its natural variance, reasoning that such a comparison would mollify
public concerns about genetic injury by placing the possible genetic effects within a risk
that was already accepted by default, as exposure to natural background radiation was
unavoidable. For geneticists, the comparison with levels of natural background radiation
was moot. For them, the issue was that fallout did cause some genetic injury, adding to a
load of mutations that was also being increased by the growing use of radiation in

medicine and industry. Of course, for some geneticists, such as Dobzhansky, the
additional radiation was not necessarily a problem with regard to the population as a

whole, though some individuals might still suffer significant genetic injury. In addition,
many geneticists did not want to have genetic risk lumped in with other risks. At least in
part due to eugenic concerns, which most geneticists had, they wanted to raise people's
consciousness about their genetic heritage and its unique importance.

Medicine and Genetics
Libby's response to Pauling by and large reflected the official AEC rhetorical

stance on fallout. However, before drafting his letter to Pauling, Libby solicited advice
regarding the reply from John Bugher, physician and Director of the AEC's Division of
Biology and Medicine. Bugher's suggestions to Libby regarding a response to Pauling
revealed some of the disciplinary tensions that underlay estimations of fallout hazards.
Though given Bugher's position as a highly-placed AEC administrator it would be easy
to characterize his dismissive attitude toward genetic effects as toeing the AEC party line,
25Memorandum by W.B. McCool, "Atomic Energy Commission Radiation Exposure, Note by the
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his suggestions also fit with long-standing attitudes of many in the medical profession
towards genetics.

As noted earlier, physicians had shown interest in the application of Mendelian
genetic concepts to humans in the first decade or so of the twentieth century, primarily in

explaining the distribution of familial disorders. However, genetics and medicine soon
parted ways. The development of experimental methods in genetics, using inbred
experimental organisms such as Drosophila, promised definitive results in a much shorter

time than did studies of human genetics. After 1915, most work on human genetics was
carried out by staunch eugenicists, such as Charles Davenport of the Eugenics Records
Office, work that was not looked upon particularly favorably by the emerging

practitioners of classical genetics. Physicians saw increasingly little applicability of
genetics to their profession. They continued to view the art of medicine as based upon the

clinician's eye and personal interaction with patients, as opposed to geneticists' reliance
on mathematical models and seemingly more impersonal concern with future

generations. In addition, medicine had begun to focus on environmental causes of
disease, causes that were not yet linked to genetic mutation. In 1927, Lewellys Barker,
the head of the Johns Hopkins Medical Department, noted that there was a "coolness
towards genetic questions" in clinical research laboratories and medical schools where
environmental influences had become the focus of concentration.26 However, by the
1940s, human genetics began to receive increased attention.

Secretary," 12 May 1955, CIC, document no. NV0030488.
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The growth of human genetics in the postwar era did begin to build bridges

between medicine and genetics. Early human geneticists, such as James Neel, distanced
themselves from traditional prewar eugenics as exemplified by Charles Davenport's

Eugenic Records Office. The opportunity for studying human genetics provided by the
Hiroshima and Nagasaki survivors, and directed by Neel for the ABCC; and the
demonstration by Neel and Pauling in 1949 that sickle cell anemia was an inherited
molecular disease, all contributed to increased interest in human genetics.27 The
American Society of Human Genetics was formed in 1948, with Muller as its first

president. Muller's first presidential address emphasized the need for a
multi-disciplinary approaches to human genetics and the need to distance the field from

prewar eugenics.28
The upsurge in human genetics had led to increased calls for greater integration
between medicine and genetics, but those in the medical field were slow to heed the call.

A 1941 article on medical genetics described genetics as still mostly neglected by
medicine and the nascent field of medical genetics as presently in a position of "relative
isolation."29

Part of medicine's slow acceptance of genetics may have been due to a

parochial attitude that the Rockefeller Foundation's Alan Gregg noted in a 1944 critique

of American research. Gregg believed that new hypotheses in fields unfamiliar to
established medical researchers were often not given a hospitable reception by the
medical community. He also called for increased applications of genetics to medical
Carison, "Eugenics and Basic Genetics in H.J. Muller's Approach to Human Genetics," History and
Philosophy of the Life Sciences, 9(1987), pp. 57-78, pp. 57-60.
27
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problems.3° In 1945,

the Johns Hopkins geneticist Bentley Glass reviewed two

slender volumes on Medical Genetics and Eugenics. Glass noted that geneticists would
"welcome signs of growing interest in heredity on the part of American medical schools,"

but found the volumes somewhat lacking. In general, Glass' displeasure with the
volumes stemmed from the numerous contributions of prewar eugenicists such as

Davenport. He did find value in the contributions of Maud Slye, on the genetic factors
influencing cancer, and Madge MackIm, who had been arguing for increased attention to

genetics by the medical establishment since the

1930s.

However, Glass could still

categorize medical genetics as a "most neglected field."31 Most of the physicians and
medical researchers in the AEC, such as Shields Warren and John Bugher, had received
their training and made their reputations in the prewar era, when medical applications of
genetics were largely ignored. As Robert Stone, physician and director of the Manhattan

Project's Health Division remarked in

1952,

"The language of geneticists is to me very

difficult."32

An informal poll in

1946

had reinforced the fact that, although there was a

growing awareness of the importance of genetics among those in the medical field,

genetics had still made few inroads into the medical curriculum. The authors of the
survey concluded that education in genetic principles in medical schools was haphazard
at best and largely left to the whims of individual students. Only seven (or eleven
percent) of the schools surveyed offered a formal course in medical genetics.
Approximately

25

(or 40 percent) offered some lectures on genetics in more general
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medical courses, though 48 (or 80 percent) reported that they considered some

knowledge of genetics necessary. The authors of the survey called for the education of
medical professionals in the fundamental principles of genetics, as well as orientation
toward the applications of genetics in medicine, noting that human genetics was
"becoming more and more significant in the social aspects of medicine."33 The emphasis
on the importance of genetics for the "social" aspects of medicine suggested its
importance for public health and, perhaps, social policy in general, though distanced from

the negative prewar eugenics movement. Though traditional scientific ideology might
attempt to separate scientific research and the social and political questions regarding the
application of scientific knowledge, genetics--both for geneticists and medical
professionals who were becoming interested in the subject--was almost inexorably linked

to social applications and policy.
In fall of 1953, C. Nash Herndon, a professor of medical genetics at the Wake
Forest Bowman-Gray School of Medicine, conducted another informal survey of medical

schools regarding the place of genetics in their curriculums. He concluded that there had
been a significant increase in the attention given to genetics in medical schools since
1946. Unfortunately, Herndon did not ask the same questions as the 1946 survey, so a
direct comparison is impossible. The total number of medical schools offering courses or

lectures in genetics was greater in the 1953 survey. However, the rate of return for the

surveys was also much higher. In 1946,60 out of 84 questionnaires were returned. In
1953, 81 out of 87 questionnaires were returned. Of course, the higher rate of return itself
'
32

Bentley Glass, "Medical Genetics and Eugenics," Quarterly Review of Biology, 20:1 (1945), pp. 84-85.
Stone, "The Concept of a Maximum Permissible Exposure," p. 654.

237

may suggest that greater attention was paid to genetics by 1953. Still, many of the
percentage figures remained the same. In 1946, 53 percent of medical schools that
responded offered some instruction in genetics, with seven offering a formal course in

medical genetics. In 1953, 55 percent reported offering some instruction in medical
genetics, with six schools offering a separate course in genetics. Of the 48 schools
offering some genetics instruction in the 1953 survey, 26 offered only 2-5 hours of
instruction.34

Several questionnaires were returned with additional comments that

revealed both a growing interest in genetics and a current lack of quality instruction. The
dean of one medical school commented "Although the type of program we have here is
better than nothing, it neither represents our own conception of the kind of teaching that is

desirable nor does it afford the student an opportunity to actually become familiar with
the theory, techniques and applications that give genetics and human genetics integrity as
independent disciplines."35 The most common reasons cited for a poor or non-existent

genetics component in the curriculum were lack of funds, lack of trained personnel, or
lack of time in an already crowded medical curriculum.
In October of 1954, the American Association of Medical Colleges' annual

teaching institute examined the role of genetics in medical education. The overall
program concerned the growing emphasis in medicine on public health, the ecology of
illness (the health effects of lifestyle patterns and the environment), and the "developing

stature" of genetics in medicine. Though doubtless planned well before the increased
public attention given to genetics as occasioned by the public pronouncements of
G. Gordon Robertson and J.C. Haley, "Genetics in the Medical Curriculum," Journal of the Association
of American Medical Colleges, 21:6(1946), pp. 351-353.
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Sturtevant and others, the focus of the institute seemed to reflect the general social and

scientific context. The increase in research into human genetics, primarily as part of the
well-publicized ABCC study, the continued pronouncements of geneticists such as
Muller about the mutagenic effects of radiation, and, perhaps, the stronger biochemical
foundation given to genetics by the discovery of the DNA structure, all contributed to a

greater interest in genetics in general. Medical education journals often reflected
perceived social needs with regard to medical research and treatment. During World War

H, industrial health was a major topic of discussion in medical journals, and in the late
1940s, as the AEC sought more trained health physicists, biophysics came to the fore.36
Herndon chaired the genetics panel at the teaching institute and was pleasantly

surprise at the reception he received: "Genetics is certainly the 'little brother' of the
group, and most geneticists expected to be called upon to justify their very existence.
Instead we were welcomed into the

fold."37

Hemdon's impression reveals not only the

newfound interest in genetics by those in medical fields, but also the previous disregard

of genetics by the same. In addition, physicians and medical researchers placed a great
deal of emphasis on the youth of the discipline of genetics. Often, genetics was
associated with radiology. In an earlier article, Herndon noted that genetics was
contemporary with radiology, and "must be considered a very young science when
C. Nash Herndon, "Human Genetics and Medical Education," Journal of Medical Education, 29:7
(1954), pp. 13-19.
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Education in Industrial Health Conservation," Journal of the Association of American Medical Colleges,
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compared with most basic medical sciences." However, as mentioned in the first
chapter, in many ways "medical science" itself was viewed by some as coming into its

own at the beginning of the twentieth centuryat roughly the same time as the founding
of radiology and genetics.38 At the teaching institute, the participants "were reminded that

genetics is a young science, even younger than radiology."39 In addition to the implied

pre-eminence that such a comparison gave the medical sciencesin sharp contrast to the

perceptions of geneticists, as evidenced by the prewar rhetoric of Muller and othersit
also associated genetics with radiation. The overall impression of the introduction of the
symposium was growing acceptance of genetics by medicine in a paternal way, now that
the young discipline had advanced enough that it could begin to offer something of value.

Despite this increasing rapprochement between medicine and genetics,
instruction by medical schools in genetics was still considered "minimal and its
scheduling spotty." In addition, geneticists attending the institute described only a few

medical schools as offering adequate programs in medical genetics. Several participants
in the conference considered courses in genetics solely as electives to be taken if the
already crowded class schedule

permitted.4°

In a questionnaire sent participants before

the institute, 58 percent responded that human genetics was not offered either as a
separate course or as lectures within other courses, though all respondents said that some

instruction in human genetics should be offered.4'
Questionnaires were also sent to medical students, who had an equally dim view
of current instruction in genetics, with their evaluations of the adequacy of genetics
' "Introduction," Journal of Medical Education, 30:9 (1955), pt.2, p. 17.
38
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instruction decreasing as their overall level of medical education increased. Of all the
students surveyed, 51 percent rated the quality of their educational experience in genetics

as "poor," with 28 percent rating it as "fair." Medical students with the highest levels of
education

interns, residents, and recent graduates

returned the following results in

response to more specific question about their genetic education:

The recognition of disease as hereditary
Excellent
Good
6%
37%

Fair
43%

Poor
14%

The recognition of the transmission of an hereditary disease as dominant, recessive or
sex-linked
Excellent
Fair
Good
Poor
6%
23%
37%
34%
The obtaining of accurate pedigree data when taking histories
Excellent
Good
Fair
3%
22%
40%
The fundamentals of gene action
Excellent
Good
3%

16%

Fair
29%

Poor
35%

Poor
52%

The increasing importance of hereditary diseases in modern society
Excellent
Good
Fair
Poor
4%
21%
43%
32%
Genetic Counseling
Excellent
0%

Good
8%

Fair
25%

Poor
65%

In no case did the majority of upper-level medical students believe that their genetic

knowledge was good or excellent. In general, as the survey questions dealt more
specifically with basic genetic knowledge (such as the knowledge of gene action) or
° "Special Topics: Responses from Participants," Journal of Medical Education, 30:9 (1955), pt.2, p. 83.
41

"Special Topics: Responses from Participants," p. 101.
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applications of that knowledge (such as genetic counseling) the students gave lower

evaluations of their genetic education. Comments returned with the questionnaire by
students underscore the deficiencies still present in the teaching of genetics in medical

schools. One student complained: "Genetics is not stressed enough as a cause of
neoplastic, anomalous and degenerative processes..." Another student commented: "We
need a short, basic course in human genetics, teaching us the mechanisms of heredity as

they apply to humans. For God's sake,forget the fruit

flies."42

Despite the growth of

human genetics and the increased attention paid to the somatic mutation hypothesis of
carcinogenesis, the training of medical doctors still neglected many aspects of basic and
applied

genetics.43

However, the fact that the students felt a need to comment on the

deficiencies in their knowledge of genetics also shows an increasing interest in the
subject.

Medicine and Genetic Hazards
An increase in interest in genetic damage caused by radiation was little evident in

medical journals in the wake of Sturtevant's article and the flurry of reports in the
mainstream press. Two of the major U. S. medical journals, the Journal of the American
Medical Association (JAMA) and the New England Journal of Medicine (NEJM) gave

scant space to genetic concerns in 1955. In an April 1955 article on fallout in NEJM by
Thomas F. Maher, a physician and Executive Medical Officer of the Civil Defense
42

"Selected Sample of Replies from Students on Integration within and between Courses," Journal of
Medical Education, 30:9 (1955), pt.2, p. 151, 153.
'
The paucity of genetics in the curriculum was not necessarily solely confined to the medical field. The
basic precept of molecular genetics, that genetic information was carried by DNA, did not appear in college
biology textbooks until 1957, and then, generally, only as a hypothesis; Barak Gaster, "Assimilation of
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Agency, Maher made no mention of possible genetic injury from fallout. He did note
that irradiation broke up cell chromosomes and caused a swelling of the nucleus, but only

in the context of the stages of cell death. Any discussion of injury was confined to
somatic effects.

In July, JAMA published an article by Gordon M. Dunning of the

AEC's Division of Biology and Medicine. Dunning focused primarily on the safety
measures undertaken for the continental tests and simple civil defense measures. He
made little mention of specific injuries effects and none of possible genetic effects.

Regarding the radiological data from the monitoring network, he stated: "Possibly the
most pertinent summarizing statement that can be made is that after five major series of
nuclear weapons tests at the Nevada test site no one has incurred radiation exposures
offsite that may be considered anywhere near hazardous."45 In conclusion he reminded
his audience that continental testing was vital to national security and that the AEC had
"reduced the element of hazard to minimal levels." In the same issue, the editors of
JAMA praised Dunning's article for providing the ammunition to refute "unfounded
rumors concerning remote harmful effects of the testing program." Both articles implied

a threshold for radiation damage, though both offered subtle caveatsDunning's
statement that possible hazards were at minimal levels and a table of radiation effects
correlated with dosage that listed "no obvious injury" for a Or-25r dose in Maher's report.

Neither addressed genetic concerns.

Scientific Change: The Introduction of Molecular Genetics into Biology Textbooks,"Social Studies of
Science, 20 (1990), pp. 431-454.
Thomas F. Maher, "The Nature and Significance of Radioactive Fallout," New England Journal of
Medicine, 252:17 (1955), pp.740-741.
'
Gordon M. Dunning, "Protecting the Public During Weapons Testing at the Nevada Test Site," Journal
of the American Medical Association, 158:11 (1955), pp. 900-904, p. 904.
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Throughout the rest of 1955, almost any notice taken of genetic radiation
injury by JAMA and NEJM was confined to abstracts of foreign publications or in letters

to the editor. The JAMA published three abstracts that dealt with genetic effects in its
"Foreign Letters" section. One summarized a statement by the British Minister of Health
on fallout, which was generally reassuring; this abstract also briefly mentioned an
editorial in the British Medical Journal urging an intense study of possible genetic effects
from fallout.46 The other two abstracts dealt with possible genetic effects from medical

uses of radiation, one a summary from an article in the British Journal of Radiology and
the other from an address to the Belgian Society of Radiology.47 In letters to the editor, a
physician from Indonesia requested an evaluation of the risk for congenital damage to the

offspring of a pregnant radiologist.48 One other letter from a New York physician

discussed fallout but without mention of genetic effects. Rather, the physician
questioned the AEC statement that the average radiation dose from fallout to date was
less than that of a chest x-ray. The physician rather astutely inquired as to whether this
estimate of the fallout dose included "hot spots" where precipitation or other weather
factors increased, fallout levels or the ingestion of internal emitters through the food

chain. The reply brushed off his question by restating the AEC's

position.49

In August, both JAMA and NEJM carried short editorial pieces about genetics.
The JAMA editorial concerned a speech by geneticist Bentley Glass on the
accomplishments of modern genetics. The article quickly latched onto the possibility that

genetic knowledge could one day improve the human stock as the most "fascinating"
46

of Nuclear Weapons," Journal of the American Medical Association, 158:12 (1955), p. 1045.
" "Effects
"Radiological Hazards," Journal of the American Medical Association, 159:2 (1955), p. 139; "Genetic
Damage from Irradiation," Journal of the American Medical Association, 159:5 (1955), p. 507.
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aspect of genetic studies. After reviewing the practical problems of implementing
both positive and negative eugenics programs, the editorial concluded: "So far, the
power to change man genetically exceeds the wisdom needed to know in what direction
genetic controls should be applied for best results."5° The overall tone of the piece was

that genetics was interesting but still not yet entirely applicable. Though perhaps not
intended, the conclusion also seemed to echo some of the rationale that lay behind

geneticists' generally conservative attitude toward radiation exposure. Increasing
radiation exposure to large populations was changing people genetically and, lacking the
knowledge to accurately and quantitatively predict the effects of these changes, radiation

exposure should be kept to the minimum possible.
The NEJM editorial dealt directly and reassuringly with genetic damage from
radiation, using the same rhetorical tactics as the AEC public statements. The editorial
opened by attributing the publicity over fallout to both public interest in the AEC, "the
major bulwark of national security," and the wide availability of sensitive instruments for

detecting radioactivity. The widespread use of such instruments showed that fallout was

increasing background radioactivity. However, the ease with which small amounts of
radioactivity could be detected could create a false impression of the potential hazard, as
the measurement of radioactivity was quite different than the determination of biological

effects: "Available instruments detect radiation far below the threshold of detectable
biological effects."5' Like the AEC statements, the NEJM editorial emphasized
detectable damage while also assuming a threshold for significant injury. The editorial
48

'

"Offspring of Radiologists," Journal of the American Medical Association, 157:10 (1955), p. 874.
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then accepted geneticists' contention that any amount of radiation produced additional

mutations which were mostly deleterious "at least by current standards." The rationale
behind the addition of the caveat by current standards remains unclear, though perhaps it
implied that advances in medicine might mitigate the phenotypical effects of genetic

mutations. After admitting the likelihood of genetic damage, the editorial attempted to
place the "alarmist" statements about such effects in perspective by comparison with
other, accepted radiation exposures, including the body's natural radioactivity, the use of
commercial phosphate fertilizers, radium-dial wristwatches, and living at high altitudes.
Despite the "proper" emphasis placed by geneticists on the cumulative nature of genetic
damage, it continued, one must realize that it would take centuries before
radiation-induced mutations would have noticeable effects. Even then these would not be
truly noticeable, as they could not be differentiated from the effects of naturally occurring

mutations. The overall impression of the editorial was that genetic injury was nothing to
worry about. In conclusion, the article mentioned that an upcoming study by the National

Academy of Sciences would soon clarify the fallout problem, which had so far been
discussed with "more heat than

fact."52

Discussions of fallout in the medical community,

particularly with regard to genetic damage, exhibited the same approach as the official
AEC position and characterized statements that the genetic injury could be significant as
heated, or emotionally driven.

Industrial and public health journals generally minimized the possible public
health risk from fallout as well, especially with respect to genetic injury. Air Repair, the
°

"Applications of Modem Genetics," Journal of the American Medical Association, 158:14 (1955), pp.
1282-1283, p. 1283.
51
"Facts About Radioactivity," New England Journal of Medicine, (1955), p. 344.
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journal of the Air Pollution Control Association, admitted that there was a "strong
suspicion" that the inhalation or ingestion of radioactive materials might pose a serious

long-range problemwith the implication that no serious problem would arise unless
environmental radiation contamination became acute, as in the event of a large-scale

nuclear war. The article, written by two members of the California Office of Civil
Defense, made the point that "Radiation exposure is nothing new" and that people were
continuously exposed to natural background radiation.53 Metal Progress, a joint
publication of the American Society for Metals and the American Society for Steel
Treating, published an editorial reporting the most reassuring portions of the AEC's 15
February report on fallout, including a brief summary of the already brief section on
genetic effects, which Lapp had deemed

irrelevant.54

A few months later, Metal Progress

published another article titled "Genetic Effects of Atom Bombs" which extracted a
speech by Libby. The article noted that experiments had shown that irradiation did cause

an increase in "more-or-less" detrimental mutations. However, spontaneous mutations
also accumulated in large numbers in humans, many due to background radiation. The
additional mutations that might be caused by fallout were impossible to estimate

quantitatively at the moment. However, it would take hundreds of years for most of the
induced mutations to have any effect, and even then, it would not be possible to identify
them among the defectives caused by spontaneous mutation, nor would the overall
number of defectives change measurably.55 In an "Editor's Query" an even more positive

spin on Libby's remarks appeared:
52
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.it also seems to be accepted theory that mutations
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are necessary for progress, in the sense that they cause some fitter-than-average

personalities to appearin other words, that mutations brought us up out of the
primordial slime. Is it not possible that along with a few 'less-than-normal' humans, a
Lincoln, a Newton, or a Beethoven might also be produced?"56

Despite the editors' optimism, geneticists generally discounted the likelihood of
such a possibility (see the previous discussion of Sewall Wright's paper at the 1949 Oak

Ridge Conference). In Public Health Reports, John Bugher offered more reassurances
about the increasingly radioactive world. He made liule mention of possible injury,
instead touting the fact that the safety record of AEC plants demonstrated "that it is
perfectly feasible to live and work with vast amounts of highly radioactive
substances..

In briefly describing the hows and whys of radioactivity, Bugher made

the long-standing comparison between the transmutation of an element and the mutation

of a gene. However, he made no mention of genetic injury.

Science and Emotion
The response of physicians such as Bugher to geneticists' statements on radiation
hazards fit well with the larger context of the relationship, or lack thereof, between
genetics and medicine at the time. The fields were still largely separate and few medical
(or industrial) journals paid more than lip service to geneticists' concerns, often

misinterpreting their positions. Bugher's suggestion to Libby, mentioned earlier,
regarding a reply to Pauling's letter complaining about the U. S. News &World Report

"Genetic Effects of Atom Bombs," Metal Progress (October 1955), pp. 130-131.
"Genetic Effects of Atom Bombs," p. 131.
57John C. Bugher, "Tomorrow's Atom and You," Public Health Reports, 70:8 (1955), pp. 781-784, p. 784.
56
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article bluntly attacked the approach of geneticists to the fallout problem. In
particular, Bugher took exception to Pauling's quotation of Sturtevant regarding the

possible induction of cancer by fallout. Sturtevant had stated in the "Social Implications
of Genetics for Man" that "...there is evidence that irradiation does increase the incidence

of leukemia and other malignant growths." Pauling had gone on to mention that some
biologists thought that, for at least some types of cancer, carcinogenesis could be
explained by somatic mutation. As evidenced by the earlier discussion of carcinogenesis,

both these statements accurately reflected the state of cancer research at the time.
Bugher's response was that though Sturtevant might be an authority in genetics, he had

no special competence in the field of neoplastic diseases. Bugher admitted that some of
the assertions in the U. S. News & World Report article were "scientifically over-stated,"
but viewed this as an inevitable side effect of the editors' attempt to "convey some sort of
a perspective to non-scientific leaders."58 Bugher concluded his suggested response:
I have been considerably concerned with geneticists in their treatment of a
serious problem, which is of concern to us all, who have been inclined to
take such extreme positions based on emotional rather than scientific
considerations that the science of genetics itself may be discredited. There
are plenty of geneticists who work thoughtfully and critically and who
weigh carefully the evidence before making sweeping generalizations for
public consumption. I think we should encourage their study rather than
indulge in arguments based on speculations.59

Bugher told Libby that his suggested response was probably too harsh to be used
verbatim, but that it was an expression of his reaction to warnings of significant genetic

injury. Bugher's charaterization of the U. S. News & World Report article implied that
though it perhaps was over-stated, it still provided a more-or-less proper perspective.

58John C. Bugher to Willard Libby, 18 April 1955, CIC, document no. NV0032007.
John C. Bugher to Willard Libby, 18 April 1955.
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However, geneticists who made public pronouncements expressing concern about
possible genetic effects were responding emotionally, rather than scientifically.
Bugher's final statement seemed to condone geneticists who did not speak out publicly,
but rather waited patiently for the accumulation of more data.
Bugher's critique of the reaction of many geneticists to world-wide fallout was
echoed at greater length by Austin Brues, a physician involved in cancer research and the

Director of the Division of Biology and Medicine at Argonne National Laboratory. On
15 April 1955, Brues gave an address before the annual meeting of the American

Association of Cancer Research (later reprinted in the journal Cancer Research as "The
New Emotionalism in Research"). Much of the article discussed the changing context of
postwar research, primarily focusing on the advent of big science and the increase in
funding from industry and other institutions outside academia and the problem of the
security system, of which Brues, like most scientists, was critical.60 However, at the
beginning and the end of the article, Brues presented genetic sts' public concerns over the

genetic effects of fallout as a case study of overly emotional scientists that cancer
research would do well to avoid imitating.

In Brues' view, the increased interest in genetics in generalperhaps due to the
discovery of the structure of DNA, the widely publicized Lysenko controversy, or other
factors, as well as the opportunity provided by world-wide fallout to publicize genetic

riskshad caused geneticists, when faced with the spotlight's glare, to go overboard and
assume a pontifical attitude regarding genetic injury. The "humble scientist" who was
60
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"almost socially accepted but economically downtrodden" could not resist the

opportunity to advance perspectives that would increase his own importance. Though
some might contend that geneticists were simply victims of the "wily press," Brues noted

that psychiatry showed that many victims were victims because they needed to be61 In
general, Brues suggested that geneticists had lost their scientific objectivity.
At the end of his speech, Brues returned to the case of the geneticists via the issue

of contemporary cancer research. He noted that though cancer research now received
significantly more funding than in the prewar era, this funding carried the price of greater

expectations for a panacea for cancer. Brues feared that this newfound funding and
public interest in cancer might cause cancer researchers to make more of their research
than it deserved so as to make a good story or give the impression that cancer research

was on the threshold of a major breakthrough. The case of the geneticists now became a
cautionary tale. Geneticists had recently been placed in the public arena to answer
questions about the long-term genetic effects of radiation, a subject "which entails quite a

lot of emotionalism, which, as it turns out, our confreres are not altogether immune to."
Brues continued: "Now I am no geneticist, but I did go to medical school and learned that

one of the characteristic symptoms of hysteria is a contracted field of vision (another is

the dramatic performance). It seems to me that there is more than a little of looking
darkly down the gun-barrel here."62 Somewhat ironically--since it seems that Brues'
intention was to minimize geneticists' warnings about radiation-induced mutation--he
suggested that if geneticists were so worried about the accumulation of deleterious and
genetics; Austin M. Brues, "The New Emotionalism in Research," Bulletin of the Atomic Scientists, 11:9
(1955), pp. 344-345.
61
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semi-lethal genes in the population, then they should be equally worried about
medical advances that nullified selection factors by keeping many defectives alive and

breeding. Of course, many geneticists such as Muller, indeed were worried about just
that.

Taking a broader look, Brues suggested that the young science of genetics, which,

except for its early beginning, was only two generations old, might within a few more
generations discover how to eliminate bad genes without the unkindly process of

selection. Brues also tossed out a brief aspersion at the somatic mutation hypothesis of
carcinogenesis and defended the setting of a tolerance dose as rational, though perhaps
not as soundly based scientifically as one might want. In conclusion, Brues called on his
colleagues not to follow the path of geneticists:
I do not believe the Association [of Cancer Researchers} should take a
position prematurely on debatable scientific questions, even though the
pressure for a pronouncement may be great... in this changing world, we
must not forget out obligation as members of the association of
professionals, to spare some time as individuals to give some thought to
questions such as those I have raised this evening, and to discuss them
among ourselves, looking toward the perpetuation in our professional
careers of those things which are good and right.63

Brues believed that as good scientists, they should not discuss uncertain science outside

the scientific community. Giving in to public pressure for pronouncements on such
scientific issues would lead towards emotionalism, loss of objectivity and

self-aggrandizement, all of which was exemplified by the case of the geneticists. This
call for the protection of one's scientific objectivity and duty to one's professional
responsibility paralleled the AEC's information policy, with its preference for publishing

62
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information in the scientific rather than the popular press, as well as the response by

many administrator/scientists within the ABC to geneticists' public statementsthat they
were overly speculative and that more scientific evidence should be collected before any
conclusions were drawn.

Despite the increasing interaction between genetics and medical fields in the

postwar era, there still existed significant disciplinary divisions. Physicians and medical
researchers were still uncertain how applicable advances in the new science of genetic s--

and even newer field of human genetics--were to practical health problems. Physicians,
such as Stone, still found the "language" of genetics difficult. Cancer researchers, such as

Brues, emphasized research into the mechanisms of carcinogenesis as the key to

understanding the causes of the neoplastic process. As historian Paul Boyer has pointed
out, the medical profession generally maintained a narrow, clinical focus on radiation
effects and maintained an "uncritical identification with official policy" regarding fallout

during the 1950s. Medical professionals lent themselves to the campaign to promote the
"peaceful atom" by touting the benefits of atomic medicine and also played a role in the
government's civil defense program, which attempted to downplay the radiological
hazards of atomic warfare and emphasized the effectiveness of protective measures that
citizen's could take in the event of attack." Furthermore, many of those in administrative
positions within the AEC's Division of Biology and Medicine came from medical
backgrounds, including the Directors of the Division of Biology and Medicine during

much of the fallout controversy: Shields Warren, John Bugher, and Charles Dunham. A
wide variety of political, institutional and disciplinary contexts contributed to resistance
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by the AEC to geneticists' pronouncements about the possible genetic damage from
fallout.

The Muller Affair
Perhaps nothing did more to increase scientists' suspicions about the candor of
the AEC during 1955 than the suppression of a paper by Muller on the genetic effects of
radiation. Less than a year removed from the Oppenheimer hearings, when
Oppenheimer, one of the key leaders of the Manhattan Projecthad his security clearance
revoked by the AEC Commissioners, the AEC would again be vilified for its treatment of

a prominent scientist. The Geneva Conference on Peaceful Uses of Atomic Energy, held
in the summer of 1955, was an international gathering of scientists to discuss the benign

uses of atomic energy, including medical application and atomic power. The United
States had suggested the conference shortly after the publicity surrounding the Bravo

shot. The United States hoped the conference would promote the substance of
Eisenhower's Atoms-for-Peace plan and improve the country's image with respect to
atomic issues in the international community.65 The U. S. delegates to the conference
would be determined by the AEC, though the conference itself was organized by the
United Nations.
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In March 1955, Earl Green, the geneticist for the AEC's Division of Biology
and Medicine, contacted Muller and asked him to prepare a paper on radiation-induced
mutation. As the first to demonstrate the induction of mutation by radiation, for which he

won the 1946 Nobel Prize, Muller was a natural choice for the request. A preliminary
agenda for the conference listed Muller as a member of the AEC delegation, along with

William Russell and Bruce Wallace. Green would notify Muller of his official
acceptance by the United Nations selection committee by 15 July. Muller's acceptance
as a presenter at the conference seemed all but a formality and he left for Europe at the
beginning of the summer for a vacation before attending the Geneva Conference. As 15
July passed without word from the AEC, Muller wrote the agency on 20 July to confirm

the acceptance of his paper. The AEC had sent a letter to his Indiana University address
on 18 July, informing him that his paper had not been selected by the U. N. for

presentation. George Weil, the AEC technical director, responded to Muller's 20 July
query regarding his paper, reiterating that the U. N. had not requested his paper for oral

presentation. Due to the limited size of the American delegation, this meant that Muller
would not be nominated by the AEC to participate. The final choices for the panel on
radiation genetics were Russell, Wallace, and the English geneticist T.C.

Carter.66

As he was already in Europe, Muller decided to show up at the conference
anyway, and was permitted to attend as an observer. Tage Kemp, of Denmark, the panel
chair, offered Muller the opportunity to speak for five minutes following the presentation

of the official papers. Muller agreed, and condensed his original paper. However, on the
day of the genetics panel, Kemp had to withdraw the offer because Muller was not an

66C!son Genes, Radiation, and Society, pp. 356-360.
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official member of the U. S. delegation. Rumors had already begun to circulate at the

conference about the reasons for Muller's exclusion. Many of the presenters pointedly
referred to Muller's contributions in their talks, noting that he was in the audience and

deploring that fact that he was not allowed to speak. At the end of the second session of
the panel, the audience gave Muller a standing ovation in tribute to his work on radiation

genetics. After some unofficial checking, Kemp was able to assure Muller that the U. N.
had not rejected his paper. In fact, it had been highly rated by the selection committee.67

Muller let the matter rest and returned to Indiana. However, slightly over a
month later, Walter Unna, a reporter for the Washington Post, confirmed Kemp's
assertion and broke the story that the AEC, not the United Nations, had prevented the

presentation of Muller's paper. The AEC immediately responded that they had
withdrawn Muller's paper because it contained a reference to the bombings of Hiroshima.

Muller's reference was to the results of the ABCC genetic studies of the atomic bomb

survivors. In a 3 October statement, Strauss expanded upon the AEC's reasons for
denying Muller the opportunity to speak. As the conference was dedicated to the
peaceful uses of atomic energy, the AEC felt that "such a paper, presented orally, would

have opened the Conference session for discussion. A discussion on the bombing of
Hiroshima would have been out of bounds for the conference." Strauss asserted that this
decision was a sound one for though Muller's paper was excellent, it depended on the
reference to Hiroshima. Strauss regretted that the pressure on the AEC staff in organizing

the American delegation had regrettably kept them from writing Muller about the

problem in time for him to revise the paper. Strauss called the episode a "regrettable
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snafu" and took full responsibility for the oversight.68 The AEC offered assurances
that Muller's paper would be included in the published proceedings of the conference.
Eugene Rabinowich, the editor of the Bulletin of the Atomic Scientists, summed
up the general reaction of the scientific community to Strauss' explanation by describing
it as "lame and specious."69 Popular press accounts included similar expressions of
opinion by scientists, such as Ralph Lapp's opinion that the explanation was inadequate,
particularly as the peacetime and wartime aspects of atomic energy were inseparable with

regard to biological effects?° Geneticists were particularly incensed. Robert C. Cook, the

Director of the Population Reference Bureau, a eugenics-minded organization that
provided demographic information "upon which rational population policies must be
based," wrote about the Muller affair for The Journal of Heredity under the title "Straws
in a Lysenko Wind" (Strauss' name was pronounced

"Straws").71

As implied by the title,

Cook compared the censorship of Muller's paper with the control of scientific
discussions of genetics in the Soviet Union that occurred with the rise of Lysenkoism.
Cook spent considerable time taking the AEC to task for its "double talk" with respect to

genetic injury. He noted that the AEC sponsored considerable research into the genetic
effects of radiation, singling out the work of Russell at Oak Ridge, and noting that his
results had led to a higher estimate of the mutation rate in man based on his mice

experiments. Cook contrasted the scientific work carried out under the auspices of the
AEC with the official position espoused by AEC scientists in upper-level administrative
67
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positions, such as Libby and Bugher. In a something of a reversal of the complaints of
Bugher and others that geneticists were too emotional and needed to adhere more strictly
to the facts as they were known, Cook called upon American scientists to "be forever alert

to protect its liberties from all those who base their decisions on inspiration and inner
revelation than on the data."72 The main impetus for Cook's title had been comments by
Strauss during a televised panel discussion of the results of the Geneva Conference on 28

August, well before the Muller scandal broke. When asked if he thought that the Geneva
Conference would allay fears about the hazards of fallout, Strauss responded:

I think so. I think there isthere was a good deal of discussion of
radiation hazards and the meterological [sic] aspects of radiation hazards
and some of the irresponsible statements that had been made on the
subject were liquidated in the course of that Conference.73
Strauss' comments would also provide the title to George Beadle's first draft of an
editorial for Science condemning the AEC's actions: "Liquidating Irresponsible
Opinion."

In the wake of the revelations about the Muller affair, Dael Wolfe, the editor of
Science, asked Beadle, one of the foremost geneticists in the country and the current
president of the American Association for the Advancement of Science (AAAS), to
comment on the matter for the journal. Beadle sent both the first draft and a second draft
of the manuscript to Muller for comment before publication. Beadle told Muller that the
first draft had been vetoed by his Caltech colleagues for being too indignant, but that it
had served the useful purpose of dissipating excess adrenalin. Beadle added that none of

his colleagues at Caltech could fathom any defense for the AEC's action. Beadle also
71
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raised the possibility of forming an AAAS conmiittee to examine the fallout problem

as "I too have grave doubts as to whether a 'Q'-cleared NAS Committee can fairly
represent all legitimate points of view."74 Membership on this NAS Committee
ultimately did not require "Q" clearance, but the issue had not been decided at the time of

Beadle's letter. However, there was, at the time, considerable concern among scientists
that the "Q" clearance would be required. The concern over such a possibility with the
implication that it would lead to a packed committee favorable to the AEC's official
views on fallout underscores the suspicions harbored by many scientists about the
scientific integrity of the AEC, at least at the administrative level. As an aside at the end,

Beadle also alluded to the lack of knowledge about genetics by non-geneticists. He
agreed with Muller that "these are exciting times in genetics. It is too bad more biologists

and others aren't aware of what is going

on."75

In his first draft, Beadle speculated on the real reason for the AEC's suppression

of Muller's paper. Noting that Strauss had consistently stated that fallout could not
possibly pose a health hazard, while Muller had attacked those statements as being
unjustified due to the linear relationship between radiation dose and mutation, Beadle

asked: "Could it be that Muller's persistence in disagreeing with the Chairman of the
Commission was a factor in barring his paper?"76 This view was shared by many

scientists. Rabinowich stated that "One would not be far off in surmising that the
silencing of Dr. Muller was caused not by the officially suggested formal reason, but by

the apprehension of the AEC leaders that the allegedly 'alarmist' conclusions of Dr.
Cook, "Straws in a Lysenko Wind," p. 197.
George Beadle to Hermann Muller, 5 October 1955, Caltech Archives, Beadle Papers, box 5, folder 36.
George Beadle to llermann Muller, 5 October 1955.

259

Muller could strengthen the world-wide agitation for the cessation of American
thermonuclear bomb tests. .

"fl

In a letter to the Bulletin of the Atomic Scientists, Sewall

Wright viewed the Muller Affair as an example of "the unsatisfactory relations between
science and the government here, especially with respect to radiation genetics" and as a
restriction on free scientific communication based on political grounds.78 The British

geneticist C.H. Waddington commented: "There is no doubt that his exclusion caused a
good deal of discussion among the geneticists of the world, and tended to revive

suspicionswhich had been gradually fadingthat the American atomic bureaucracy
was up to some tricks or

other."79

Muller himself believed that the Commission had

barred his paper because of its desire "not to play up the danger of radiation in the minds
of the public."80 Muller would later come to believe that Libby was responsible for

preventing the presentation of his paper, though other documentation attributed the
removal of Muller from the delegation to a member of Strauss'

staff.81

Geneticists associated with the AEC were also upset by the barring of Muller's

paper. William Russell had heard rumors concerning the rejection of Muller's paper
shortly before leaving for the conference. Furious over the "utterly despicable behavior"
of whoever had decided to bar Muller's presentation, he considered withdrawing from the

conference. However, he believed that this would leave the panel with an unbalanced
presentation of views on genetic damage. T. C. Carter maintained a neutral position that
nothing substantial was known about the genetic effects of radiation, while Wallace
76
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supported the balance hypothesis, which suggested that increased variance caused by
mutation might have a beneficial effect on populations by introducing more hybrid vigor
(though as noted above, he was still concerned with the genetic implications at the

individual level). Though Russell suspected that the AEC was responsible for snubbing
Muller, he was unable to confirm this.82

Earl Green was the Division of Biology and Medicine's geneticist during the
Geneva Conference, though he left shortly afterwards to return to his academic position
at Ohio State University. After returning to Ohio State, he wrote Muller about the matter.

Green stated that he believed that the view that some genetic risk attended any use of
atomic energy had been gaining currency and acceptance within the AEC. However, the

Muller Affair caused him to begin to doubt the extent of this acceptance: "The series of
events concerning yourself and the Geneva Conference on the Peaceful Uses of Atomic
Energy appears to cast considerable doubt on the acceptance of the existence of a genetic

risk by certain officials of our government, or at least suggests that they are unwilling to
have the genetic risks discussed openly and franldy."83 Green assured Muller that the
withdrawal of his paper had not been due to any action of members of the Division of

Biology and Medicine. Upon learning of the rejection of Muller's paper, Green had first
assumed that health problems had caused Muller to withdraw the paper himself. Upon
learning that this was not the case, Green had attempted to find out the actual reason with

little success: "I was given five reasons, all of which individually and collectively were
so transparently inadequate as to leave me feeling that the true reason or reasons were
81
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being successfully withheld."84 The outrage among scientists, particularly geneticists,

over the withdrawal of Muller's paper cut across institutional boundaries and further
pointed up the divisions between scientists in upper-level administrative positions and
those in AEC laboratories and lower-level administrative positions, such as Russell and
Green.

The AEC's reply to the accusations regarding the Muller Affair followed its
general policy of saying as little as possible about any potentially embarrassing public
relations situation. An early draft of the AEC press release on the Muller Affair discussed

at some length the support given to Muller and other scientists involved in work that

related to questions about the biological effects of radiation. Muller had received AEC
funding since 1951 for a project on "The Influence of Radiation in Altering the Incidence
of Mutations in Drosophila."85 The statement noted that Muller's mention of the
Hiroshima bombings in the context of the ABCC results "was perfectly legitimate from a

scientific point of view."86 Despite the scientific relevance of such a reference, the AEC
concluded that the paper was "out of bounds" in the context of a conference on the
peaceful uses of atomic energy as discussions of the bombings would "naturally arise"

from any mention of them by Muller. The statement then offered the assurance that
issues regarding security clearance were not involved in the AEC's support for basic

research nor for its decision not to include Muller in the U. S. delegation. The statement

Earl Green to Hermann Muller, 20 October 1955, American Philosophical Society Library, Bentley
Glass Papers, AEC box.
84
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then asked: "May it not have been better to let this incident pass unnoticed?" and
leveled the accusation that the criticism of the AEC over the Muller Affair seemed to be
an attempt to create a schism between scientists and the AEC. In conclusion, it stated:

"Let us hope that in the Country's interestnot the AEC'sthe continuing attempt to
foment trouble between the AEC and the scientists be dropped as unhelpful and
unpatriotic or, if continued, examined for motivation."87 After a conference between
Libby, Everett Holles, the AEC' s public relations director, and Morse Salisbury, the
Director of the Division of Information Services, the statement was pared to refer only to
the political inappropriateness of Muller's mention of the Hiroshima

bombing.88

Outside

of Strauss' 3 October mea culpa, the AEC had no other comment.
The actual reason for the barring of Muller's paper for presentation at the
conference rested not on his mention of the Hiroshima bombings, as most scientists

already suspected. The primary reason was concerns about Muller's loyalty, though
these may have been prompted or exacerbated by Muller's outspokenness on genetic risk

from fallout. According to Carlson, Muller's biographer--who later interviewed Libby-Libby believed that Muller could not be trusted. Muller's past certainly provided ample
evidence for suspicious minds. He had lived in the Soviet Union for four years, had
attacked capitalism in several of his prewar eugenics writings, and had returned to the
United States with numerous propaganda pamphlets from his time in the Soviet Union,
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all of which had been duly noted by the FBI. Libby himself was a political
conservative, as was Strauss.89
In response to a request from Senator Clinton P. Anderson, Chairman of the Joint

Committee of the Atomic Energy, for information regarding the AEC's handling of the
Muller case, the AEC drafted a letter that touched upon the loyalty issue, giving a view of

the affair quite different from the one reported in the press. According to the letter, the
Department of State required the AEC to "certify as to the lack of evidence of disloyalty"

for each member of the delegation. Due to U.N. deadlines for submitting possible papers
for the conference, the AEC did not have time to determine in advance whether or not the

authors of the papers could be accredited as not disloyal before submitting the papers to

the U.N. selection committee. Upon reviewing Muller's background, it was determined
that a full field investigation would have to be carried out for certification, which could
not be finished and the information analyzed before the final determination of the U. S.
delegates.

Given the inability to clear Muller in the requisite time frame, the AEC

decided to withdraw his paper from consideration in order to spare Muller the

embarrassment of having the real reason knownthat he was unable to be cleared as "not
disloyal" for the conference. The letter continued: "It would have been most unfortunate
if Dr. Muller's loyalty had been questioned following an incomplete investigation when a

complete investigation, if one had been possible, might have removed the doubt
discovered during the incomplete

investigation."90

The phrase in the added italics was

crossed out and "any doubt as to his loyalty" substituted in a handwritten comment on the

89
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draft. Due to the embarrassing questions about Muller's loyalty, the AEC decided not
to inform Muller of the actual reason for the AEC's actions. The letter assured Anderson

that Muller's disagreements with the AEC regarding genetic injury from fallout had no
bearing on the AEC's decision. Furthermore, in responding to the revelation that the
AEC, not the U.N., had decided against the inclusion of Muller's paper, the AEC gave a

"cover" or secondary explanation for the barring of Muller's paperhis mention of the
Hiroshima bombingagain to avoid embarrassing Muller over questions about his
loyalty. The letter admitted that without the questions surrounding Muller's loyalty, the
reference to Hiroshima would not have prompted the AEC to withdraw the paper.

The Commission's expressed desire not to taint Muller with the suggestion of
disloyalty is called into question by Everett Holles' attached comments to the draft: "Has

anyone on the JCAE raised the question of Dr. Muller's clearance? if not, I question
whether we should raise it and perhaps thus raise further questions. Information sent to
the JCAE has a mysterious way of leaking into print."91 The letter actually sent to
Anderson included no discussion of the loyalty issue and merely rephrased the response
given by the AEC to the press, that Muller's paper was withdrawn because of a late
realization of the mention of the Hiroshima

bombing.92

The original's mention of doubt

as to Muller's loyalty had been discovered in the incomplete investigation is unsurprising

given the Cold War climate of the 1950s. What is surprising, perhaps, is that given
Muller's well-known past such problems were not anticipated.

Given the strong, if not rabid, anti-communism of Strauss and LibbyStrauss
had privately suggested that the Fukuryu Maru was a "red spy ship"it seems likely that
91
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the Commissioners did have serious loyalty concerns about Muller, though he
received AEC funding and had advised the Commission on scientific matters on
numerous occasions, including the ABCC genetics study and the Oak Ridge mammalian
genetics program.93 However, particularly given Muller's well-known socialist leanings

and extended stays in the Soviet Union, the timing of their concerns about his loyalty
raises the question of what role his disagreement with the Commission's official position
on the genetic effects of fallout may have played. According to Carison's interview with
Libby, Libby "feared that concern over radiation damage would be exploited to prevent
the proper development of the hydrogen bomb or to sabotage its further development."94
A few weeks after the initial public uproar about the Muller Affair, Strauss asked Libby
for his help in replying to an editorial in the Toledo Blade about the Muller case. Strauss
wanted to send the editorialist a "sizzler" and Libby complied. After calling the editorial

"malicious, slanderous, and libelous," he stated that the AEC had not opposed Muller's
paper, but merely considered it out of bounds. He then vented his feelings to Strauss
about those scientists who publicized fallout hazards:
We have never deprecated fallout, but we have pointed to the fact that it is
small as compared to normal dosages and therefore the prophets of doom
had better check their reasoning. We have not said the last in public, but

have hinted at it strongly. This has stopped most of themSturtevant,
Pauling, etc. However, Muller apparently hasn't noticed this. He will one
day and I think you'll notice a change in attitude. If not, he will have lost
his potencyat least in the scientific community.95
Libby's comments show a strong interest in stopping the publicizing of fallout hazards by
scientists. Libby also seemed to believe sincerely that the comparison between natural
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background radiation and the additional background radiation added by fallout led to

the legitimate conclusion that fallout represented an insignificant public health risk. His
assertion that Muller, a Nobel Prize winner for his work on radiation genetics, would lose

his standing in the scientific community over his stand on the genetic effects of fallout
shows great confidence that the resolution of the scientific uncertainties about the
biological, and particularly genetic, effects of radiation would support the AEC's

position. The evidence suggests that Muller's paper was barred, at least in part, because
some of the Commissioners, Strauss and Libby specifically, did not appreciate the public
airing of fallout hazards, particularly on the international

stage.96

As staunch

anti-communists (which Muller himself became after the terrors of Lysenkoism and other

disillusionments with the Soviet system), it also seems likely that Strauss and Libby had
serious concerns about Muller's loyalty, despite his frequent role as scientific consultant

to the AEC and support of his research by the agency. However, Libby's comments to
Strauss also suggest that disagreement over scientific evidence and interpretations about
hazards was a factor in Libby's opposition to Muller.

This reticence to discuss fallout publicly was not true of all the Commissioners. Thomas E. Murray, the
only Commissioner who had been appointed by Truman was often at odds with the other Commissioners
(though he was in the majority opinion on the Oppenheimer case). Murray had attempted to persuade the
other Commissioners to add qualifying statements to reports of the health risks of fallout and had also
suggested a test moratorium on thermonuclear weapons. Both ideas were rejected. He earned the public
rebuke of the other Commissioners for publicly proposing that the United States hold a public
demonstration of a hydrogen bomb explosion for representatives of various foreign countries. In the talk
during which he put forth the proposal, he gave a summary of health hazards from fallout, including genetic
effects, stating: "The sheer fact of this effect is certain." Hewlett and Holl, Atoms for Peace and War, pp.
331, 336-338; Herken, Cardinal Choices, pp. 82-84; "Murray Favors Showing World an H-Bomb Blast,"
New York Times, 18 November 1955, 1:1; "Texts of Murray's Talk on H-Bomb at Fordham Fete and
A.E.C. Statement," New York Times, 18 November 1955, 12:1.
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The Genetic Basis of the BEAR Committee
The public statements on genetic hazards by, or attributed to, the AEC, as well as

the agency's suppression of Muller's paper evoked a unified reaction from geneticists.
All had generally taken strong exception to the public statements on the genetic effects of

radiation made, or seemingly endorsed, by the AEC. Geneticists also agreed on the basic
principles of radiation-induced mutation as summarized by the "linear, cumulative,

deleterious" dictum. However, despite these areas of basic agreement, geneticists were
divided over how to estimate quantitatively the number and significance of increased

mutations in humans. Several areas of disagreement influenced their positions on
estimating genetic damage. One was the appropriateness of extrapolating from data on
lower organisms to estimate genetic effects for humans. Another was how, or if, to
calculate a genetically permissible level of radiation exposure. A third issue was how to
estimate the effects of an increased mutation rate on the long-term genetic health of a
population. All of these issues were under debate in the genetics community in the years
before the NAS Committee, and all would prove to be important points of conflict during

the committee's deliberations.

James Neel and the Problem of Extrapolation
Of all the geneticists involved in the fallout debate, Neel was most adamant
against attempting to quantify radiation-induced genetic injury or set a permissible dose.
He strongly believed that reliable estimates of human radiation effects must be based on

human genetics studies. Other geneticists, working with Drosophila, mice, and other
experimental organisms, appreciated the desirability of more data on human genetics, but
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believed the much more precise data from experimental studies of fruit flies and mice

were the most reliable evidence for estimating genetic effects at the time. Fruit flies and
mice could be inbred and their mating carefully controlled, allowing the accumulation
data that provided evidence of recessive mutations and was more amenable to statistical

analysis. Controlled human genetics experiments were ethically, if not practically,
impossible. As a result, human genetics studies introduced many more confounding
factors. Clear-cut evidence of inherited mutations in humans was usually only available
from relatively frequent inherited diseases such as hemophilia and sickle cell anemia.
Also, it was impossible to account for and control the numerous selection pressures on a

human population that might affect the detectable expression of gene mutations. The
length of time between generations and the relatively small numbers of offspring of
human populations made the detection of mutations and their effects even more difficult.

To some degree, Neel personified both the increasing interrelations of medicine
and genetics and the relationships between academic scientists and the government. Neel

received a Ph. D. in genetics from the University of Rochester in 1939 and a M. D. from

the same institution in 1944. The University of Rochester was the site of much of the
biomedical research carried out by the Manhattan Project. After the war, the University
developed a major program in health physics and continued a strong program in radiation

biology. Neel interned in internal medicine at the Strong Memorial Hospital and the
Rochester Municipal Hospital. He was a member of the Association of American
Physicians and the Federation of Clinical Researchers, as well as the Society of
Naturalists and the Genetics Society of America. Unlike many of the geneticists involved
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in the debate over low-level radiation hazards, Neel had a strong background in both
medicine and genetics.

After the war, Neel took a position with the Institute of Human Biology and
School of Medicine at the University of Michigan. He continued to work closely with the

ABC as one of the lead consultants of the ABCC genetics project. The Hiroshima and
Nagasaki survivors provided a problematic, but unparalleled, opportunity to collect data

on irradiated human populations. Despite the attraction that the study held for Neelhe
remained involved with it for forty-five yearshis relationship with the ABC was
sometimes frustrating. In 1950, a review of the ABCC program by the ABC questioned
whether the expense of the program would justify the results. In 1951, the ABC cut the
ABCC's budget in half, which Neel feared might effectively terminate the program. In
part due to advances made in the Korean War, which made non-military expenditures
more palatable, the ABC backed away from its budget-cutting plans.' However, by 1954,

Neel once again had to defend the genetics program; in this case, the funding of a
proposal for collecting and evaluating the genetics data.
The Committee on Atomic Casualties of the NAS National Research Council
oversaw the ABCC study, though almost all of its funding came from the AEC. In a letter

to Curt Stern, under whom Neel studied at the University of Rochester, Neel vented his

frustrations with his attempts to secure funding for continued genetics studies. He noted
that there was "a great deal of friction" between the NAS Committee and the ABC
regarding the conduct of the genetics program. Neel believed that in the eyes of ABC
officials he appeared allied with the NAS in the dispute and, as a result, he had the feeling

1
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that "the A. E. C. felt for this reason I was not to be trusted and should be checked up
on at every possible interval."2 Shortly before a meeting of the Committee on Atomic
Casualties in 1954, Neel learned from Cannan that Shields Warren and John Bugher were

coming around to accepting the genetics proposal, but as they were not yet entirely

convinced, it would be best if Neel did not broach the subject at the meeting. In a
subsequent conversation with Earl Green, the geneticist for the Division of Biology and
Medicine, Neel discovered that Green was being sent to Japan to formulate his own
evaluation of the program. Neel interpreted this as another example of the AEC's lack of

confidence. At the time of the letter, Neel had still not received confirmation that the
proposal would be funded, despite Green's confidence in its eventual approval.

Neel' s work with the ABCC left him disillusioned: "As I have already stated
many times, this entire business has become unbelievably distasteful to me." Though he
might one day be grateful for the lessons learned from the experience, "even when my
perspective returns, I shall still have a very fundamental concern about the present-day
relationship between the scientist and his government."3 Neel' s letter was written both in

the context of his own difficulties with the AEC and the Oppenheimer hearings, which
had begun on 12 April 1954, three days before his letter to Stem. Neel found the hearings

deeply disturbing. Though Neel was closely connected with a major research project
carried out under the auspices, practically speaking, of the AEC, he found the relationship

a difficult one. Yet his devotion to the field of human genetics made the ABCC study
difficult to leave.

Neel to Curt Stem, 15 April 1954, American Philosophical Society Library Archives, Stem Papers,
correspondence, folder Neel no. 5.
James Neel to Curt Stem, 15 April 1954.
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Earlier, in a paper delivered at a 1951 symposium sponsored by the Biometric
Society and the Anthropology section of the American Association for the Advancement
of Science, Neel had made his case for the need for expanded studies of human genetics.
At the outset, Neel admitted that the difficulties in human genetics studies might make his

remarks on the study of human mutation rates seem premature and "highly speculative."
However, he contended that "man is probably not as unfavorable an object for such
studies as commonly believed, and it is high time we appreciated his possibilities in this
respect."4

Among the unfavorable aspects of genetic studies of human populations, Neel

raised the difficulty in determining the relationship between a particular phenotypic
effect and the genetic locus, or loci responsible for the effect. Clinically indistinguishable

phenotypes might be the result of a mutation at one of several different loci or caused by
the action of more than one gene locus. In controlled Drosophila experiments, geneticists
could determine the role played by different loci in the production of a phenotypic effect.

In humans, there was much greater uncertainty as to the gene locus responsible for a

phenotypic effect. Difficulties in accurately determining the frequency of a given
phenotype in a population and the selection pressures that operated to produce that gene
frequency also plagued human genetics studies.5
Based on his work on human populations, Neel suggested a higher human
mutation rate than Muller, whose estimate for the overall spontaneous mutation rate in
humans was the only one Neel specifically mentioned at the symposium besides his own.

Muller estimated the human mutation rate as possibly as high as 0.1 to 0.5 germ-line

James Nec!, "The Study of Human Mutation Rates," American Naturalist, 86:828 (1952), pp. 129-144, p.
129.

James Neel, "The Study of Human Mutation Rates," pp. 129-131.
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mutations per person per generation. Neel believed that a rather conservative estimate

was more on the order of 1.0. However, Neel' s higher estimate did not result in greater
concern over the effects of additional mutations. Muller's estimate, according to Neel,
was influenced by his concept of genetic load. Almost all mutations were deleterious
and, given enough generations, would result in a genetic death. Given that assumption,
Muller's estimate represented his opinion of the maximum mutation rate compatible with

species survival. Drawing on work in biochemical genetics, Neel suggested that the
concept of alternate metabolic pathways provided a mechanism by which a species could

sustain a greater number of mutations. Beadle and others had already recognized that
genes often acted by controlling the manufacture of enzymes. if there were a number of
alternative sequences for the production and regulation of cellular metabolites, then more

deleterious mutations could occur without a particular mutation becoming critical to the
cell economy.6

Neel further emphasized the need for human genetics research by casting doubt

on the wisdom of extrapolating from results with lowerorganisms to humans. He first
noted that much of the current thinking about human mutation rates was "strongly

influenced" by data collected from Drosophila. However, humans and Drosophila had
very different reproductive rates and life span. Neel estimated that in twenty-five years, a

human couple might produce six to eight offspring, while a pair of Drosophila would
potentially produce
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pairs of offspring. This disparity led Neel to muse: "One

certainly wonders to what extent, in the face of this enormous difference in reproductive
potential, there are grounds for postulating a similarity in mutation rates in terms of

'James Neel, "The Study of Human Mutation Rates," pp. 140.
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gene-generations."7

Neel related this difference to the classical/balance controversy.

If Drosophila findings were typical for shorter-lived life forms, would humans need to
maintain a high mutation rate to afford them "evolutionary plasticity" to keep pace with
the potentially rapid genetic change of their "competition," or would a low mutation rate
serve the species best by maintaining types that had already proven successful?
Neel closed his article by asserting the benefits in studying human mutation rates

despite the difficulties involved. In particular, he emphasized that there was a wealth of
biochemical and physiological data for evaluating the significance of a given trait to the

individual. Neel would continue to emphasize the importance of human mutation
studies. In a 1955 paper based on a 1954 presidential address before the American
Society of Human Genetics, he called for investigators to constantly keep in mind the

uniqueness of man. Though geneticists had learned a great deal from lower organisms,
such as fruit flies and mice, the time had arrived "for the flow of knowledge to be more of
a two-way proposition."8 Increased study of human genetics would also demand an

increase in interdisciplinary research, particularly between medicine and genetics, as
"good clinical medicine" was needed to detect accurately and assess the traits, or

phenotypic expressions of genes, under studyparticularly with regard to genetic
carriers of recessively inherited diseases or traits. Neel referred to the upcoming
Teaching Institute of the Association of American Medical Colleges [discussed earlierj
as "undoubtedly the most significant opportunity which has yet developed to present the
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place of genetics in the modern scheme of medical education."9 For Neel, the
inclusion of medical knowledge helped to offset the difficulties in obtaining genetic
knowledge by methods traditionally used in the study of lower organisms, though these
methods had provided much of the "strong intellectual appeal" for the study of genetics,
and provided "the opportunity to pursue a much more precise and mathematical line of
reasoning than is granted most of our colleagues in biology."0

Jousting with Sturtevant
Neel reiterated his view of the importance, if not primacy, of human genetic
studies for estimating the effects of mutation in a peer review for Science of Sturtevant' s

article, 'The Social Implications of the Genetics of Man." Neel critiqued the article in a
letter to Science editor Duane Roller, as his comments would far outrun the space on the

review sheet. Neel's critique of Sturtevant was twofold. Though admitting that he had
some bias towards human genetics studies because he had staked his professional career
on the "coming of age" of such studies, his early apprenticeship in Drosophila genetics.
(under Curt Stern at the University of Rochester) led him to suspect that Drosophila

geneticists might not recognize the extent of their own biases. Neel took particular
exception to Sturtevant's opening statement, "Man is one of the most unsatisfactory of all

organisms for genetic study." After briefly noting some of the difficulties with human
genetics studies and asserting that the same principles of inheritance were unambiguously

at work in humans and other animals, Sturtevant concluded that: In "fact, much of the

10
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argument concerning the practical aspects of the genetics of man is best based on
experimental evidence from other organisms rather than on what is known directly from
study of human

populations."2

In countering Sturtevant, Neel stated that there was a

great deal of information on gene frequency, particularly with regard to serological traits,
and that many inherited traits suitable for study had been identified and had data collected

upon them. He also mentioned the greater volume of information on the biochemistry of

humans. Neel placed some blame for the prejudice among some geneticists against
human genetics studies on a lack of interrelations between medicine and genetics:
On of the important things to be realized about the study of human
heredity in the past is that too often those expressing opinions in the field
have either been medical men with little or no genetic insight, or
geneticists who were insufficiently familiar with the subject of human
biology. The tempo of modern medical discovery has some really very
significant implications for the study of human genetics, implications with
which I think most of my colleagues who do not deal primarily with man
are quite unfamiliar.'3
In essence, Neel reversed the complaints of some geneticists that those in medical fields

had too little appreciation for genetics. Though not brought out directly by Neel, his
comments also reveal a shift in genetics itself. As he noted in his 1955 article, one of the
strong pulls of genetics was the precise mathematical reasoning the controlled
experiments with inbred organisms allowed, a quality that human genetics made

problematic. Neel' s constant reminders of the available biochemical evidence reflected
both the increasing use of organisms such as bacteria for genetic study, which allowed for

"James Neel to Duane Roller, 7 July 1954, American Philosophical Society Library, Neel Papers,
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greater elucidation of genes' biochemical effects, as well as the growth of molecular
genetics.

Neel' s second critique dealt with Sturtevant' s warnings about genetic risk, best

summed up by the following sentences from his paper:
There is no possible escape from the conclusion that the bombs already
exploded will ultimately result in the production of numerous defective

individualsif the human species survives for many generations. And
every new bomb exploded, since its radioactive products are widely
dispersed over the earth, will result in an increase in this ultimate harvest
of defective individuals. Some such defectives would be present if the
bombs had never been invented; the point is that the number due to the
bombs will be added to this irreducible minimum.'4
The question of genetic risk from radiation was close to Neel's heart, particularly due to
his involvement in the ABCC study. Though he believed it was proper to call attention to

the genetic risks of radiation, he also believed that "one who does so at the present time
has a moral obligation to put the problem, insofar as possible, into its proper
perspective."5

For Neel, other dysgenic influences affecting human populations might

be far more important than radiation, unless radiation exposure increased to "a point not

now conceived." Unlike Muller and many other geneticists, Neel made no mention of
improved medical care as one of the other dysgenic influences, instead providing as
examples the long-range effects of war and "the differential fertility problem." Neel also
believed it was important to point out the relativity of radiation risk. By this he meant not

the comparison of radiation genetic risk with other risks, but the uncertainty in current

quantitative estimates of the riskthere was "no basis for a clear judgment" until much
more information had been collected on spontaneous mutation rates, which often formed

" Sturtevant, "Social Implications of the Genetics of Man," p. 407.
'5iames Neel to Duane Roller, 7 July 1954.
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the basis of comparison for the risk from irradiation, as in the concept of the "doubling

dose," for more life forms, including

humans.'6

Neel added that his criticism of

Sturtevant might be unduly harsh because Sturtevant's article touched upon two issues
particularly close to his heart, but that he would not object to his critique being forwarded

to Sturtevant.

Roller forwarded Neel's comments to Sturtevant, who in turn replied to Neel.
With respect to Neel' s first critique, Sturtevant said:

I suspect that you are confusing the desirability of the studying the
genetics of man (a point stated in my MS) with the basic scientific
significance and adequacy of the conclusions reached. In particular, the
determination of human mutation rates is an indirect one, based on
assumptions as to selective effectsassumptions of a kind long since
disproved in the case of Drosophila.17
Sturtevant did not categorically deny the usefulness of human genetics studies.

Regarding studying the genetics of humans, he said: "Obviously no geneticists would
study such a refractory object [humans], were it not for the importance that a knowledge
of the subject has in other fields."8 Sturtevant's primary point was that conclusions
reached through human inheritance studies with implications for social issues, such as the

basis of intelligence or differences between races, should be taken with a grain of salt. In

essence, the first part of Sturtevant's paper was a reaction against the abuses of prewar
eugenics. He warned against using human genetics research to support the argument that
observed differences between races or classes were genetic in origin when such

differences might be due to social and environmental factors. Though Neel could not

have missed this aspect of Sturtevant's discussionit comprised half of his paperNeel
16
17

James Neel to Duane Roller, 7 July 1954.
Alfred Sturtevant to James Neel, 12 August, 1954, Caltech Archives, Sturtevant papers, box 11, folder 1.
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focused on the issue of the validity of all conclusions reached by human genetics.
Sturtevant, in turn, supported his position by referring back to work with Drosophila.
Sturtevant answered Neel's second criticism, about the need to put genetic risk in
the "proper perspective," by stating that it was not necessary to relate the genetic effects
of atomic bombs to other influences to which human populations were subjected.
Stutevant asserted that his point simply was to refute the "inexcusable" statement by
Strauss that fallout would have no effect, "which every geneticist knows to be wrong."9
Neel' s viewpoint regarding the estimation of human genetic effects seems to
reflect, in large part, his interest in the development of the sub-discipline of human
genetics. Human genetics had been virtually ignored since the early twentieth century by

both geneticists and medical practitioners and researchers. Neel hoped to convince
people that, despite the experimental difficulties, human genetic studies were central to
providing sound answers to many of the current questions surrounding human heredity.

He fully recognized the inherent problems in the study of human genetics. This
recognition, combined with his belief in the importance of human genetics research may
have contributed to his extreme caution in formulating any answers to questions

regarding the genetic effects of radiation. He was cautious in drawing any conclusions
from the ABCC study and, as a member of the NAS Genetics Panel, he resolutely resisted

any attempt to quantify expected genetic injury. Though Neel was a primary investigator
of the ABCC genetics study, which operated with the financing and approval of the AEC,

his frustrations with the Commission make it difficult to ascribe his reticence in offering

public warnings about genetic damage primarily to his ties to the AEC. Neel's
18

Sturtevant, "Social Implications of the Genetics of Man," p. 405.
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differences with geneticists such as Sturtevant over the usefulness of human genetics

might also reflect generational differences. Sturtevant was a founding member of

Morgan's fly laboratory and classical genetics. Neel constantly emphasized newer
strands of research, such as biochemical studies, that played important roles in the rise of
molecular genetics.

Russell and the Importance of Policy
Sturtevant also debated the problem of extrapolation with William Russell. In his

Engineering and Science article, Sturtevant had discounted Russell's work on
radiation-induced mutations in mice:

It has recently been suggested that there is a much greater effect in mice
[than Drosophila], and presumably in people, but I cannot agree that this
evidence is convincing. It would seem safest to assumeand it must be
recognized that this is only an assumptionthat the rate in man is roughly
the same as that in Drosophila.2°
Shortly after the publication of the article, Sturtevant outlined his doubts about the mouse

data to Russell. Though Sturtevant believed Russell's data had been carefully collected,
he was unhappy in generalizing from data based on only seven loci showing varying rates

of mutation. Sturtevant also doubted the reliability of the specific-loci Drosophila
experiments to which Russell had compared his rates (including one experiment by

Muller). Sturtevant believed that some of the phenotypic effects by which the mutants
were scored were either so slight that they might be overlooked, or were effects easily

mimicked by non-genetic variations. Finally, in disagreement with Muller and

'9A. H. Sturtevant to James Neel, 12 August, 1954.
20A. H. Sturtevant, "The Genetic Effects of High-Energy Irradiation of Human Populations," Engineering
and Science, 18 (1955), pp. 9-12, p. 10.
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Wright--as well as by implication--Russell, Sturtevant believed that the assumption
that mammals have many more genes than Drosophila simply was based on human

vanity. The assumption that mammals had more genes than Drosophila meant that
radiation would produce a greater overall number of mutations in mammals due to the

greater number of genes, presumably increasing genetic risk. (This appears to be an
objection against species comparisons in general, as Russell did not extrapolate from his
seven tested loci to the whole genome.) In conclusion, Sturtevant emphasized that he had

tried to get the minimum estimate of genetic radiation damage because "a minimum is
less open to attack, and therefore less likely to discredit the (whole) position of geneticists

in the estimation of the public."21 Sturtevant believed that only Drosophila data were
extensive enough for valid estimates of genetic damage. If using that data gave minimum
estimates, Sturtevant felt that was all for the best.

Russell recognized that there were problems with comparisons of the Drosophila

and mouse data. He apprised Sturtevant that a new Drosophila experiment had been
carried out at Oak Ridge specifically to provide a sounder basis of comparison. The new
Drosophila data had been obtained at eight specific loci which compared well with
Russell's seven loci and the experiment had been better controlled by ensuring irradiation

happened a the same time in the maturation cycle of the sperm. Russell told Sturtevant
that he understood his personal feelings about not going beyond a minimum estimate of

genetic damage. "However," Russell continued, "I feel it is our responsibility to
emphasize not the minimum, but the best point estimate of the hazard. In arriving at this,
I feel that, regardless of our reservations about generalizing from limited data, we should

21

A. H. Sturtevant to William Russell, 4 May 1955, Caltech Archives, Sturtevant Papers, box 11, folder 3.
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use what we have unless there are grounds for actually doubting these data."22 For
Russell, policy concerns were paramount and demanded the best estimate possible,
however tentative.
Russell's first discussion of the results of his mouse experiments at the 1950 Cold

Spring Harbor Symposium provided the template for his subsequent papers on the

subject. Russell's concluded:
Bearing all the above qualifications in mind, the present data, as they
stand, would seem to justify the statement that the radiation-induced
mutation rate in one mammal is considerably higher than that in
Drosophila for small, but similarly selected samples of loci and for
mutations that have visible effects when heterozygous with test stock
alleles. From a cautious scientific point of view, it would be unwise to
generalize from this, but, from the point of view of those concerned with
the immediate problems of protection in man, it would be risky to ignore
the indication that estimates of human hazards based on Drosophila
mutation rates may be too low.23
Though qualified in his wording, Russell held strongly to the position that his comparison

of Drosophila and mice mutation rates was valid, at least to a degree of proof he felt was

sufficient for policy decisions. One difficultly for scientists during the fallout
controversy, which will be returned to later, was negotiating between different standards

of proof deemed necessary for scientific versus policy conclusions. Russell clearly
recognized two different standards for judging the evidence. From a cautious scientific
viewpoint, the evidence was not conclusive enough to warrant inclusion in the body of

accepted scientific knowledge. Russell felt it was as yet unwise to draw scientific
conclusions from his results. However, from the policy viewpoint, Russell concluded

22

William Russell to A. H. Sturtevant, 13 May 1955, Caltech Archives, Sturtevant Papers, box 11, folder 3.
W. L. Russell, "X-Ray-Induced Mutations in Mice," Cold Spring Harbor Symposia on Ouantitative
Biology. vol. 16, Genes and Mutations (Cold Spring Harbor, NY: The Biological Laboratory, 1951), pp.
327-336, p. 334.
23
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that it was risky to ignore the implications of his results, strongly implying that they

should be accepted, at least for the time being. Almost every paper he wrote comparing
mouse and Drosophila mutation rates concluded with a section of human hazards and
quoted the phrase in his original 1951 paper that "estimates of human hazards based on

Drosophila mutation rates may be too low."
Perhaps the most explicit expression of Russell's concern with the human hazard,
as well as his most pointed defense of his conclusions on the species comparison, came in

his rebuttal of a paper by the Amherst geneticist Philip Ives, whose research was

supported by a Rockefeller grant. Ives took issue with Russell's results, concluding that
on the basis of the data of Russell, Alexander (who had carried out the new Drosophila
specific-loci experiment mentioned above), and himself, "for the present the
radiation-induced mutation rate per r locus appears to be similar in flies and mice."24

Russell was upset by Ives' paper and believed that it was full of "major errors and
illogicalities." In an eleven-page reply to Ives' original four-page paper, Russell disputed

him on almost every point. Aside from the scientific issues related to species
comparison, Russell felt obliged to rebut Ives because of the implications of the species

comparison for human hazards. In his letter to Sturtevant, Russell commented on Ives'
paper:

Ives, in the September-October, 1954, AMERICAN NATURALIST,
discusses the problem of species comparison, for specific-loci mutation
rates, without mentioning human hazards.. .1 regret having to get into a
public argument on this point, because I still believe it is difficult to make
the species comparison. However, since the practical problems compel us

24P1ip T. Ives, "Radiation Induced Mutation Rates in Drosophila and Mice," American Naturalist, 88:842
(1954), pp. 361-364, p. 364.
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to do so, it is important that the comparison be made as meaningfully and as
accurately as possible, and not as Ives makes it.25
In his rebuttal of Ives' paper, Russell noted that Ives had not discussed the application of

the mouse-Drosophila species comparison to human hazards. Russell stated that the
estimation of human hazards was the primary reason that he had attempted a species

comparison, regardless of the difficulties. Russell continued: "It is on this basis that
Ives' arguments and conclusions have been questioned, and not because of any belief that

a final answer may have been reached as to the relative mutation rates of the two
species."26

For Russell, a responsible scientist needed to place the discussion of species

comparison within the broader, practical context of human radiation hazards.
Though Neel, Sturtevant, Russell, and other geneticists I have mentioned all
accepted the fundamental qualitative tenants of radiation genetics which held that genetic

damage was undoubtedly occurring, they held differing views on how, or if, species

comparisons should be used in estimating this damage. For Neel, the uniqueness of
humans demanded data, however difficult to acquire, on human mutation rates for the

proper evaluation of human hazards. He was exceedingly reluctant to offer any estimate
of the genetic hazard in the absence of such data. Sturtevant was willing to offer
quantitative estimates of genetic injury, but only of the minimum, which coincided with
basing the estimate on data from Drosophila, his experimental organism of choice.
Russell believed that it was necessary to use his mouse data in estimating genetic damage.

Though inadequate for reaching strong scientific conclusions, the data seemed to Russell
to provide the best guide for evaluating the human hazard.
25

All three geneticists believed

William Russell to A. H. Sturtevant, 2 May 1955, Caltech Archives, Sturtevant Papers, box 11, folder 3.
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in the linear, cumulative, deleterious dictum and agreed that some public discussion of

genetic hazards was desirable. However, they differed considerably in their opinions on
how, or if, to estimate the magnitude of the genetic hazard. This would be one of the key
debates in the deliberations of the NAS Conimittee.

How the AEC Addressed Genetic Hazards
Though the AEC ignored or indirectly rebutted (as with the U. S. News & World
Report article) public statements about genetic hazards, such as Sturtevant's, there is little

evidence that they sought to prevent publication of scientific papers on the subject
(though they prevented the oral presentation of Muller's Geneva paper, it was published

in the conference proceedings). Privately, the Commission had recognized the growing
importance of considering genetic hazards. Even before Sturtevant's comments drew
public attention to genetic hazards, the AEC had conducted experiments on the genetic

effects of bomb-produced radiation. The AEC had also convened a conference on
genetics for advice on future genetics research.
Severa4f the AEC-sponsored studies of the genetic effects of nuclear detonations
were presented at a symposium organized by Hollaender for the Joint Session of the
American Society of Naturalists and the Genetics Society of America at the 28 December
1953 AAAS Meeting. The majority of these studies concerned possible differences in the

genetic effects of fast neutrons produced by the explosions in comparison to other forms

of ionizing radiation, such as gamma rays. All the papers presented at the 1954
symposium were submitted to the AEC for review and all were approved. According to
W. L. Russell, "Comparison of X-Ray-Induced Mutation Rates in Drosophila and Mice," American
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Harold H. Plough, former geneticist for the AEC Division of Biology and Medicine,

the only restrictions concerning publication of the data were that: "Contributors cannot
discuss specific detonations, locations of the test materials, nor distances from the
detonations. They cannot compare one detonation with

another."27

Geneticists from Oak

Ridge were heavily represented; however, scientists from at least ten universities were
also significantly involved the detonation studies, and several presented papers at the
symposium.

The organization of the symposium reinforces a point made previously regarding
the AEC's information policies, namely, that the AEC's information policy differed with
respect to the scientific community and the general public. Though the scientific papers at

the symposium were reviewed by the AEC, there is no evidence that they were

substantially altered in the process. The symposium papers were published in the
July-August issue of American Naturalist. Several of the papers concluded that the fast
neutrons from nuclear detonations were much more effective than gamma rays and x-rays

in causing genetic and chromosomal

damage.28

In his paper, Russell noted that, as an

upper limit, detonation-produced neutrons were unlikely to be more than one and a half
times more hazardous than cyclotron-produced neutrons.29 Though the AEC, at least
since its 1950 review of Grobman's book, had shown great concern over the public
discussion of the genetic hazards of radiation, scientific publication of results showing
Naturalist, 90:850(1956), pp. 69-80, p. 79.
27
Alexander Hollaender to Paul B. Pearson, Biology Branch, AEC Division of Biology and Medicine, 25
March 1954, end "Introduction to the Symposium," CIC, document no. NV0079285.
28
George H. Mickey, "Visible and Lethal Mutations in Drosophila," American Naturalist, 88:841 (1954),
pp. 241-255; E.B. Lewis, "The Theory and Application of a New Method of Detecting Chromosomal
Rearrangements in Drosophila melanogaster," American Naturalist, 88:841 (1954), pp. 225-239.
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greater genetic damage from radiations primarily associated with nuclear weapons
seemed to have passed unhindered into the

literature.30

After the Bravo shot, the ABC increased its focus on the genetic effects of
radiation. A month after the publication of Sturtevant' s article in Science, the AEC' s
Division of Biology and Medicine, at the instigation of staff geneticist Earl Green, held a

Conference on Genetics at Argonne National Laboratory. The participants were drawn
from the network of geneticists who were receiving funding from the ABC. All except
Sewall Wright and the Chair, B.C. Stakman, received some funding from the
Commission.31

Several of the geneticists not associated with the National Laboratories,

Stem, Beadle, Glass, and Plough, had already served (or were serving) in the ABC
advisory network or, in Plough's case, had been a part of the ABC's Division of Biology

and Medicine staff. These associations problematize any superficial assumption that
ABC connections necessarily swayed participants to adopt an ABC-friendly view.
Regarding financial ties, it is difficult to find many geneticists of note who did not receive

ABC funding in the 1950s. Since 1954, for example, the AEC accounted for more than

29WL Russell, Liane B. Russell, A.W. Kimball, "The Relative Effectiveness of Neutrons from a Nuclear
Detonation and from a Cyclotron in Inducing Dominant Lethals in the Mouse," American Naturalist,
88:841 (1954), pp. 269-286.
30Further evidence of the AEC's preference for the publication of fallout-related information in scientific
journals comes from the minutes of a 1955 meeting on Project Sunshine: "Consideration was given to the
methods by which Sunshine data should be published in the open literature. Three schemes were
mentioned: a single all-inclusive paper, a series of papers from the individual laboratories in the same issue
of the same journal, and independent papers from the various laboratories in whatever journals are most
appropriate for the subject matter. The first method was generally disfavored. The second was thought to
offer greater accessibility and cohesion of data, and the third, a more favorable public relations situation."
"Sunshine Meeting at New York Operations Office, 23 May 1955" CIC, document no. NV0026926.
'
The participants were Stakman, Curt Stern, UC Radiation Laboratory; W.L. Russell, Oak Ridge; W.R.
Singleton, Brookhaven; N.H. Giles, Yale; E.L. Powers, Argonne; W.S. Stone, Texas; G.W. Beadle,
Caltech; H.H. Plough, Amherst; J.V. Neel, Michigan; Theodosius Dobzhansky, Columbia; Bruce Wallace,
Long Island Biological Laboratory; H.B. Glass, Johns Hopkins; and Wright, University of Chicago;
"United States Atomic Energy Commission, Division of Biology and Medicine, Conference on Genetics,
Argonne National Laboratory, November 19-20, 1954, Summary of AEC Genetics Program," Caltech
Archives, Beadle Papers, box 22, folder 22.7.
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one third of all federal grant and contract funds for unclassified research in genetics.
In short, the AEC was the largest single granting agency for such funds other than the
Department of Health, Education, and Welfare.32 In addition, though a particular AEC
grant might be listed under a scientist's name, that scientist did not necessarily receive the

actual funding. For example, though Beadle was listed as the recipient of an AEC grant
to Caltech for "The Genetic and Cytological Effects of High Energy Radiation," neither

he nor Sturtevant received any of the funds. Though they might nominally be the
Principal Investigators, the actual funding went to other scientists, such as E. B.

Lewis.33

Though financial connections to the AEC do not seem to have had significant
influence on geneticists' professed views (Muller continued to receive AEC funding
throughout the 1950s) or necessarily influenced who was selected for the advisory
committees, the degree and direction of individuals' outspokenness on radiation effects
may have played a role in the selection process. It is interesting to note that Dobzhansky
and Wallace, whose views on long-term radiation effects fit well with the AEC's desire to

minimize radiation effects, were on the 1954 Committee while Muller and Sturtevant
were not.

In 1961, Max Zelle, then the AEC's Assistant Director for Biological Sciences,

wrote to Curt Stem seeking advice on who should be Bentley Glass's successor on the

321n 1954, the AEC disbursed $597,300 for genetics research; the Department of Health, Education, and
Welfare: $647,800; the Department of Defense: $121,700; the National Science Foundation: $117,400;
the United States Department of Agriculture: $93,200. These totals do not include research done at
government laboratories. William V. Consolazio and Margaret C. Green, "Federal Support of Research in
the Life Sciences," Science, 124 (1956), pp. 522-526.
"United States Atomic Energy Commission, Division of Biology and Medicine, Conference on Genetics,
Argonne National Laboratory, November 19-20, 1954, Summary of AEC Genetics Program," p. 4;
"Application to the U.S. Atomic Energy Commission for renewal of support of project At(04-3)-41 -- The
Genetic and Cytological Effects of High Energy Radiation," 9 September 1955, Caltech Archives, Beadle
Papers, box 69, folder 69.16.
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Advisory Committee for Biology and Medicine. After discussing the matter with
Charles Dunham, the Director of the Division of Biology and Medicine, Zelle told Stem
that Ernest Caspari was currently his first choice over James Crow, who had been on the
NAS BEAR Committee and was a close scientific collaborator of Muller's:
In explanation of my opinion favoring Caspari, we both know that Jim
Crow has been very interested in the problem of genetic hazards of
radiations for many years. However, because of this interest he has
become identified with a certain position which might cause some people
to wonder as to his complete objectivity. This doesn't particularly worry
me, but perhaps it is a factor. Because of his long and active interest in
this problem Jim is actually my second choice.34
Stern agreed that Caspari would be an excellent choice, but added that Crow would
hardly be his second choice and that he had no doubts about his

objectivity.35

Though

Zelle takes responsibility for making Crow the second choice, he states that it is not that

he doubts Crow's objectivity, but that others might. It seems likely that "some people"
referred to AEC officials, such as Dunham. Zelle's letter makes it clear that scientists'
positions on the significance of radiation hazards (Crow believed the genetic hazards
from fallout were significant) could affect whether or not they were asked to serve on
advisory committees.

Of course, the matter is still not cut and dried. Though Muller did not serve in an
advisory capacity to the AEC after his consulting work in the 1940s, he did serve on
subcommittees of the National Committee on Radiation Protection from which the AEC

took its cue with regard to radiation standards. For their part, neither Dobzhansky nor
Wallace were fixtures of the AEC advisory committee circuit. In large part, the advisory
34Max Zelle to Curt Stern, 10 January 1961, American Philosophical Society Library, Stern Papers,
correspondence, box WILLI-Z, folder Zelle, Max R.
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committee network seemed self-perpetuating. People who had served in an advisory
capacity before were often the first thought of when an advisory position came open
again. Both Beadle and Stem spent time as advisors to the AEC in several capacities over

the years--as members of the Advisory Committee on Biology and Medicine, on ad hoc
advisory committees, and on the Oak Ridge National Laboratory Advisory Committee on

Biology. Years after the end of Stem's tenure on the AEC's Advisory Committee for
Biology and Medicine, Zelle still called upon him for advice on official Division of
Biology and Medicine matters.36

The Argonne Conference
Though the expressed purpose of the 1954 AEC genetics conference was simply
to review the present status of research in genetics and offer guidelines for the future
development of the AEC genetics research program, discussions at the conference
revealed many of the scientific and policy issues that would come to the fore in the
meetings of the BEAR Committee. The participants discussed problems of extrapolation
from other organisms to humans, the determination of the effects of increased radiation

exposure on populations, permissible dose, and fallout. Generally, discussions related to
policy issues were brief or indirect. However, the opening remarks of John Bugher, a
physician and the Director of the AEC's Division of Biology and Medicine, left little
doubt as to the policy implications of their discussion and his view of the current
statements by some geneticists on the effects of radiation exposure.
Curt Stern to Max Zelle, 13 January 1961, American Philosophical Society Library, Stern Papers,
correspondence, box WILLI-Z, folder Zelle, Max R.
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Bugher began his remarks by recounting his diligence in attempting to instill a

knowledge and appreciation of genetics in his pathology students. He went on to admit
that in the prewar era, physicians were often quite complacent about genetics because

understanding genetics was then simply a matter of knowledge for its own sake. If there
was a genetic component to a disease or abnormal development, there was nothing the

physician could do about it. In the postwar era, according to Bugher, genetics had come
of age, particularly (in an obvious reference to fallout) due to problems related to
"modifications of environmental influences which may come to bear in a genetic sense
upon the whole population."37 Furthermore, these "modifications of environmental

influences" were of profound consequence to national and international policy. Bugher
went on to charge geneticists with their newfound tremendous responsibility:

.opinions are not good enough. Opinions have more and more to be
replaced by conclusions because we cannot run a high probability of being
wrong in a rather large way in matters which may effect [sic] the welfare
of the whole country. So that the rather free and easy way in which we
used to express opinions as what one would like to believe in the area of
genetics is no longer suitable or satisfactory.
It is a situation in which, therefore, sound scientific conclusion is
the essential thing or a clear recognition of our ignorance. Observation
itself has to replace prediction as much as possible. In the genetic field,
every effort has to be made to reach firm conclusions based on solid
observation no matter how much work is involved in the process because
upon these conclusions major policy decisions have to be made.38
Bugher's remarks are similar in attitude to his 18 April 1955 letter to Libby chastising

geneticists for their overly-emotional speculations on radiation hazards. Bugher's
opening statement clearly attempted to undermine recent statements by geneticists on
36

Max Zelle to Curt Stern, 19 September 1958, American Philosophical Society Library, Stern Papers,
correspondence, box U, folder U.S. Atomic Energy Commission.
37Transcript of The Conference on Genetics, United States Atomic Energy Commission, 19-20 November
1954, Caltech Archives, Beadle Papers, box 22, folder 22.7, p. 10.
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radiation hazards and to use the policy implications to shift the burden of proof to
geneticists by imposing stringent standards of evidence.
Bugher' s general view of the validity of geneticists' claims about radiation effects

showed through in his initial broadside against opinions, when the "high probability of
being wrong in a rather large way" was associated with these opinions. He also believed
weapons testing was important, linking it to the entire country's welfare and noting that
the questions of genetic damage had profound consequences both nationally and

internationally. For Bugher, weapons testing was important; what remained to be seen
was how important the genetic effects of low-level radiation were. In shifting the burden
of proof to geneticists, Bugher set forth a near-impossible standard of Baconian
induction. At the end of the first paragraph, quoted above, he undercut geneticists' views
by identifying them with physicians, such as himself, who had viewed genetics as an

interesting game of opinion: "the rather free and easy way in which we used to express
opinions as what one would like to believe in the area of genetics." This directly parallels

Bugher's reminiscence in his talk about physicians' views on genetics as he said:
.it was easy to take a rather distant view of the matter and say, well, for
example, although the evidence isn't very marked, it is my opinion that
such and such is the case, and one could be quite content and fairly
relieved with the situation because it wasn't going to make very much
difference.39

Bugher also contrasted observation with prediction, preferring as little of the latter as
possible.

38Transcript of The Conference on Genetics, United States Atomic Energy Commission, 19-20 November
1954, pp. 11-12.
39Transcript of The Conference on Genetics, United States Atomic Energy Commission, 19-20 November

l954,p. 10.
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Bugher's characterization of the scientific validity of geneticists' views stood
in sharp contrast to their own. As pointed out earlier, prewar genetics was theoretically
driven. Because of the unique nature of genetics in comparison with many biological
sciences, namely the use of carefully controlled experimental systems and the ability to
check their experimental results mathematically, geneticists, much like physicists, could

rigorously test their hypotheses. Also, though all geneticists agreed that precisely
quantifying the genetic damage caused by radiation was not currently possible, they did
not believe that the qualitative points that they wished to drive home, as summarized in
the linear, cumulative, deleterious dictum, were free and easy opinions without evidence.

Bugher's remarks revealed his opinion on what should be considered good science. His
view reflected differences between the perspectives of medicine and genetics that had
their origins in the prewar era.

Little was decided at the Argonne conference. In two days, the participants
attempted to discuss a wide range of subjects, covering mutation studies, cytogenetics,

biochemical, physiological, and developmental genetics, and population genetics. The
conference summary was basically a list of questions considered, but unanswered. The
AEC summary did identify three general questions of direct interest to the AEC: (1)
What were the spontaneous and radiation-induced mutation rates in humans? (2) What
effect would increased radiation exposure have on the genetic constitution of human

populations? (3) How might radiation in conjunction with breeding programs be used to
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develop useful new varieties of plants and animals7'° The first two questions lay at
the heart of attempting to quantify the genetic damage from radiation.
Determining mutation rates, particularly the spontaneous mutation rate, was

problematic for several reasons. As mentioned above regarding the 1949 Brookhaven
genetics symposium and Robley Evans' paper, observed differences in mutation rates at
different loci made it difficult to arrive at a conclusive average based on the data.
Particularly with regard to human spontaneous mutation rates, the loci chosen for study
might comprise a biased sample because they represented relatively common inheritable
diseases, such as hemophilia, that could be measured with statistical significance in
human population samples. In addition, the different observed mutation rates at different
loci in human and experimental populations could be explained in two ways. One, each

locus had an inherently different mutability. Two, each locus had the same inherent
mutability, but tests for detecting mutations recovered different proportions of the
mutations at each locus. Regardless of which postulate was true, geneticists realized that
none of their tests were able to measure the total mutation rate. Existing genetic tests for
mutation rate generally measured easy-to-spot phenotypic, or visible, mutations, and
lethal mutations which killed the offspring.4' Prime examples were Muller's C1B test and

Russell's specific-locus test. The advantage of tests focusing on obvious mutations was
that they allowed a greater measure of objectivity, since they did not depend upon a
highly-trained eye, and they allowed the mutations to be scored rapidly, which in turn
allowed the practical use of a greater number of experimental organisms.
Conference on Genetics, Argonne National Laboratory, November 19-20, 1954, Summary, CIC,
document no. NV00405092.
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Though all the participants in the conference seemed to agree that reliable
estimates for spontaneous mutation rates were desirable, not everyone agreed that
knowledge of the spontaneous rate was important for estimating the human hazard.
Russell in particular thought that it was best to estimate genetic radiation damage
independently of the spontaneous mutation rate.42 Many published estimations of the
genetic hazards of radiation used the concept of the "doubling dose" as a guideline for

setting limits on human exposure. The doubling dose was the amount of radiation that
would double the natural spontaneous mutation rate. Like most benchmarks in radiation
protection, this standard was more or less arbitrary, based on the seemingly conservative
assumption that doubling the spontaneous mutation rate would not significantly injure the

genetic constitution of the population.
Russell intermpted a discussion of some of the myriad problems with determining

the spontaneous mutation rate to suggest that the doubling dose be dropped in estimating

the genetic hazard. In part, he argued that the very difficulty in determining a reliable
spontaneous mutation rate made it unsuitable. In addition, the different rates between
loci raised questions beyond the difficulties those posed for determining an average rate.
Russell noted that the S locus in his mouse test which gave one of the lower mutation
rates was also the most harmful locus in the heterozygous condition, as it caused an

obvious reduction in weight. The result was that the doubling dose for S locus would be
10 r rather than the 30 r currently discussed in relation to the average spontaneous

mutation rate. Should the doubling dose be based on loci that, when mutated, obviously
41

Transcript of The Conference on Genetics, United States Atomic Energy Commission, 19-20 November
1954, pp. 23-27.
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caused significantly detrimental defects, even though this might lead to a dramatically

lowered doubling dose? Finally, commenting on the arbitrary nature of the doubling
dose, Russell asked, "If one comes out with an answer, for example, that the 30 r will
double the spontaneous rate, everybody is happy, but what does this mean from [sic] the

human population? How much can we stand? Can we stand ten times, 100 times? It still
doesn't answer the question of hazard for me."43

The question of the doubling dose, or the amount of induced mutation relative to
the unavoidable spontaneous mutation, seemed closely tied to how one chose to evaluate
and express the significance of genetic radiation effects. At the conference, Beadle sided
with Russell, arguing that while the spontaneous rate was a given, the induced rate from
additional radiation was something that could be controlled and that, "I still insist that the
amount you add is important irrespective of what you had to start with. That is, if half the

people died spontaneously, and you killed half of the remaining ones, this would be
important."

Other participants, including Plough and Neel, argued that the relative

amount of added genetic injury was important for putting the problem in its proper
perspective, both for weighing the relative importance of radiation4nduced genetic injury

against other genetic hazards, as well as weighing the genetic risk against the benefits

gained by testing, etc. Neel countered Beadle by arguing: "Suppose you could
demonstrate on paper that you were going to increase it by five percent, the mutation rate,

a certain amount of radiation. I could make a case for the effects of war being a much

42

of The Conference on Genetics, United States Atomic Energy Commission, 19-20 November
1954, p. 37.
43Transcript of The Conference on Genetics, United States Atomic Energy Commission, 19-20 November
I954, p. 77.
Transcript of The Conference on Genetics, United States Atomic Energy Commission, 19-20 November
1954, p. 77.
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more imminent threat than is radiation damage."45 At this point in the evidently
heated discussion, the Chair cut off the debate by noting that "Whatever the spontaneous
induced rates are, it is perfectly evident that the spontaneous rate of the discussion here is

very high..." and reminding them that there were many more topics to cover in a short
amount of time.

The use of the doubling dose was, and would remain, contentious. In his critique
of Sturtevant's paper, only a few months before the conference, Neel had asserted that
there was "no basis for a clear judgement until we have much better information than we
now possess on spontaneous mutation rates in a variety of forms, including man."
Though Sturtevant had not specifically critiqued the doubling dose in his article, he had
stated that the key point was that a number of harmful mutations would be added to the

irreducible minimum. In a letter to Sturtevant in the wake of the U. S. News & World
Report article, Russell said: "For a long time, I have felt the way you do about the
inadvisability of using, as a measure of radiation damage, the amount of radiation
necessary to double the natural mutation rate."47 Noting that Beadle had agreed with him

on this subject at the Argonne conference, he regretted that Earl Green, then the AEC
staff geneticist, had not been convinced and had used the doubling dose concept in his
recent statements to the Joint Committee on Atomic Energy.
The geneticists at the conference also addressed the assumption of linearity for

genetic radiation effects. By 1954, it was becoming recognized that the linear
relationship between radiation dose and observed mutations did not hold at high doses. In
Transcript of The Conference on Genetics, United States Atomic Energy Commission, 19-20 November
1954, p. 78.
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a 1954 paper, Muller and his colleagues at Indiana University irradiated Drosophila
with doses of 1000 and 4000 r, noting that they recovered fewer lethal mutations than

expected at the 4000 r. At the high dose level, the dose-response curve flattened,
deviating markedly from the expected linear relationship. Muller explained this
deviation from the linear relationship as a function of zygotic or germinal selection due to

chromosome breakage. Numerous researchers had already shown that structural
chromosome changes did not strictly adhere to a linear relationship, increasing more

rapidly with dosage increases. Muller postulated that the increase in chromosome
breakage, which would particularly affect sperm cells with a higher frequency of induced

lethals, caused lethal effects in the germ cells or zygotes that prevented them from

producing viable offspring. Thus, the number of recovered recessive lethal mutations
would be depressed below the number of actually induced lethals. If effect, this was
similar to the flattening of the dose-response curve for somatic damage, when at high
doses the effects of cell death or the death of the organism itself affected the incidence of

cancer or other somatic damage. Though Muller admitted that these results called into
question the validity of the linear model at high doses, he concluded:
At the same time, it should be emphasized that at lower doses the selective
effects here in question would usually be too weak to disturb the observed
frequencies materially. Hence the linear relation established for these
lower doses must be accepted as real, and as representing the workings of
the primary mechanism of production of "point mutations" by radiation,
whatever complications may be found at higher doses.48

James Ned to Roller, 7 July 1954, American Philosophical Society Library, Neel Papers,
correspondence, box S. folder Science.
"
Russell to Sturtevant, 2 May 1955, Caltech Archives, Sturtevant Papers, box 11, folder 11.3.
48H. J. Muller, I. H. Herskowitz, S. Abrahamson, and I.!. Oster, "A Nonlinear Relation between X-Ray
Dose and Recovered Lethal Mutations in Drosophila," Genetics, 39:5 (1954), pp. 741-749, p. 748.
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Though the linear relationship for genetic injury had been called into question, Muller

strongly asserted the reality of the linear relationship for low doses of the type received
from fallout and medical uses of radiation. The linear relationship was "real," not only in
its statistical manifestation derived from the experimental data, but it represented the

workings of the mechanism of the production of mutations. William Russell later tested
the linear relationship in mice, reporting in 1956 that the detected mutation rate at 1000 r
was one third of that expected from a linear extrapolation of the 0 r and 600 r rates.
Russell also suggested that cell death at higher dose rates might be responsible for the
flattening of the dose-response curve, adding that an on-going experiment at a 300 r dose

so far showed a mutation rate "that does not depart significantly from a linear
interpolation between the 0 r and 600 r points."49 Though these experiments questioned
the linear assumption, they did so regarding a dose range that was not central to the public

and policy debates regarding genetic injury from radiation.
Ralph Singleton, who had recently completed experiments seeming to show a
threshold for genetic injury was the only one who seemed to question seriously the linear

effect, asking how there could be non-linearity at high doses and not at low doses as
well.50

In a 1954 paper, Singleton concluded that based on his experiments with maize,

there was a non-linear relationship between radiation dose and mutation rate: "This was
shown quite conclusively by disproportionately higher mutation rates at the higher
dosages, and was definitely indicated by the fact that there seems to be a threshold of
dosage required to raise the mutation rate from the spontaneous level to a detectable
W. L. Russell, "Lack of Linearity between Mutation Rate and Dose for X-Ray-Induced Mutations in
Mice," Genetics, 41:5 (1956), pp. 658.

increase over that level."5' Singleton estimated that the threshold for mutation
induction in maize endosperm was 20 r to 40 r per day. He clearly thought that he had
convincing evidence for a threshold effect. In a report of a 1950 AEC-sponsored
symposium on radiobiology for the March-April 1954 issue of The Journal of Heredity,
he concluded by alluding to his upcoming publication in Genetics:
Even now, just four years since these papers were given, modifications of
some of the ideas laid down in the symposium are forthcoming. Recent
work involved with the genetic effects of chronic gamma radiation in
maize suggests that mutations produced are not directly proportional to
dosage. Also there seems to be a threshold around 20 to 40 roentgens per
day below which there is no increase of mutation rates over control rates.
As new work is done, possible other theories will be subject to change.52

However, Singleton's challenge to the linear hypothesis did not succeed. Generally,
Singleton's results were ignored by the genetics community--not because of his
affiliation with the AEC, though his threshold result would have been a godsend for the
agency, but because they contradicted long accepted scientific assumptions about
radiation genetics, as well as because of methodological issues.53

50TTamCnpt of The Conference on Genetics, United States Atomic Energy Commission, 19-20 November
1954, p. 52.
W. Ralph Singleton, "The Effect of Chronic Gamma radiation on Endosperm Mutations in Maize,"
Genetics, 39:587 (1954), Pp. 587-603, p. 598.
52W. Ralph Singleton, "Radiation Effects on Living Systems," The Journal of Heredity, 45:2 (1954), pp.

58,64.

Only one geneticist, Nils Nybom, bothered to directly refute Singleton's results. Other authors who cited
his paper quoted aspects of it that were unrelated to the linear-threshold question. Nils Nybom, "The
Pigment Characters of Chlorophyll Mutations in Barley," Hereditas, 41(1955), pp. 483-498; N. Nybom, A
Gustafsson, L. Granhall, and L. Ehrenberg, "The Genetic Effects of Chronic Gamma Irradiation in Barley,"
Hereditas, 42(1956), pp. 74-84; Val W. Woodward, "Mutation Rates of Several Gene Loci in Neurospora,"
Proceedings of the National Academy of Sciences of the United State of America, 42:10 (1956), pp.
752-758; Seward A. Sand, Arnold H. Sparrow, and Harold H. Smith, "Chronic Gamma Irradiation Effects
on the Mutable V and Stable R Loci in a Clone of Nicotiana," Genetics, 45 (1960), pp. 289-308; C.K. Yu
and E.O. Dodson, "Effects of Centrifugal Force upon Chromosome Mutation in Barley," Genetics, 46
(1961), pp. 1411-1423; Gosta Eriksson, "Induction of Waxy Mutants in Maize by Acute and Chromic
Gamma radiation," Hereditas, 50 (1963), pp. 161-178. Singleton was not ignored by the press. In a 1955
New York Times article, he was presented as a counterpoint to Sturtevant's warning about genetic damage.
The Times reported him as stating that "...there probable is a safe threshold of radiation, below which no
genetic changes occur. Extensive experiments with corn have shown that it takes a sizable amount of

By 1956, Singleton's references to his 1954 results would be more muted.
After noting that the results of experimental induction of mutations in maize with thermal

neutrons showed linearity at low doses and non-linearity at high doses, he added:
"Mutation curves obtained in studies with maize that was continuously exposed to
gamma radiation also possess similarities to those presented here but suggest that there
may be a curvilinear mutation-dose response between certain lower dosage

levels."54

Though he did not entirely forsake his earlier results, his reference to it clearly indicated
that his current experiment had not provided supporting evidence for a threshold.

Stem had earlier raised the issue of linearity as that "old troubling question."
Providing an overview of his Drosophila experiments on low dose rates, he noted that at
0.1 r per day up to a total dose of 5 r, there still seemed to be a linear relation, though it

was somewhat unclear because spontaneous mutation rates were very variable. "This,"
he said, was "the one great problem about control rates; they are variable from one
experiment to

another."55

Stem added that the linear relationship could use more work at

low levels, but that another experimental organism would be needed, as he believed the

limits of detectability had been reached with Drosophila. Russell likewise stated that his
results confirmed linearity except for high dosages of 1000 r and above. He had started
mouse experiments at 300 r to check for linearity between his previous low dosage, 600 r,

and zero. Though early results still supported linearity, he admitted that they were rough
radiation to produce mutations..." Singleton went on to mention the lack of "significant" signs of genetic
effects among the Hiroshima and Nagasaki survivors in support of his position that there probably was a
threshold. This use of the Japanese data was exactly what geneticists associated with the ABCC project
feared. "Experts Explode Fall-Out Myths," New York Times, 17 April 1955, p. 42.
Calvin F. Konzak and W. Ralph Singleton, "The Effects of Thermal-Neutron Radiation on Mutation of
Endosperm Loci in Maize," Proceedings of the National Academy of Sciences of the United State of
America, 42:2 (1956), pp. 78-84, p. 83.
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and that it was still difficult to get a precise dose-effect curve. He, too, recommended
lower dose experiments, though he was unsure how low one could feasibly go with
mice.56

An AEC special ad hoc Advisory Committee on Genetics later recommended
extending mice experiments to 150 r and possibly 75 r, though Russell was resistant to

going lower than 150 r with mice. The Ad Hoc Committee also recommended very low
dose experiments to confirm the absence of a threshold (or show that one existed) though

due to the difficulty in detecting such small differences in induced and spontaneous
mutations rates, they suggested that an experimental system based on microorganisms

would need to be developed. Beyond that, they also foresaw difficulty in finding an
investigator to undertake such experiments: "Whereas existing data appear inadequate to
some critical scientists, e.g., to physicists interested in biology, geneticists in general are
convinced that there is no threshold, and it may be necessary to persuade one or more
competent investigators that the data are really

needed."57

Though geneticists knew that

there was not direct evidence of linearity at very low doses (Stem's experiments had only
gone as low as 25 r) and thought that it might be desirable to have such evidence, the
near-unanimity of existing evidence for a threshold combined with its fit with theoretical
considerations supported linearity well enough for geneticists to accept it as a

fundamental tenet of radiation genetics. The "troubling question" mentioned by Stem

55Transcript of The Conference on Genetics, United States Atomic Energy Commission, 19-20 November
1954, p. 47.
56Transctipt of The Conference on Genetics, United States Atomic Energy Commission, 19-20 November
1954, p. 67-68.
"Report of Meeting of Special Ad Hoc Advisory Committee on Genetics Held in Washington October
27-28, 1955," CIC, document no. NV070697 1, p. 3. The ad hoc Committee members were: Beadle, Glass,
Green, Neel, and Russell. Charles Dunham, Sterling Emerson (the current staff geneticist) and Paul
Pearson, Chief of the Biology Branch, represented the AEC.
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and the desirability of very low dose data seemed, in light of the ad hoc Committee's
comment, to have been desirable mainly for convincing those outside the discipline.
Differences in the views of non-geneticists and geneticists regarding genetic
effects were also brought up in the discussion of population effects at the conference.
Wallace began his presentation on the subject by noting:

Now, there has been quite a deal of argument especially from the point of
view of non-geneticists that have not understood the genetic argument
perfectly. There have been questions raised about whether radiation really
induces mutations in man; questions of this sort. Or, if mutations are
induced in man, are they introduced into the population. We are not
concerned with these questions.58
For Wallace and the other geneticists, questions such as these simply represented an
ignorant questioning of fact.

The Classical/Balance Debate
At the beginning of the discussion of population genetics, Wright gave a summary

of his 1949 paper, discussed earlier. Most of the rest of the discussion of the effects of

radiation on populations centered around Bmce Wallace's experiments. The discussion
of his experiments bore directly on a key theoretical debate within the genetics

community. Commonly referred to as the classical/balance controversy, the debate split
geneticists into two camps. Muller was the leading proponent of the classical view,
though he disagreed with the description of his position as "classical." Dobzhansky was
the most notable champion of the balance view. According to the classical view,
homozygous gene loci, where both alleles were the same, were generally superior to

58Transcript of The Conference on Genetics, United States Atomic Energy Commission, 19-20 November
1954, p. 249.
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heterozygous loci, which contained different alleles. This position was based on the
assumption that there are optimal states for most genetically determined characteristics,

and thus optimal genotypes corresponding to those characteristics. Optimal alleles for a
trait would be selected for and increase in frequency, causing the gene locus to become
more and more uniform for the optimal allele. In addition, the classical view assumed the

ubiquity of partial dominance. Even an optimal dominant allele was not completely
dominant over other alleles at its locus. Thus, a homozygous locus would be selected
over any heterozygote, even one heterozygous for the optimal dominant allele. As a
result, selection tended to promote uniformity at most gene loci and to reduce variation

among alleles. Though a certain amount of genetic variation was necessary, most
induced mutations were detrimental, so the evolutionary process minimized variation by
selecting for optimal characteristics.

According to the balance view, heterozygotes were often superior, or fitter, than

homozygotes. This position was based on the concept of overdominancethat
phenotypic expression of a heterozygote was more extreme, or outside the range of the

phenotypic expression of the homozygotes for that locus. Under the balance view,
selection preserved, rather than reduced, variation and increased variation might be

beneficial to the population. Both the classical and balance views had roots in the first
part of the century. The often noted breeding phenomenon of hybrid vigor, increased
growth and fertility of hybrids, was given expression as early as 1908, by scientists

working on the applied breeding of corn. The classical, or dominance, hypothesis
("classical" was an appellation for the hypothesis later coined by Dobzhansky, much to
Muller's dismay) was stated as early as 1910. By 1920, most geneticists had accepted the
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dominance hypothesis and this remained the case until the 1940s.59 In the late 1940s,
Wallace, a geneticist at the Cold Spring Harbor Laboratory and protege of Dobzhansky
had begun a series of experiments to determine the importance of heterosis, or superior

heterozygotes, in population structure. These were the radiation experiments
misrepresented in the U. S. News & World Report article.
The balance position served to undermine one leg of the linear, cumulative,

deleterious dictum--that almost all gene mutations were harmful. Additional, random
mutations would tend to increase the heterozygosity of a population and, under the

balance view, increase, or certainly not impair, its viability. Though the balance view
obviously boded well for those who might wish to minimize the long-term hazards of
fallout, this was not a connection that either Wallace or Dobzhansky particularly sought

to make. Rather, they feared that the assumption of the classical model for radiation
effects on populations combined with the increased attention (and funding) paid to these
effects would concentrate funding on more accurate determinations of the parameters

necessary for estimating population effects according to the classical model. This, in
turn, would reduce the funding available for garnering experimental support for what

they believed was the correct theoretical model of population structure. The beginnings
of Wallace's argument for a different research direction can be seen as early as 1950 in a
paper where he argued that evaluating the long-term effects of a population exposed to
acute radiation cannot be based solely on mutation rate data (usually obtained through

59James F. Crow, "Muller, Dobzhansky, and Overdominance," Journal of the History of Biology, 20:3
(1987), pp. 35 1-380, pp. 35 1-354; John Beatty, "Weighing the Risks: Stalemate in the Classical/Balance
Controversy," Journal of the History of Biology, 20:3 (1987), pp. 289-3 19, pp. 290-292.
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homozygous effects such as death from lethals or visible phenotypic changes), but
must include studies of the reproductive capacities of heterozygous for the induced
mutation.60

While Wallace was concerned that adoption of the classical view in
considerations of radiation effects would reduce funding for research on his preferred
theoretical model, Muller worried about the effect the balance view might have on the

public and policy debates over radiation exposure. Shortly after his exchange with
Wallace in the wake of the publication of the U. S. News & World Report article, Muller
wrote to Sturtevant expressing concern about the propagation of the balance view.
Alexander Hollaender told Muller in a telephone conversation that Dobzhansky and
Milislav Demerec, the director of the Cold Spring Harbor Laboratory, had recently been
in Washington "telling people in and out of the A.E.C. that geneticists are divided about
whether radiation may in the long run result in the improvement of human populations or

in their detenoration."61 Muller was disturbed that these comments had led Ralph Lapp,
who was editing an upcoming issue of the Bulletin of Atomic Scientists devoted to the
genetic effects of radiation, to decide to present the issue as one on which geneticists were

divided and give both sides "so that the public can take its choice." Muller was also
concerned that Dobzhansky and Demerec seemed to be attempting to "influence the

powers-that-be behind the scenes." Muller admitted that his evidence for all this was
second-hand through Hollaender. Sturtevant replied that he did not get that impression

60

Bruce Wallace, "Autosomal Lethals in Experimental Populations of Drosophila melanogaster,"
Evolution, 4:2 (1950), pp. 172-174, p. 174.
61
Hermann Muller to A. H. Sturtevant, 23 April 1955, Caltech Archives, Sturtevant Papers, box 11, folder
11.3.

306

from Demerec and would be surprised if he had been expressing that opinion
recently.62

Though Muller noted in his letter to Wallace that consideration of the

long-term population effects was "hardly the matter of greatest importance from the point

of view of the present acute public controversy," he was concerned that airing out the
classical/balance debate beyond the genetics community would create the appearance of
disunity among geneticists regarding radiation injury and weaken his crusade to educate
the public, medical professionals, and policy-makers to the genetic risks of irradiation.
Under the classical view, the determination of mutation rate was the key to

estimating future genetic harm. Drawing on a prewar paper of the geneticist J. B. S.
Haldane, Muller originated the concept of a "genetic death." Each induced mutation, no
matter how slight or how severe its deleterious effect, would eventually cause a genetic
death. A lethal effect that led to an early death (before reproduction) would eliminate one

individual. A mutation that only had a slightly deleterious effect would be passed on (as
the carrier could still reproduce) and persist in the population for a much longer period of

time, contributing to individuals' genetic loads (the total number of deleterious, mainly
recessive, mutations carried) until the mutation was eventually eliminated.63 Wallace
and Dobzhanky, as well as a few others during the 1950s, such as Michael Lerner, grew to

believe that this was an oversimplified view.
In his experiments, Wallace exposed several populations of Drosophila to high
levels of radiation--300 r and 2000 r per generation--while keeping one population

unexposed as a control. His experimental results seemed to show that beginning around
the 75th generation, the irradiated populations started to show a higher viability relative
62Hermann Muller to A. H. Sturtevant, 23 April 1955, handwritten note in answer at the bottom of the page.
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to the control population (the viability of the control population actually decreased,
while the viability of the irradiated populations remained about the same).TM Wallace's
experiments were intended to test the hypothesis put forth by Muller, et al., that irradiated

populations, under the genetic-load argument which held that most gene mutations were
deleterious, would measurably decrease in fitness over time. However, they were
designed to test the theoretical argument, not for any applicability to human populations.
During the experiment, Wallace purposefully kept the populations of

Drosophila

at less

than one thousand by progressively feeding them less. Shortly before the conference, he
had cut the number of days the flies were fed to two days a week from the original five.
This created a mortality rate between egg and adult of roughly ninety-nine percent.
Dobzhanky, following on Wallace's descriptions of his experiments, asserted that
one of the most important current research problems was to get more information on the
effects of lethals and non-lethal deleterious, or sub-vital, mutations in the heterozygous

condition. He believed that emerging experimental evidence, largely based on his and
Wallace's work, suggested that not only were significant numbers of mutations not
detrimental in the heterozygous condition, but that some mutations detrimental in the
homozygous condition might actually be beneficial in the heterozygous condition.

Dobzhansky was particularly interested in work on the sub-vitals because: "This very
large class of sub-vital conditions was particularly appealed to by Muller in his
well-known research on the law of mutation, as the thing which accumulates in the
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human population and according to him will pretty soon ruin mankind."65

Dobzhansky wanted to know "How much real solid foundation there is back of Muller's
argument on the law of mutation?"66 The debate over the relative fitness of
heterozygotes and their contribution to the genetic constitution of populations would

reach its peak in the 1960s. The repeated emphasis placed upon the study of
heterozygotes by Dobzhansky during the 1954 conference reflected an attempt to gain a

foothold for the balance position, in part by questioning Muller's "law," or argument for
the genetic-load concept. At the time, the Dobzhansky and Wallace were in the distinct

minority. Wallace admiued as much in the opening of a 1957 paper: "Geneticists are
nearly unanimous in their belief that the vast majority of mutations are deleterious."67 Yet

despite its importance within the field of genetics, the classical/balance controversy
would have little effect on the fallout debate.
In part, Wallace's arguments had little traction in discussions of radiation genetics

related to fallout and radiation protection standards in general because his experimental
set up was at such variance with actual human populations. After Wallace mentioned the
ninety-nine percent mortality rate in his experimental populations, Neel immediately

noted, "This is an extremely important point when you come to extrapolate."68 Most of
the discussion of Dobzhansky' s and Wallace's views at the conference centered not on
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the theoretical questions involved but on the difficulty of extrapolating from their (and

others) experiments to humans. Wallace himself said:
I thought perhaps just for the record I ought to say something, and that is
in Drosophila, it is a species that can pay the price. They seem to handle
radiation all right. I would not want the interpretation to go out this was a
method of improvement.69
Of course, in the next year, his experiments would be interpreted in just that way, as in the

aforementioned U. S. News & World Report article. Regarding the problems of
extrapolation, particularly those caused by Wallace's severe selection, Neel went so far to
suggest that perhaps a mouse experiment could be designed where each mouse had a little

house, plenty of food, etc., so that it would more closely mimic a human population.7°
Neel' s ultimate, and oft repeated, answer to the extrapolation problem was that studies of

human populations must be undertaken, despite the difficulty and the fact that, as Neel
put it: "The moment you start to work with man, you spend money very easily, to get not
too

much."7'

Despite the consistent interest by many of the participants on the problems in
extrapolating results from experimental organisms to humans, only twice during the

conference was direct reference made to radiation standards or fallout. Near the end of
the conference, Russell decided to raise a question about population genetics "somewhat

on a different level from the type that has been discussed by this group." Russell was
concerned about the current permissible dose level of 0.3 r a week as recommended by
the National and International Committees on Radiation Protection and which he had
69Transipt of The Conference on Genetics, United States Atomic Energy Conmiission, 19-20 November
1954, p. 273.
70
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1954, p. 282.
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heard would remain unchanged in the upcoming revisions of their handbooks.
According to Russell, the philosophy behind the preparation of the recommendations was

that 600 r to 300 r [a worker exposed to 0.3 r a week for 30 years--the commonly used
estimate of the human reproductive lifetime--would accumulate 468 r] would not be very

serious if only a few individuals were so exposed, even with regard to genetic injury, as
the induced mutations would be swamped by the larger gene pool of the entire

population. Russell admitted that this approach worked fine for recessive genetic
mutations which were long delayed in their expression, but recent evidence from his
specific loci experiments to determine mutation rates had led him to worry that there
could be significant first generation effects associated with these

dosages.72

Russell characterized the data he had obtained on first generation effects as
surprising and unfortunate, as the experiments had not been set up to obtain that kind of
data. The 600 r experiments, the first mutation rate experiments started at Oak Ridge, had

shown a decrease in litter size, or fertility. Some slight evidence for such an effect had
appeared from time to time in the literature, but the number of animals used had not been

large enough to "really pin it down." However, when the reduction in litter size appeared

to a significant degree in the tremendous numbers of mice used in Russell's experiment,
he could not doubt the validity of the effect, though the experiment had not been designed

to look for it. However, due to the wide variety of factors that could affect litter size, he
had not mentioned it in his official report. Subsequently, the effect had also appeared in
the 1000 r and 300 r experiments. The data were still inconclusive as to the exact nature
71
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of the effect, as the litter size was not recorded until the mice were three weeks of age.

Thus, the reduced litter size could be the result of a reduction in the number of sperm or
death of the mouse at any time before three weeks of age.73 In the absence of more
specific data, Russell worried that there might be a significant first generation effect from

these dose totals and concluded: "I am somewhat worried about there not being a total
accumulated dose limit set in the report that is being prepared..

At that point, the

Chair, paying attention to the limited amount of time left, shifted the topic of discussion.
In the last minutes of the conference, Beadle raised the question of fallout. He had

noticed a statement in a recent issue of Newsweek that the AEC favored declassifying
fallout data, but that the State Department had delayed the release [Beadle may have been

referring to the debate over whether the AEC should release an official statement on

fallout relative to the Bravo shot, which was discussed earlier]. Bugher replied that the
fallout magnitudes and data were not classified and that most of such data had been
published in the AEC's semi-annual reports.
Beadle then queried Bugher as to whether the data in the semi-annual reports had
been presented in a useful way, recalling that he "heard someone say that the definition of

the unit in which it is given is not very easily available or something of the

sort."75

Bugher replied that any unit used was bound to be unsatisfactory to a good number of
people. The unit used in reporting fallout data was disintegrations per minute per square
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foot, which was doubtless rather unwieldly for biological scientists. Bugher offered
the apologia that, "It is always difficult to express it in a form that is useful to all the
people who are interested."76 The brief exchange between Beadle and Bugher regarding
fallout data shows that in many cases the question was not whether the ABC data was

classified, but how the ABC released the data. Information relegated to the ABC
semi-annual report, or to a discipline-specific scientific journal, was certainly available,

but how widely was such data likely to be circulated? The way in which the data were
presented could also be an obstacle to their widespread use. Though a physicist might
have felt right at home dealing with disintegrations per minute per square foot, this was
hardly a unit that biologists were used to dealing with and, as Richard Miller shows in the

appendix of Under the Cloud, transferring this unit into something more commonly used
could be a complex

process.77

Though not intended to address specifically questions related to fallout and
radiation standards, many issues involved in the fallout debate were present in the 1954
ABC Genetics Conference. Bugher' s opening remarks underscored the differences
between medical researchers and geneticists in how they viewed the evidence regarding

genetic injury (Bugher's closing remarks also focused on disciplinary differences--this
time between biologists and physicists). The discussions about mutation rates and
population genetics revealed some of the intra-disciplinary struggles within genetics, as
well as how strong a grip the linear, cumulative, deleterious dictum had on most
76TranSCnpt of The Conference on Genetics, United States Atomic Energy Commission, 19-20 November
1954, p. 335.
In providing fallout dosage estimates to Beadle before the first BEAR Genetics Committee meeting,
Gordon Dunning, a Health Physicist in the Biophysics Branch of the Division of Biology and Medicine,
told Beadle that computing the total dosage in roentgens was tedious and that a thorough evaluation of the
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geneticists of the day. Though very low dose studies to provide further experimental
evidence regarding linearity were welcomed, few besides Singleton seemed to doubt the

linear model, and the studies seemed more for the benefit of non-geneticists. The
emphasis of Dobzhansky and Wallace on heterozygote studies revealed both the degree
to which the classical model was currently entrenched and how important they believed
questioning this model was for both theoretical and funding reasons. They may not have
been heartened by the ABC summary of the conference. In the final summary of the three

questions of most direct interest to the AEC, mentioned above, mutation rate studies

received the lengthiest and most detailed summary. The summary for population
genetics simply stated that experiments must be designed "which in one way or another"

would shed light on parameters needed to describe human populations. Neel's frequent
mentions of the necessity of human studies, despite their great cost, and his emphasis on
the difficulties of extrapolating further, revealed his fealty to his own, emerging, branch
of genetics.

There were no heated debates over the classicallbalance controversy at the 1954

Conference, nor would there be at the BEAR conferences. The strongest proponents of
the classical view, Muller and Crow, were absent from the 1954 Conference and neither

Dobzhansky nor Wallace would be on the 1956 BEAR Committee. Two of the issues
only briefly mentioned at the Argonne Conference would come to the fore during the
BEAR conferences--the question of a total recommended population dose and fallout.

data would "require considerable time and effort;" Gordon M. Dunning to George Beadle, 3 November
1955, Caltech Archives, Beadle Papers, box 23, folder 23.2; see also Miller, Under the Cloud, pp. -.

314

The BEAR Genetics Panel
The BEAR Committee was formed in the midst of the public disclosure (so much

as was disclosed) of the Muller Affair which had exacerbated geneticists' distrust of the
AEC. At an AEC Ad Hoc Advisory Committee on Genetics meeting (mentioned above)
less than a month before the first meeting of the BEAR Genetics Committee, Beadle
noted for the record that "a number of radiation geneticists are dissatisfied, or even

suspicious, of reports on fallout by the AEC." Beadle went on to say, echoing his earlier
complaints to Bugher, that "in his opinion public relations could be improved by

publishing the data in a manner more readily understandable by geneticists." Dunham
replied that the Division of Biology and Medicine would be only too glad to provide
information in the form most usable to them if they requested it directly from the
Division.
As noted earlier, though the AEC did not initiate the formation of the NAS BEAR

Committee, it did support the formation of it as an alternative to a U.N. Committee on

radiation effects, which it feared might be used for political purposes. Several scientists,
in turn, had doubts about the independence of a NAS committee, fearing that it would be
too closely tied to the AEC and that members would be required to have "Q" level

security clearance. In December 1954, at roughly the same time that trustees of the
Rockefeller Foundation decided to approach Eisenhower about the possibility of setting
up an NAS committee on radiation effects, AAAS members suggested forming a

'"Report of October 27-28 Meeting of Special Ad Hoc Advisory Committee on Genetics," Caltech
Archives, Beadle Papers, box 23, folder 23.1, p. 4.
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conmiittee to investigate the biological effects of radiation.2 As current president of
AAAS and an official of the Rockefeller Foundation, Warren Weaver was aware of both
these efforts and sought to negotiate a compromise between the two efforts in order to

avoid unnecessary duplication. Weaver agreed not to pursue the formation of an AAAS
study until the NAS had decided on its course of action; however, he also wrote to Dean
Rusk, who had first written to Eisenhower on behalf of the Rockefeller Foundation, to

outline possible roles that an AAAS committee might play. One reason Weaver
mentioned as a reason for an AAAS study was that it would be "useful to have an
independent study carried out by the AAAS (of a somewhat different character in that the

AAAS study would be relatively brief, wholly unclassified, free from Government
connection and possible influence, etc.)."3 The Rockefeller trustees concluded that the
radiation study should be carried out under the auspices of the NAS, as it was the official

scientific advisory body to the government, and that it was essential that such a study

have the approval of the "highest authorities" (by implication, the President) and the
AEC. Furthermore, at least some of the members of the NAS Committee would have Q
clearance. Though the public report would only be able to make use of declassified
information, access to classified material was viewed as essential to assessing the

accuracy and adequacy of the released information. Given the finalization of the

2Dean Rusk to Dwight Eisenhower, 23 February 1955, NAS Archives, ORG: NAS: Corns on BEAR:
Beg. of Prog., 1954-1955; Warren Weaver to Detlev Bronk, 9 February 1955, NAS Archives, ORG: NAS:
Corns on BEAR: Beg. of Prog., Prelim. Discuss.
3Warren Weaver to Dean Rusk, 20 April 1955, NAS Archives, ORG: NAS: Corns on BEAR: Beg. of
Frog., Prelirn. Discuss.
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Rockefeller-NAS plans, Weaver recommended that the AAAS not undertake a similar
study.4

The Muller Affair renewed concerns of scientists, particularly geneticists, about
the independence of an NAS study. On the morning of 17 September 1955, the day that
the Washington Post broke the story that the AEC, not the U.N., had been responsible for

barring Muller's paper, Beadle spoke with Sterling Emerson, the current AEC staff
geneticist. Emerson believed that Muller's paper was removed by an AEC official higher
than the Division of Biology and Medicine (which turned out to be true) "presumably

because they do not like your views on the genetic danger of widespread radiation of
man."5

Given the apparent censorship of Muller's views by the AEC, Beadle proposed

that the AAAS reconsider their decision not to undertake a radiation study, as "I'm not
completely sure we should trust everything to the proposed Academy Committee on the
fall-out genetic

problem."6

Muller, unsurprisingly, agreed with Beadle.

In June, after learning of Weaver's plans to drop the AAAS effort (and a month
before he would learn that his Geneva paper would be rejected) Muller had complained to

Weaver about the very fact that the NAS investigation would have the cooperation of the
AEC and would, as far as possible, choose scientists with Q clearance. All this made him

doubt that the study would be as unbiased and objective as an AAAS study. By
September, Muller had become even more suspicious. He found it "curious" that though
Bronk, the President of the NAS, had announced the proposed NAS study in early April,

4Warren Weaver to Members of the Council of the AAAS, 13 May 1955, NAS Archives, ORG: NAS:
Corns on BEAR: Beg. of Prog., Prelim. Discuss.
George Beadle to Hermann J. Muller, 17 September 1955, Caltech Archives, Beadle Papers, box 5, folder
5.36.
6Beadle to Muller, 17 September 1955.
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apparently nothing had been

done.7

He had only heard a rumor from Alexander

Hollaender at the Geneva Conference that he would be a member of the committee.
Muller confided to Beadle: "When it is remembered that Bronk is a medical man and is at

the same time (or so I am informed) a member of the top committee of the AEC--the
committee which seems to have intervened to prevent my paper having been given at
Geneva--the doubt concerning what the National Academy will do in this matter becomes
reinforced."8

Muller raised his concerns about the security clearances to Bronk directly

upon agreeing to serve on the committee, remarking that keeping "biological information

of the kind in question" secret was immoral and that all information used should be open

to the scientific community as a whole to prevent a whitewash. In a meeting about the
NAS study between George Spiegel, the Special Assistant on Atomic Energy to the
Department of State, and Bronk, Spiegel asked if the problem of personnel clearances

might cause delays. In a somewhat indirect response, Bronk replied that classified
information would only be made available to cleared personnel and that classified
material had to be considered in order to ensure that valid conclusions were reached.9

7Muller was not the only one who had noticed an apparent lack of action on the part of the NAS. On 9
October 1955, the New York Post published an editorial entitled "Danger: Men Not Working." The editors
said that the Muller affair reminded them that they had not heard anything from the NAS about radiation
effects since the 8 April announcement of the proposed study. Upon discovering that the Committee had
not even met yet, the editors opined: "We think this is as shameful and shocking a disclosure of human
negligence and/or inertia as we have encountered in many a year." "New York Post, 10-9-55, Danger: Men
Nor Working," NARA II, AEC, DBM, CSF, box 45, folder, NAS Study of Bio. Effects of Atomic Rad.
8
Hermann J. Muller to George Beadle, 22 September 1955, Caltech Archives, Beadle Papers, box 5, folder
5.35. Muller was apparently misinformed about Bronk's position on "the top committee of the AEC."
Bronk was never a member of the General Advisory Committee, nor was he a member of the Advisory
Committee of the Division of Biology and Medicine at this time.
"Department of State, Memorandum on Conversation, Subject: NAS's Activities in Radiation Studies,"
NARA II, AEC, DBM, CSF, box 45, folder, NAS Study of Bio. Effects of Atomic Rad.
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Seven of the sixteen members of the BEAR Genetics Subcommittee did have
Q clearance and two others had had it, but their clearance was no longer active.10 Despite

worries about the possible insidious effects of having security-cleared panel members,
the issue of security clearance did not appear to cause any problems with the Genetics
Subcommittee. In part this may be because little genetic research carried out under AEC

auspices was classified. As already noted, genetics experiments carried out in
conjunction with nuclear testing were published in the scientific literature. In addition,
few genetic studies were carried out on human populations. The ABCC genetics survey
was the primary, and one of the few, such studies and did not seem to be classified. In
1951, Neel responded to a request for information on the genetic effects of radiation on

humans by mentioning his work with the ABCC. Though Neel estimated that the
preliminary writeup would not be available for at least two years, he added: "I would be

most happy to give you free access to the material as soon as it has been tabulated."
Security clearance did come into play with regard to some data on fallout

distribution. Prior to the first meeting of the Genetics Committee, Bugher and Meml
Eisenbud briefed Weaver, whom Bugher pointedly noted was Q cleared, on "the

highpoints concerning the worldwide picture of the fallout from test explosions." As
Project Sunshine was the primary worldwide fallout program and still, at this time,
classified, it seems likely that it was one of the subjects of this briefing. Occasionally,
some information was denied even to cleared members of the Genetics Subcommittee,

10

Weaver, Beadle, Failla, Glass, Hollaender, Russell, and Whitaker had Q clearance. Demerec and
Berwind Kaufman had previously had Q clearance; S.D. Cornell to Warren Weaver, 15 November 1955,
Caltech Archives, Beadle Papers, box 17, folder 17.3.
Neel to A.W. Diddle, M.D., Gynecology and Obstetrics, Knoxville, TN, 11 December 1951, American
Philosophical Society Library, Ned Papers, correspondence, box Di-Du, folder DI.
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but these occasions seemed to involve weapons-effects data rather than information
relative to genetics.'2
The situation with regard to the classification of biomedical research is somewhat

unclear. The Advisory Committee on Human Radiation Experiments determined that
there were very few human radiation experiments in the 1950s that were classified.'3 A
1955 review conducted by the Advisory Committee for Biology and Medicine concluded

that only five percent of biomedical research was classified. Upon receiving the report,
Strauss replied that he was pleased that the only classified research supported by the

Division of Biology and Medicine was that directly related to weapons testing. The
Advisory Committee had recommended that even research related to weapons testing "be

made available to the scientific community with the least possible delay."4 Six months
later, Failla wrote Strauss about the fifty-second Advisory Committee meeting where
they had received a presentation on AEC efforts to keep the Federal Civil Defense
Administration (FCDA) informed on developments relevant to their responsibilities.
Regarding a report prepared for the FCDA entitled "Shelters for Civilian Populations"
Failla noted:

This report had been prepared for unclassified dissemination in an effort
to place in public domain essential data concerning shelters. We found it
In August 1956, Beadle, who had succeeded Weaver as Chair of the Genetics Subcommittee heard from
Robert Bacher, one of the original AEC Commissioners, that there were developments that the
Subcommittee should know about and that he saw no reason why a cleared member of the committee
should not be able to get the relevant information. Upon inquiring about the matter, Beadle was told by
Dunham that "As to the information on 'the basis for the restricted fallout announcement by the Chairman
a few weeks ago,' it appears that nothing except of a highly classified nature can be said further on the
subject at the present time. I am afraid the Committee will have to make the most of those few carefully
chosen words." Charles Dunham to George Beadle, 23 August 1956, Caltech Archives, Beadle Papers, box
17, folder 17.3; see also, George Beadle to Warren Weaver, 2 August 1956, Caltech Archives, Beadle
Papers, box 17, folder 17.3.
13
Advisory Committee on Human Radiation Experiments, Final Report (1995),
http://tis.eh.doe.gov/ohre/roadmap/achrelchapl 3_3.html.
'4Lewis Strauss to Failla, 7 May 1955, dC, document no. NVO7 11923.
12
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somewhat incongruous to note that of the fifty nine references in the
bibliography contained in the report, forty nine were classified, three were
"Official Use Only," and only seven were unclassified.
In the course of discussion on the subject of classification, we also
learned that a large number of reports on biomedical and physical damage
at weapons tests are still classified. Some of these reports date back to
Operation Sandstone [ca. 1948}.'
The Advisory Conimittee recommended that this backlog of reports be reviewed for

material that could be declassified. Strauss replied that a revised classification guide
which would make it possible to declassify 90-95% of the biomedical information
obtained from weapons tests would be put into effect in February.'6 Though at times it
seems uncertain if anyone knew the full extent of AEC classification and/or
declassification, it does appear as if most, if not all, biological research was unclassified,

particularly with regard to genetics. Nonetheless, the AEC's negative public relations
policy and tendency to deny any hazard or risk caused deep suspicions about its veracity

within significant portions of the scientific community. The AEC itself wanted to avoid
the perception that it was closely tied to the NAS study. When Dunham wanted to send
some background information for the use of the committees, he asked the NAS to
distribute the information so that no one would think the AEC was lobbying.'7
The issues of classified research and avoiding the perception that the study was
influenced by the AEC were both addressed at the first meeting of the Genetics Panel.
Weaver opened the meeting by settling the matter of what effect security clearance might

have and outlining the guidelines for responsible communication during the

deliberations: "We can consider and report only on material which is in the public
'5FailIa to Strauss, 29 November 1955, CIC, document no. NVO7 12046.
16
Strauss to G. Failla, 17 January 1956, CIC, document no. NV0712047.
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domain. We have a great responsibility not to issue statements prematurely and not to

mislead the public. We must keep quiet until the final report is

ready."18

The members

were free to talk to colleagues about the work of the panel but not to report official

findings. In addition, Weaver noted that it would be "advantageous" to avoid contact
with the AEC.

Shields Warren gave a brief outline of the biomedical effects of radiation that
touched on the issues of classification and the differences between the medical and

genetic views of radiation injury. He assured the members that what biomedical
information was classified related only to "dosages, etc." and that little would be added
by complete declassification. Later in the meeting Russell also sought to assuage
concerns about classification of research. Russell believed that the existence of classified

material was still a real issue with some scientists, such as Haldane. In Russell's
experience there was actually very little classified biological research. He asserted that in

his own work, the only unpublished information was the distance of the mice from the
explosion in the neutron experiments mentioned earlier. As the dose itself was published,

Russell did not see how this omission was of any consequence. Russell also commented
on the difficulty of being associated with the AEC: "AEC people experience some
difficulty because our views are sometimes regarded as official opinions. Can we agree
to express our personal opinions here, even if they are not in agreement with the opinions

17

Charles L. Dunham to S.D. Cornell, 1 November 1955, NAS Archives, ORG: NAS: Corns on BEAR:
Cooperation with other Organizations: Atomic Energy Commission, 1956-1958.
18
Edited Transcript, Genetics Panel, National Academy of Sciences Committee to Study the Biological
Effects of Atomic Energy, First Meeting, Princeton, NJ., November 20, 1955, Caltech Archives, Beadle
Papers, box 17, folder 17.1, p. 1.
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of some official group with which we may be individually

identified?"9

The context

for this quotation leaves Russell's precise meaning unclear, since it was preceded by a
statement that he wanted to challenge Wright with regard to the ratio of the induced to the

spontaneous mutation rate and was followed by an admission that their estimates would

not be very definite. It is uncertain whether Russell's difficulties came from the AEC or
from his own discomfort in being publicly identified with the AEC with regard to

statements about radiation hazards. Regardless, it is evident that his personal opinions
about the issue were not the same as official AEC opinions.

The Importance of the Public
The NAS BEAR Committee was actually six panels covering radioactive waste
disposal, meteorological aspects, oceanic aspects, agricultural affects, and genetic and

pathological effects. The Genetics and Pathology Panels dealt most directly with the
biological effects of radiation on humans. The Genetics Panel was the first conmiittee to
meet and the last to submit its report.2° Though geneticists generally agreed on the
fundamental assumptions of radiation genetics, there were heated disagreements among
the panel members over setting a permissible accumulated dose of radiation and of how

to justify this dose. The panel originally intended to address the future research that was

Edited Transcript, Genetics Panel, National Academy of Sciences Committee to Study the Biological
Effects of Atomic Energy, First Meeting, Princeton, N.J., November 20, 1955, p. 7.
20
Warren Weaver was the chair of the committee. Other members were: George Beadle, C.W. Cotterman
(who dropped out before the final report), James Crow, M. Demerec, G. Failla, Bentley Glass, Berwind P.
Kaufmann, Hermann Muller, James Neel, Alexander Hollaender, William L. Russell, Tracy M. Sonnebom,
Alfred H. Sturtevant, and Sewall Wright. The Genetics Committee had two non-geneticists as members,
Shields Warren, physician and former Director of the AEC's Division of Biology and Medicine, and
radiological physicist Gionacchia Failla, a member of the National Committee on Radiation Protection.
19
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needed for a more accurate determination of the genetic hazards of radiation; however,

under pressure to produce a report by the summer of 1956, this aspect of the panel's
deliberations was put off and not officially reported on until 1960. The most significant
aspects of the final report were its public impact and its recommendation of a total
maximum dose for the population as a whole.21
From the beginning of their deliberations, the members of the Genetics Panel
were concerned that their report should be written in an accessible style that would have a

strong impact on both the public and the medical community. Failla asserted that the
report must be understandable by the general public. Hollaender and Douglas Whitaker,
an official of the Rockefeller Institute, offered rejoinders that a college education would

be necessary to understand some points and that, according to Whitaker, "There's a
danger that open discussions of such subjects would cause

difficulties."22

Sturtevant was

concerned that the public was unable to see the relevance of extrapolating from data on

experimental organisms to humans. Crow believed the concept of genetic load needed
further public explanation. Berwind Kaufmann emphasized the importance of circulating

information about genetics in the press because, "It is important to get a warm
understanding instead of a hostile public reaction from whatever we present."23
Sonneborn cautioned that it would be dangerous to issue an authoritarian statement.
21

James Corw, "Concern for Environmental Mutagens: Some Personal Reminiscences," Environmental
and Molecular Mutagenesis, 14:Supplement 16(1989), pp.7-10, p. 8; James Crow, "Quarreling Geneticists
and a Diplomat," in Perspectives on Genetics: Anecdotal, Historical, and Critical Commentaries,
1987-1998, James Crow and William Dove, eds. (Madison, WI: University of Wisconsin Press, 2000), pp.
459-464, p. 462.
22Edjted Transcript, Genetics Panel, National Academy of Sciences Committee to Study the Biological
Effects of Atomic Energy, First Meeting, Princeton, N.J., November 20, 1955, p. 2. Whitaker was a Vice
President of the Rockefeller Institute and a coordinator for the BEAR Committee. He had also been a
member of the Bikini resurvey team in 1947.
23
Edited Transcript, Genetics Panel, National Academy of Sciences Committee to Study the Biological
Effects of Atomic Energy, First Meeting, Princeton, N.J., November 20, 1955, p. 5.
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Muller replied that it would be equally dangerous to make a statement "of our
ignorance and helplessness" and that setting a permissible dose was a practical necessity.

He also emphasized the importance of educating physicians, and others whose words

carried authority, about the genetic effects of radiation. As a case in point, he mentioned
hearing that during a four-week course on radioactivity held at Oak Ridge, attended
mostly by physicians, no mention was made of the genetic effects of radiation.
Hollaender added that part of the trouble was that there was no biological education in
reactor schools.24
Funding also provided a reason for bringing the genetic risks of radiation to the
public. Though most of the geneticists at least implied this by noting the numerous areas
of research that required "intense effort," only Weaver directly addressed this issue
during the meeting, neatly justifying it for the good of society as a whole:
Society is in a situation where basic information about genetics, and
particularly about human genetics, has taken on a social value and
significance that is really intense, but what is society doing about that as a
whole? Shockingly little. The amount of financial support given genetics
clearly ought to be stepped up a lot.. .The order of the magnitude of the
support required is not just a few thousand dollars a year at all, but in the
order of megabucks per year. One very important function of this
committee is to bring this situation to the attention of the country in a way
that would carry a substantial amount of weight. This may, in fact, turn
out to be the most important thing this committee can do. I have relatively
little enthusiasm for the amount of social progress involved in deciding
whether the permissible limit of dose is .3 or .03 or .003.25
None of the geneticists in attendance challenged his statements. However, unanimity was

needed in order for the report to carry the necessary weight to secure funding, public

24

Edited Transcript, Genetics Panel, National Academy of Sciences Committee to Study the Biological
Effects of Atomic Energy, First Meeting, Princeton, N.J., November 20, 1955,5=6.
25
Edited Transcript, Genetics Panel, National Academy of Sciences Committee to Study the Biological
Effects of Atomic Energy, First Meeting, Princeton, N.J., November 20, 1955, p. 18.
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health, and general edification of the populace. This unanimity would prove difficult
to obtain--at least relatively speaking. Douglas Whitaker, after hearing the geneticists
discuss the spontaneous mutation rate, for which a rather wide variety of estimates were
put forth, commented that "As a non-geneticist, I find the agreement rather

striking."26

Despite some concerns, such as Sonneborn's, about making too strong a
statement, the group unanimously sought to produce a report easily digestible by those
without a background in genetics. Their aim was to increase the understanding of genetic
concepts among the public and the medical profession, particularly as related to radiation

injury. Spurring this desire were continued official public pronouncements that there
were no long-term detrimental effects due to radiation exposures. Shortly after the first
meeting, Muller wrote to the Genetics Panel about several, in his view, misleading public
statements. Two were attributed to Dr. Robert Holmes, Director of the ABCC study, who

was generally dismissive of genetics effects in the Hiroshima and Nagasaki

survivors.27

The third was a lead article in a recent issue of the Office of Naval Research publication
Research Reviews, which reported that among the most heavily exposed Marshallese

Islanders, none suffered any lasting aftereffects from fallout. For Muller this was proof
that geneticists had not yet done enough "to counteract the promulgation of seemingly
official statements of the kind in question."28 Failla, the non-geneticist on the panel, was

also in favor of a report conscientiously aimed at the public. He seemed to have gained a
much more appreciative view of genetics since his stand against considering genetic

26EditJ Transcript, Genetics Panel, National Academy of Sciences Committee to Study the Biological
Effects of Atomic Energy, First Meeting, Princeton, N.J., November 20, 1955, p. 19.
27For more discussion of Holmes' public comments see, Lindee, Suffering Made Real, pp. 147-149, and
John Beatty, "Genetics in the Atomic Age," pp. 304-305.
28
Hermann Muller to Genetics Panel, 10 December 1955, Caltech Archives, Beadle Papers, box 17, folder
17.1.

326

effects in the prewar deliberations of the National Committee on Radiation Protection.
In a letter to Detlev Bronk regarding the formation of the BEAR Committee, Failla noted

that the public was disturbed by apparently contradictory statements by scientists, as

reported in the press. Failla hoped to ease this public uneasiness by setting up standards
for radiation exposure that were acceptable to all scientists, especially geneticists. He
also recommended setting a tentative population dose. Whatever agreement he might
have expressed with geneticists' concerns, for Failla, the purpose of the report should be
to address the greatest current need, which was "to reassure the public that the problem of

radiation protection is under control."29 This was substantially different than the
motivations of the geneticists, who wanted to alert the public that in many cases officials
seemingly ignored important issues in radiation protection.

Setting a Permissible Dose
Though the BEAR Committee had only been charged with summarizing and
evaluating the available information of the biological effects of radiation, the Genetics

Panel quickly adopted another purposesetting a permissible accumulated dose for
occupational workers and the population at large. Most members of the Panel wanted to
educate the public and other disciplines about genetic hazards and provide guidelines for

regulating radiation exposure. Discussions of permissible dose brought out comparisons
of geneticists' experiences with the different attitudes of physicists and engineers towards

29

0. Failla to Detlev Bronk, 2 September 1955, National Academy of Sciences Archives, ORG: NAS:
Corns on BEAR: Beg. of Prog.: Prelim. Discuss. Failla told Bronk that he, Muller, and Stern had "worked
very harmoniously" on a subcommittee of the National Committee on Radiation Protection. This account
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radiation protection. Hollaender recounted attempts to discuss the genetic
implications of radiation exposure with physicists and engineers at Oak Ridge:
When I discussed the genetic implications, they tried to pooh-pooh it, but
when I told them that each r unit could cut down a week of his life, they
got excited. Morgan [Karl Z., health physicist at Oak Ridge] and Charpie
[Assistant Director of Oak Ridge] and everybody else called up to find out
how much radiation he had gotten. ..Somehow or other, the danger to
future generations does not sink in. ...Yet the radiation exposure impressed
almost everybody. That's a sad indication of their lack of genetic
understanding.3°

Muller later complained about physicists as well, ". ..with their sloppy methods in

university laboratories. ..The teachers pooh-pooh the whole matter and the students think

it is nothing." Sonneborn added that it would be difficult to enforce the permissible dose
limit in university laboratories because "they [the physicists] will continue to laugh and

dodge."3' Disciplinary differences also came up during the one, brief discussion of
linearity. Bentley Glass told the panel that at a recent talk he gave at a physicists'
colloquium at Rutgers University, the lack of a threshold was the most commonly
challenged assumption. The ground for the challenge was that the mechanism of
mutation, which the physicists assumed would be an indirect one mediated by chemical

changes between the act of ionization and the occunence of the mutation, made it
probable that there was a threshold if the dose was low enough. Wright commented that
the accumulated experimental evidence was practically conclusive. Kaufmann added
that experimental evidence showed cytological changes with doses as low as 0.41 r per

day. Everywhere they looked, geneticists saw scientists and physicians who cast doubt
30
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upon the fundamentals of radiation genetics and by their actions showed little regard

for the genetic consequences of radiation. They also saw a public exposed to increasing
amounts of radiation without an understanding of the vulnerability of their genetic
heritage. The target audience for the panel's report was basically everyone who was not a
geneticist.

In discussing the occupational total dose limit, the geneticists focused on how low

a limit they could set without it being dismissed out of hand as impractical. A large part
of this consideration dealt with the economic costs of meeting lower standards. Russell
had informally discussed the issue with Charpie at Oak Ridge. Charpie told him that a
0.03 r per week limit, one tenth of the current limit, would certainly put some Oak Ridge
operations out of business, specifically those involving the chemical processing of

radioactive materials. Russell noted that AEC installations generally kept exposures
lower than required and that radiation standards were rigorously enforced, according to

Charpie, at many, if not most, installations that he had visited. Failla said that Charpie's
assertion was not correct. Though the AEC imposed the same restrictions on all
installations, the AEC did not inspect non-AEC installations at the present time due to a

shortage of inspectors. At the first meeting, Failla had asserted that there was no system
of inspection and that personnel at non-AEC installations exceeded the dose limits. In
addition, naturally occurring radioactive elements, such as radium, and X-ray machines
were not under AEC

control.32

Failla brought up the difficulty in actually keeping

accurate records of the total lifetime dose received by a worker. In AEC installations, the

most stringent in keeping exposure records, exposures under a certain level were simply
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reported as zero, while private industry kept little, if any, such records. Glass
suggested that in segments of the population likely to receive heavy radiation exposure,
they needed to develop a "genetic conscience, equivalent, one might say, to medieval
monasticism, or on a more practical modem basis, expressed by

vasectomy."33

The panel

decided to write several people in the atomic industry for their reactions to lower dose
levels and their assessments of the economic impact.
Neel was becoming more uncomfortable with the prospect of setting a

permissible dose. After reporting on his conservatively worded final report on the
Hiroshima and Nagasaki survivors, he told the panel that he was not prepared to sign off

on a report that set a permissible dose. He believed that doing so would compromise
them as scientists. He was willing perhaps to give a range wherein the permissible dose
should fall, given certain assumptions. Russell immediately countered Neel:
I think we all inwardly rebelled against the idea of having to give an
answer, as scientists, to a question that can't be answered scientifically.
However, for practical purposes someone has to set this dose now, and it's
been said before, if we don't do it, somebody else is going to do it.34
Russell had earlier commented that, "This is the opportunity for us to take some control
over the

situation."35

Neel's concern that they could not accurately quantify the expected

genetic damage from a given increase in radiation was accepted, but was not viewed by
many as a reason not to give a permissible dose.
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In particular, Beadle noted that 'permissible dose' had been an artificial
construct from the start. Beadle viewed this as a reason why some of Libby's statements
might be true, but misleading. Libby often stated that fallout represented

a

small fraction

of the permissible dose without admitting that permissible dose did not really mean much

at all. Weaver added that it was understandable that those connected with the AEC were
often forced into defensive statements, but that Beadle's comment illustrated how one
critique of geneticists held no water. When geneticists were told that they had no
business recommending a permissible dose change because they did not have a sound

basis for their recommendation they should reply: "Well, on what basis do you think it
was set in the first place?"36 Sonneborn added that they did know something about the

possible genetic effects, they simply did not yet have the precise details. Muller raised
the question of whether the panel should provide the scientific basis for their judgement

on the proper permissible dose, or simply give their recommendation. Crow disliked the
idea of providing a strong argument for their limit because it would most likely be the
result of a voting consensus on several opinions which were derived in a variety of ways

rather than a single, logically derived solution. Sonneborn offered his own clarification
of Muller's point by asking if they should arrive at a dose limit by deriving it from genetic

information or base it on non-genetic, practical considerations, i.e, what was the lowest
exposure level that was feasible.37

Though Neel would later assert that he believed some less vocal members of the
panel shared his concerns about quantifying genetic effects and setting a permissible
36
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dose, he provided the only staunch opposition to the idea.38 All of the members of the

panel realized that an accurate estimation of what the permissible dose should be was
impossible due to inadequate data. However, they did not seem to share Neel's view that
providing such an estimate would compromise them as scientists. In a sense, theirs was a

practical conception of their responsibilities as scientists. Public clamor, which some of
them had done their share to incite, and practical necessity, as they saw it, demanded that
some limit be set by someone. Given the general ignorance of genetics among lay people
and most of the rest of the scientific community, the geneticists viewed themselves as the

best source of a "wise judgment" on the matter

though the information might be

inadequate, they were the ones who had it.

The panel came up with four preliminary recommendations with regard to

permissible dose: (1) A maximum of 10 r average dose to the gonads for the general
population during the reproductive life span, excluding natural background radiation. (2)
A maximum occupational dose of 50 r to the gonads from the beginning of employment

to 40 years of age. (3) No maximum would be prescribed for individuals beyond
reproductive age. (4) The institution of a compulsory cumulative record of the exposure
history for all occupational workers. The panel was particularly in favor of the
recommendation that an exposure history be kept for occupational workers. C.C. Little,
the Director of the Jackson Laboratory who sat in on several of the sessions, thought it

would be a good pilot experiment to teach people to take better care of themselves: "It
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has real sociological

value."39

Russell cautioned that they should "go easy" on

exemptions for people past reproductive age until the Pathology panel developed their

recommendations. The third statement obviously had been devised with only genetic
considerations in mind.

The somewhat arbitrary nature of the recommendations for the permissible doses

was revealed when Weaver asked for the rational behind the 10 r and 50 r figures. Crow
replied that Muller had once suggested 20 r and Stern had once suggested 5 r, so they took

the geometric mean of two previous guesses. Muller added that some human
populations, such as those in Tibet, probably got about 5 r more than the general average
of 5 r from natural background radiation and since those populations seemed all right, a 5

r increase for other populations should be tolerable. The first group also believed that
given an average current medical exposure to radiation from 3 r to 5 r, plus fallout, the
figure still left enough leeway not to inconvenience physicians or the atomic program

greatly. Muller believed that 5 r would be ignored as impractical, while at 10 r more
people would strive to protect themselves. Wright gave the impression that the 50 r
figure for occupational exposure was even more arbitrary:

WRIGHT: Well, as for the 50 rem, then, as far as the population is
concerned it does not matter whether one person gets 100 and another 20,
or whether two people get 60. The effect is just the same.

MULLER: Yes. But we felt it was a little unfair to the person and his
descendents to pile it up on him, unless he volunteers.40
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Weaver suggested justifying the 10 r figure by stating that it represented a quarter of

the doubling dose. Russell objected, even though the 40 r doubling dose was largely

based on his specific loci experiments. In Russell's view, the 40 r doubling dose could
not be considered an established fact because the loci he measured likely gave a highly

biased estimate for the spontaneous rate. He believed the bias was in an upwards
direction because they were loci where spontaneous mutations had previously
occurred--a primary reason that they were recognized and chosen for use in the first

place. Muller believed that Russell's objection only strengthened the case for using the
doubling dose as a justification, since correction for a bias that gave too high an estimate
would only lower the spontaneous rate estimate and provide even stronger justification
for lowering the permissible dose. Russell remained unmoved. He agreed that 10 r was a
reasonable permissible dose, but would not be pinned down on a reason for picking

it.41

Neel was not willing to accept 10 r as a dose that could be tolerated by the

population for an indefinite number of generations. He was willing to accept such a
recommendation for the present if it were qualified by stating that it would not do
irreparable harm in the foreseeable future; however, it had to be presented to the public

"in the right way." For Neel, the right way would make clear that this recommendation
was solely for practical reasons and would not include detailed scientific calculations that

justified the limit. Muller replied that if they had no scientific reason to back up their
recommendation then they, as scientists, should not make a recommendation.42 In

language reminiscent of physicians' argument for the importance of the clinician's eye,
41
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Weaver suggested that the geneticists' judgment should be considered authoritative
even without a rigorous scientific justification. He told the Panel:
I would argue that a geneticist who has worked in the field, who knows a
great deal about it, who knows many arguments that he does not share but
nevertheless is aware of, who knows a lot about it all, is in a very much
stronger position to arrive at this kind of subtle, curious judgment than
other people are.43
Though the Panel members would heatedly debate what justification existed to provide

for the permissible doses, this had no effect on the numerical value of the limits. The 10
r and 50 r figures, more-or-less arbitrarily decided at the beginning of the permissible
dose discussions, would be the limits recommended in the final report.

Occupational Dose: Failla versus the Geneticists
Not all the panel members agreed with setting a dose limit for occupational

exposure. While the 10 r limit for the general population was generally and rather easily
accepted by everyone, the proposed 50 r limit for occupational exposure met strenuous

resistance from Faillâ. When the first study group proposed the 50 r occupational limit,
Failla attacked the idea from a variety of angles. His first argument was that such a limit
would significantly interfere with work involving radiation exposure. In describing what
activities might be curtailed, he dismissed the impact on atomic energy installations
where they "control things pretty well," and focused on university laboratories. The limit

would be a greater burden on academic research than on industry because university

laboratories could not provide the same level of radiation protection. Failla added that
42
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given the international situation and the fact that Americans were in a scientific, as
well as a military race, with the Russians, it would be unfortunate to handicap basic
research in the United States by imposing the proposed dose limit. Finally, he pointed out

that from the standpoint of population genetics, it did not matter what exposures a few
individuals received, as a few extra mutations would not affect the overall health of the

gene pool. Failla proposed that the Genetics Panel send any recommendation for
occupational exposure to the Pathology Panel for their consideration. Thus, though Failla

was content to see the Genetics Panel set a limit for the general population, he wanted
decisions about the occupational limits to remain in the hands of the NCRP and the
Pathology group, many of whom worked directly with radiation.

Failla's attempts to use arguments with which the geneticists would

identifythat the occupational limit would hinder academic research and that a few
over-exposed individuals would not harm the gene pool--did strike some cords. Muller's

first reaction was his previously quoted diatribe about physicists' sloppy laboratory
habits when using radiation. Geneticists on the panel were not dissuaded from continued

consideration of an occupational limit. They pressed ahead with drafting a letter to
national laboratories and companies involved in atomic energy research and technology.
The purpose of the letters was to elicit honest answers about the economic and other
practical costs of a total occupational dose 1imit.

Later in the Genetics Panel's deliberations, Weaver invited Failla to expand upon
his concerns about the 50 r limit. This time Failla took a slightly different tack. He stated
Abridged Transcript, National Academy of Sciences, BEAR Committee, Genetics Panel, Second
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that setting a cumulative occupational dose involved more than just genetic
considerations. Somatic effects such as life-shortening also needed to be weighed. Thus,
other groups of specialists, presumably including the Pathology Panel, would need to
have a say in the matter, and Failla did not think that these other groups currently would
accept the 50 r limit. Many of them would simply dismiss the limit as another example of

geneticists' exaggerated conservatism about radiation standards. According to Failla,
others, particularly medical men, would say "that this amount won't do any harm to the
individual and why should we worry about what may happen in future generations."45 He

then suggested that a division between geneticists and medical experts would be "very
unfortunate" at this time. Failla again contended that on genetic grounds only the average

dose to the whole population mattered and that the exposure of a relatively few

individuals would not matter. He accused the rest of the panel of worrying about the
psychological impact on parents who had an abnormal child after an overexposure,
although this was an event that would have no effect on the future of the human

population. He concluded: "Certainly it isn't purely a genetic matter. You are going a
little beyond your field in recommending that the total dose should be not more than 50
rem in the occupational

group."46

Sonneborn retorted that it was a genetic matter, though not a matter of population

genetics. Despite the fact that a limited number of individual overexposures would not
significantly affect the health of the gene pooi, they were still concerned with "individual
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genetics." Beadle added that one child out often born to someone who had received 50

r, would have an induced mutation that would have detnmental effects (Glass and
Sturtevant later corrected this estimate by noting that only about six percent of the
induced mutations would express some amount of dominance in the first generation).

Failla would not give up the fight. He stated that in a few years enough information
would be collected to determine accurately what exposures workers were receiving. He
believed this evidence would show that workers were receiving far less than the current

permissible limit. With such low routine exposures, there would be no need for a
maximum total dose.

Failla also emphasized that, from an administrative view, it would be

tremendously complicated to keep exposure histories for all workers. In part, this was
because of current standards for record keeping. The general practice was to report all
dosages below a certain threshold as zero. At some places the cutoff was at one third of
the permissible dose. Failla said, "I've seen hundreds of them marked zero, although you
know perfectly well that the workers got something."47 (No one asked Failla to reconcile

the apparent incongruity between his claim that good data on actual worker exposures
would soon be available with his description of the apparent lack of precision in current

record keeping.) How, Failla asked, can you add up such negligible exposures which
would amount to less than 50 r anyway?

After Failla's impassioned plea for the panel to set aside the question of
occupational dose limits, Weaver advised the rest of the panel that while they should take
Failla's practical points into account, they should not necessarily be deterred from setting
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an occupational limit: "This game we're playing is for keeps. We certainly mustn't
fail to say what is right just because we think it is a little inconvenient or will cause a
readjustment of certain procedures."48 Failla agreed that the question should be settled on

scientific grounds regardless of possible administrative difficulties, but that
non-scientific considerations had already been considered when establishing the limit.

Beadle dismissed Failla's claim that geneticists should not recommend a limit because it
wasn't exclusively a genetic question. He believed that there was a substantial amount of

evidence that there was a significant amount of risk from 50 r of radiation. Though he
could not provide a set of facts that gave positive proof, he believed that there was enough

information to show the need to act now. The geneticists need not wait simply because
the pathologists did not think that they themselves had the scientific grounds to set a limit.
C.C. Little agreed:

I think we are in danger of confusing principles with the quantitative
details. If we make up our minds that we are going to say what we think is
right, we can afford to take time finding out more nearly just what is right
and aiming at the exact quantity. But to yield on any question of principle
I think would be suicidal. The time to do this is early.49
Failla again asserted that a 50 r limit would not be accepted by other groups concerned

with radiation standards. He was particularly worried that, if geneticists recommended
such a limit, the resulting disagreement with other groups might become a controversy in
the public press.

"
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As a physicist who had long been involved with the medical uses of radiation
and radiation protection standards, Failla had a significantly different agenda than the

geneticists on the panel. He was quite willing to accept the 10 r population accumulated
dose limit even though the NCRP had never ventured a recommendation on the average
population dose, nor had they ever proposed a limit on the total accumulated dose.

Failla's obvious concern with public controversy over radiation exposure, and his
emphasis on the importance of having geneticists play a leading role in setting the limit

for the population, suggest that he sought to mollify public concern about radiation. A
standard for the population, endorsed by leading geneticists, might well assure the public

that radiation protection was under control and dampen the public controversy that

geneticists, in large part, had initiated. Allowing the geneticists to set an occupational
dose limit was a different matter entirely. Setting occupational standards had long been
the prerogative of physicians and physicists associated with the industrial and medical

uses of radiation. Knowing from his membership in these groups that they would not
accept the limit proposed by the geneticists, he worried that such a recommendation

would only exacerbate the public controversy over radiation hazards. Failla knew that
geneticists now required some voice in radiation standards; however, he wanted to limit
their authority.

Faced with Failla's critique, the geneticists generally closed ranks. Russell
provided Failla with some support by interpreting Failla's position as a desire to postpone

the setting of the dose for a few years in order to acquire more quantitative data. So few
people were currently getting over 50 r that hardly anyone would be hurt by the delay and

waiting would avoid throwing "a monkey-wrench into essential operations going on in a
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tough world."50 Wright and Neel supported Failla's point that occupational exposure

would have little, if any, effect on the gene pooi. The main reaction of the geneticists was

to assert both their right and responsibility, on the basis of genetic principles, to

recommend a dose limit for both the population and radiation workers. They fully
intended to consider the economic cost and recognized the need for more quantitative
data; however, most of them believed that their genetic principles were justification
enough for setting limits for radiation exposure in any context.

Occupational Inquiries
Once the geneticists had decided to proceed with recommending an occupational
dose, Weaver moved forward on collecting information related to setting an occupational

dose limit. He wrote to several members of the Pathology and Waste Disposal
Committees. Weaver began by stating that in the opinion of the Genetics Panel, any
additional increase in radiation exposure was unfortunate and harmful from the genetic

point of view. The Panel was tentatively considering recommending a 10 r limit on
accumulated dose for the population and a 50 r limit for occupational exposure. Weaver
reported that the Panel was more firmly decided on two additional recommendations: the

establishment of a nation-wide registry to keep track of the total radiation exposure of
each citizen; and the requirement that jobs requiring relatively high radiation exposures
must be carried out by people who would not reproduce. Weaver asked for comments on
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the proposals, particularly with regard to what handicaps the dose limits might place
on waste disposal, atomic energy development, weapons testing,

etc.51

Weaver also wrote to Charles Dunham, Director of the AEC Division of Biology

and Medicine. He asked Dunham to comment of the feasibility of the AEC obtaining
information on occupational exposure from several of the national laboratories, as well as

two or three industrial firms involved in atomic energy. Weaver wanted data on current
exposures at the installations, broken down by occupation, sex, and age. He also wanted
an estimate of the effects of setting a 25 r, 50 r, or lOOr total dose limit on industrial and

research operations involving radiation exposure. Regarding the questions about the
proposed exposure limits, Weaver asked Dunham: "Can one reasonably expect any
answer other than the one I would get from my daughter if I proposed three different cuts
in her allowance?"52 Dunham replied that he could easily get the answers to the first two

questions. Dunham also agreed to inquire about the effects of the three proposed dose
limits on operations. However, he cautioned that asking for a quick response would only
bring protests and suggested the establishments should be allowed two to three months to
produce well-considered

answers.53

Austin Brues was the first to reply to Weaver. Brues opened his letter by assuring

Weaver that the conservative conclusions of the Genetics Panel were unlikely to
influence the conclusions of the Pathology Panel in any way. Speaking for the Pathology
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Panel subgroup on internal emitters, Brues said that their subgroup would recommend

a permissible exposure limit for bone-seeking radonuclides of 1 r in addition to natural
background radiation, including that from radioactive elements normally present in the

body. This accumulated dose from internal emitters would be equivalent to about 0.05
microcuries of strontium-90 per adult, or 0.15 r per year. Brues did not consider his

subgroup's work particularly relevant to genetics. He asserted that the radionuclides of
major importance were largely bone-seeking isotopes which would not accumulate in

soft tissues. Thus, it was unlikely that internal emitters would significantly add to the
gonad dose, though there was little experimental data on gonad concentration of isotopes.

For the same reasons, remote, long-term fallout, which Brues said was mostly
strontium-90, would not add appreciably to genetic effects.54
Replies from the national laboratories and industrial companies were unanimous

in opposing the setting of a 50 r occupational dose limit. Their justification was
two-pronged. First, almost all workers currently received well below the maximum
permissible exposure. As it was highly unlikely that any of them would eventually
accumulate 50 r, there was no need for the regulation. Secondly, a 50 r limit for each
individual, not an average for all workers,, would cause serious difficulties. Herbert
Parker, a health physicist at Hanford, charged that such a limit would impose a "serious
handicap" on the atomic energy program.55 Allen M. Goldstein, General Manager of
Isotopes Specialties Company, thought that 25 r or 50 r dose limits would discourage
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industry from undertaking some projects that would be beneficial to the company and

the economy as a whole. He believed a 50 r or lower limit would also discourage
companies with a young workiorce from using radioactive materials and encourage
companies that did work with radioactive material to bypass younger people when
hiring.56

Alvin Weinberg, the Director of Oak Ridge National Laboratory, had a slightly

different view. He believed that the atomic energy industry could continue current
methods of operating under the 25 r, 50 r, and 100 r limits. These limits, particularly the
25 r, would increase operating costs. Weinberg estimated that the 25 r limit would
increase the cost of some operations, such as chemical recovery, by 25 per cent.

Weinberg's biggest complaint was about the different dose limits for the general
population and occupational persons. Though a different standard for workers and the
population might be genetically sound, Weinberg believed that it would create "an
administratively difficult situation." For example, there would inevitably be higher costs

for radiation workers' life insurance, and those workers would demand higher pay
because of "the presumed hazards to be encountered in atomic energy."57 Weinberg

strongly advised that different standards for workers and the general population should
only be implemented if the cost for enforcing the universal standard prove prohibitively

expensive. Regarding the suggestion for lower weekly exposure rates, such as the 0.03 r
previously mentioned, Weinberg noted that it was difficult to get reliable measurements

for exposures less than 0.03 r per week. Present instruments used for radiation detection
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had a range of error of plus or minus 0.015 r per week. Wendell C. Peacock, Technical

Director of Tracerlab, Inc., told Weaver "that prudent administration of the present rules
for maximum permissible dosage keeps personnel exposures almost as low as the present
technique for dosage measurement will

allow."58

Weinberg's desire for a single

maximum accumulated dose may have also been for psychological reasons. Herbert
Parker advanced such a reason in his reply, stating that it would be "tactically unwise" to
have a general population level lower than the occupational level "because of the
psychological reaction of those above average" presumably the workers.
Weinberg included data on radiation exposures received by Oak Ridge personnel.

The data that he submitted differed somewhat from unofficial preliminary data on Oak
Ridge exposures given to the panel confidently by Hollaender over two months earlier.
The official data consistently reported fewer cases in the higher exposure categories than
the preliminary

data.59

Some of the differences in the figures might have been due to

reclassification of the positions. For example, the total personnel in the Engineering and
Mechanics Division went from 863 in the preliminary data set to 830 in the official data

set. Part of the discrepancies might also have been due to the difficulty in calculating
accumulated doses. As Weinberg mentioned, it was difficult to measure exposure
accurately in the 30 mr (0.03 r) range. Furthermore, as Failla noted, doses under a set
threshold were often reported as zero. According to Wendell Peacock of Tracerlab, film
badge services reported levels up to 20 mr to 50 mr as zero. Assuming the higher figure,

"

Alvin M. Weinberg to S.R. Sapirie, 10 May 1956, American Philosophical Society Library, Neel Papers,
committees, NAS.
Wendell C. Peacock, Technical Director, Tracerlab, inc. (X-ray subsidiary--Keleket X-ray Corporation),
Boston, MA, 22 March 1956, American Philosophical Society Library, Neel Papers, committees, NAS.
M. Weinberg to S.R. Sapirie, 10 May 1956; Warren Weaver to Genetics Panel, 2 March 1956,
American Philosophical Society Library, Ned Papers, committees, NAS.

Peacock calculated that as much as 0.65 r per quarter per person went unrecorded. For

a worker who had been in the industry for fifteen years, this would amount to 39 r in
unreported dosage.6° The data for biologists showed that they generally received much
less occupational radiation exposure than other scientists involved in radiation standards,
such as health physicists.

The strongest reaction to the Genetic Panel's proposed limits came from the

health physicist Herbert Parker. In his review of the Genetic Panel's recommendations
for Abel Wolman, Parker expressed surprise that the Genetics Panel was planning to

propose limits. Parker viewed this action as a significant deviation from the original
intent of the BEAR study, which he had interpreted as simply presenting the effects of

radiation. Parker reminded Wolman that traditionally the NCRP had determined
radiation protection recommendations. In light of this, Parker argued:
The current proposals of the Genetics Panel represent a serious deviation
from current recommendation. Their effect would surely be to create
confusion, cast doubt on the caliber of the NCRP and possibly open the
way to innumerable dubious claims from persons already exposed to
higher levels. These are matters of major importance to the Atomic
Energy Commission and the atomic energy business at large. We
recommend that the advisability of such action be very carefully
reviewed.61

Parker worried about the reaction of both the general public and atomic workers to the
proposed limits. He was also concerned to maintain the expert status of the NCRP in the

field of radiation protection. In reviewing Parker's review for Warren Weaver, John
Laughlin, a biophysicist who was preparing a report of radiation doses received from all
sources for the use of the Genetics Panel, commented that Parker had neglected to
60Wendell C. Peacock, Technical Director, Tracerlab, inc. (X-ray subsidiary--Keleket X-ray Corporation),
Boston, MA, 22 March 1956.
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mention that the NCRP had not, to date, included genetic considerations in its
estimations of permissible dose. Laughlin believed that genetic effects were important to
consider, adding that any recommendation for a specific maximum dose should be

submitted to the NCRP. Laughlin judged that Parker had legitimate concerns. He found
Parker's reasoning valid with respect to the difficulties that a 50 r occupational limit
would cause atomic energy work. Laughlin also agreed that Parker had a legitimate
concern about the manner in which the recommendations were presented to the public.
He advised emphasizing the need to keep the average exposure of the population low
dissociated from ideas about genetic effects at the individual level on first generation
offspring.62 Despite the displeasure of those in medicine and industry who were

consulted about the proposed occupational limit, the geneticists remained unified in their
determination to set such a limit (with the exception of Neel, who preferred to set no

limits at all). The major disagreement among the Panel members centered on how to
present the genetic argument for justifying their recommendations.

Ten Roentgens Times One Hundred Sixty Million Babies: Bracketing the Damage
Weaver suggested three alternatives for justifying the Panel's recommendations.
The first was to simply state that any amount of radiation is bad and that exposure should

be kept as low as possible. The second was to explain the spontaneous and induced
mutation rates, calculate the doubling dose, and use this result to illustrate the potential

genetic effects. The third was to provide more detailed calculations of the amount of

Herbert Parker to Abel Wolman, 7 April 1956.
62John S. Laughlin to Warren Weaver, 1 May 1956, American Philosophical Society Library, Neel Papers,
Committees, NAS.
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genetic damage that might be caused by a certain dose of radiation received by a

population. Rather than choose among Weaver's alternatives, the panel decided to adopt
all of them. Both Weaver and Sonnebom recommended that they only calculate the
damage to the first generation and the damage accumulated in the first through tenth

generation. Sonnebom believed that estimating effects beyond the tenth generation was
not useful because it was impossible to see what social changes might occur, making the

estimate for far-off generations virtually meaningless. He also thought that it would be
difficult for the public to grasp the meaning of such long-term estimates. Sturtevant
agreed that limiting the calculations to ten generations served a good psychological
purpose, since it would be easier to get the public concerned about the genetic effects if
they focused on the first few generations. The effects on generations a thousand years in
the future would probably be shrugged off by lay people.63 Weaver asked the panel to
calculate the effects of 10 r on a population of 160,000,000 for the first and

first-through-tenth generations. For the first through tenth generation calculation, he
asked that they calculate the damage caused by the one-time exposure of 10 r to the first
generation and the damage from the exposure of each of the first ten generations to 10 r.
Neel remained adamantly against such calculations. As they were writing up their

data on the Hiroshima and Nagasaki survivors, Neel and his collaborator William Schull

had considered making calculations of the likely genetic damage. They concluded that
the range of assumptions was so great that such calculations would be ". . .invalid and
misleading. We cannot set limits. Such calculations give the appearance of mathematical

63
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exactitude to a problem which is very remote from being that exact.M Neel would
make his data available to anyone who wished to use it for such calculations, but he was

unwilling to make estimates. Sonneborn remarked that he was interested to see whether
other geneticists would feel as pessimistic about the problem. Weaver, a mathematician,
had already offered the view that despite the uncertainties, the calculations might be

valuable. In his work on operations analysis during World War II, he had performed
similar bracketing calculations. He had discovered that frequently the important answer
was insensitive to the wide ranges of some of the brackets. At times, the uncertainties did

not make much difference and they still got significant answers. Sturtevant felt that the
estimates should be set widely enough so that they did not get a strong negative reaction

from geneticists who were not on the panel. Muller added that though he had received
some "fairly sharp adverse reactions" to previous estimates he had made, very few of
these reactions had been from geneticists.65 With Neel the lone vocal holdout, Weaver
asked everyone on the panel to attempt the calculations if they could, and he hoped that at

least six or seven of the members would comply.
Nine panel members submitted calculations on the genetic effects of additional

radiation exposure. Seven of them calculated the total genetic damage from 10 r to a

population of 160,000,000. Neel did not. In a letter to Weaver, Neel again aired his
disagreements with the majority of the panel. First, Neel disliked the turn taken by the
panel toward emphasizing the recommendation of a permissible dose. He believed that
setting a permissible dose was entirely premature and suggested a different focus for the
Abridged Transcript, National Academy of Sciences, BEAR Committee, Genetics Panel, Second
meeting, Chicago, Illinois, 5 and 6 February 1956, p. 36.
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panel's efforts: "I have seen in the creation of our Committee a dramatic and telling
opportunity to underline the great gaps in our genetic information concerning man, gaps
which must be filled in before the geneticist can make estimates which will have any
lasting

validity."66

Neel hoped that the panel would place a great deal of emphasis on the

gaps in human data in its final report. Second, Neel again expressed his reservations
about calculating quantitative estimates of the amount of genetic damage done by 10 r.
He reiterated that existing information was inadequate to allow a meaningful quantitative

treatment of the problem, reporting that he believed he had some support from Wright

(who would provide a numerical estimate) and non-vocal members of the panel. Neel
told Weaver that he planned to send a chapter of his upcoming monograph with Schull on

the ABCC data which would detail the reasons for his position; however, he did not
expect to make many converts.

Those who did submit calculations approached the problem in a variety of

different ways. Five of the seven who calculated the total damage basically used what
Crow termed the most direct procedure. Beadle, Glass; Moser [whose calculations were
submitted by Kaufmann}, Crow, and Muller estimated the total number of mutants by

taking the rate per roentgen from Russell's specific-loci mouse experiments and data
from Drosophila on the ratio of all lethal and detrimental mutations to visible mutations

(the type measured by the mouse experiments). Each applied somewhat different
corrective factors. Russell based his estimate not on his specific-loci data, but on the
observed decrease in survival to three weeks of age of the mice in his experiments, as
65
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measured by reduced litter size. Muller calculated the damage by another method (in
addition to the direct method), measuring the increase in premature deaths based on data
on offspring of consanguineous marriages, which presumably would more readily show

the effects of inherited recessive alleles. This method also required the assumption of a
doubling dose, for which he assumed a range of 40 r-80 r. In reviewing the estimates,
Crow noted that the best estimates of each panelist agreed within a factor of five or less;
however, their confidence in the best estimate varied widely, as shown by the differences

in their minimum and maximum estimates:67
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The range of estimates of the damage caused by 10 r to 100,000,000 children of the

exposed parents was from 2,000 mutations to 20 million mutations. Despite this wide
range, the averages grouped closely around 100,000 to 300,000 mutant genes.
James Neel to Warren Weaver, 14 February 1956, American Philosophical Society Library, Neel Papers,
committees, NAS.
67
James Crow to Warren Weaver, 12 March 1956, Caltech Archives, Sturtevant Papers, box 11, folder
11.9. The drawing was enclose with the letter.

351

Several of the geneticists submitting calculations brought up the balance
position in their explanations, though they did not necessarily base their calculations on

this view. Wright took the possibility of a selective advantage for heterozygotes into
some of his typically complex and lengthy calculations. He tended to side with
Dobzhansky, with whom he had collaborated extensively, regarding the level of

heterosis. However, he was most concerned with determining the quality of damage
caused by the mutation, not simply its selective advantage or disadvantage. The spectrum

of genetic injury ranged from embryonic death, which Wright viewed as of liule

importance to the population, to mutations that produced severe handicaps. Wright was
particularly interested in the cost of these mutations to society. Below is a description of
some of the phenotypic classes Wright devised for measuring the social effects of
mutation:

Contribution to Society versus Cost to Society

Contribution <cost because of unearned wealth, etc. (playboy type)
Contribution <cost because of antisocial career
Contribution <cost because of subnormal physical constitution
Contribution <cost because of subnormal mentality

Wright believed that these categories had a significant genetic component to them;
however, given the nature of his categories, he found this aspect of genetic injury difficult

to

quantify.68

The basis for Wright's final estimates was his admittedly arbitrary

assumption that one million out of one hundred million children are handicapped by a

detrimental mutation, excluding embryonic deaths and stillbirths. One reason for his
comparatively narrow limits relative to the other geneticists who made the genetic

68JeS Crow, "Quarreling Geneticists and a Diplomat," pp. 462-463.
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damage calculations was that Wright only counted mutants which he thought would

have a detectable postnatal effect. The damage caused was then calculated under two
hypotheses--that 80% of the defectives were caused by dominant mutations and the rest

by recessives, and that 40% percent were caused by dominants. Under these
assumptions, his estimates for the damage done by the exposure of the population to 10 r
for one generation ranged from 87,000 to 158,000

defectives.69

Though Wright was conservative in his calculations and leaned more to the

balance view than the classical, he fully supported Muller's crusade against radiation
exposure.7°

The Bravo shot and the expected growth of the atomic energy industry had

increased Wright's concern about the population effects of radiation exposure. He
rescinded his comment from the 1949 Oak Ridge Genetics Symposium, when he had
stated that "there is little or no threat to the persistence of the population as a whole from
this cause [increased radiation exposure]." Wright now emphasized that geneticists had a

responsibility to keep this newly important risk to the population from materializing.
Though workers should be advised of the possible effects of receiving large exposure, the

safety of the population should be geneticists' first priority.
Demerec had based his estimate, as far as it went, entirely on experimental data on

his organism of choice, E. coli. He would only go so far as to estimate the number of
visible mutations that would be induced in 160,000,000 children whose parents had
received 10 r 8,320 induced mutation in addition to 14,200 spontaneous mutations.

Demerec was unwilling to estimate the total numbers of mutations. He also added that
69
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only a fraction of the induced mutations would be detrimental, but that presently it was

impossible to determine that factor. Demerec defended his cautious attitude by reference
to the balance view. He believed that speculations about the genetic damage sustained by

future generations "could only be based on assumptions not supported by experimental

evidence." Specifically, these assumptions were that there was a lack of heterosis and of
interaction between genes the classical view. Demerec continued: "It seems to me that
a better understanding of heterosis and of these mechanisms [for maintaining heterotic
combinations] is essential if we are able to judge how realistic are calculations used by
some in estimating the effect of radiations on populations

which deny the existence of

heterosis."7' Demerec did not believe that Bruce Wallace's experimental results showing
increased viability in irradiated fly populations should be disregarded, even though they

were different from what most geneticists would expect them to be. In particular, he did
not want Wallace's results excluded from consideration by the panel on the basis of the
extremely high selection, attributed to embryonic death due to crowding, in Wallace's
experiments. Demerec suggested that this reason for not applying Wallace's results
would be rendered moot if evidence were found for an estimate that placed human

pregnancy wastage at 70%-80% (corresponding to high embryonic death). He also
mentioned that Wallace was planning experiments to eliminate the crowding effect if his

AEC funding was not reduced. Of course, Demerec knew Wallace's work well, as
Wallace worked at the Cold Spring Harbor Laboratory, which Demerec directed. Though

Demerec did make a half-hearted stab at calculating genetic effects, his effort seemed
70M.S.J. Hodge, "Biology and Philosophy (Including Ideology): A Study of Fisher and Wright," in The
Founders of Evolutionary Genetics: A Centenary Reappraisal, Sahotra Sarkar, ed., (Boston: Kluwer
Academic Publishers, 1992), pp. 23 1-293, p. 282-283.
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more for the purpose of providing a platform on which to make an argument similar to

Neel's that more research (and more funding) was needed to make any valid estimation.
In Demerec' s view, more funding was needed fOr Wallace's

Drosophila work

rather than

for human studies.

Berwind P. Kaufmann, a colleague of Wallace's at Cold Spring Harbor, also
wrote to Weaver about the balance hypothesis. After discussing the genetic structure of
populations with Wallace, Kaufmann thought that his ideas should be entered into the
record for consideration by the panel. By Kaufmann' s account, Wallace emphasized that
little was actually know about the genetic structure of populations, particularly regarding

the role played by heterosis in the fitness of the population. if the human population
structure was a balanced polymorphic system, this would cause the population to lose
some individuals but the remaining population would gain through the survival of

superior individuals. This is because a balanced polymorphic system results when
natural selection favors heterozygotes over homozygotes. A classic case is sickle-cell
anemia. Heterozygotes for the sickle cell gene do not manifest the sickle-cell disease and

have a greater resistance to malaria. An individual homozygous for the sickle cell allele
generally dies young from the disease, while those homozygous for the "normal" allele
are more susceptible to malaria. Thus, the heterozygote is selected for. If a large fraction
of the loci were superior heterozygotes (or overdominant), then this would result in a
large number of deleterious homozygotes, many of which might lead to prenatal death.
For this reason, Wallace thought that evaluating radiation damage required the
determination of whether the human population was a balanced polymorphic system, the
71Milisliv Demerec to Warren Weaver, 11 February 1956, American Philosophical Society Library, Neel
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total prenatal mortality of the population, and the fraction of the prenatal mortality that

was a result of the balanced polymorphic system.72 Kaufmann passed on some rough
calculations by Wallace about the relative importance to the population of newly induced

mutations under his hypothesis. The importance of the new mutation was related to the
measure of prenatal mortality which, as noted above, was an indication of the amount of
heterosis. If the importance of a new mutation was assigned a value of one when prenatal

mortality equaled 10%, then the relative importance of the new mutation would drop to

0.005 when prenatal mortality was 90 percent. Demerec had brought up the importance
of prenatal mortality in relation to Wallace's work from a slightly different angle,
speculating that human pregnancy wastage might already be quite high.

Though Kaufmann thought that Wallace's hypothesis should be discussed by the

panel, he did not view it as particularly helpful to the panel's short-term goals. The
considerations he raised in his discussions of Wallace's views concerned the population
as a whole rather than individuals and "one must think of individuals in considering
radiation damage to human populations." Thus, Kaufmann saw little alternative but to

use the genetic load model for estimating the genetic effects. In closing, he passed on
Wallace's concern "that it would be disastrous for geneticists to accept these models as
final and to direct all future experimental evidence toward quantifying the variables
demanded by the model for a solution under its conditions."73
Again, Wallace showed concern that acceptance of the classical model for
calculations of the genetic effects of radiation might marginalize his own work on

Papers, committees, NAS.
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population structure. He also continued to work out his theoretical opposition to the
classical model. As panel members were submitting their calculations to Weaver,

Wallace was reanalyzing data published on lethal heterozygotes by Curt Stern He told
Stern that he decided to reanalyze the data because he was disturbed by assumptions that
one could apply a blanket 4%-5% disadvantage for heterozygous lethals as a group.
Wallace believed that this ignored the variability between heterozygotes, particularly as
some (he estimated approximately 30%) might be advantageous, and led to errors in
estimating the proportion of mutations that were deleterious--i.e., that 99% or the vast
majority of induced mutations were

harmful.74

The panelists who submitted calculations were nearly unanimous in noting how

uncertain their estimates were. Crow mentioned that his values should be weighted
slightly differently to account for sex-linked effects, "but their accuracy hardly warrants
any effort spent correcting them."75 Sturtevant had a feeling of futility when reviewing

his calculations before sending them to Weaver. He lamented: "At almost every step it
has been necessary to make a guess, often with little to go on, and with no real basis for
setting limits within which the true value probably lies."76 All Sturtevant did feel
confident about was that there was an effect, and that because they were estimating
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effects on the whole population, even a small probability of injury would wind up
affecting an appreciable number of people.

Muller's feeling about his figures was somewhat different. He had gone beyond
Weaver's request and provided estimates for the total genetic damage done to all
generations, as well as to the first through tenth. Using the concept of genetic death that
each induced mutation, however slight in its deleterious effect, would eventually lead to a
death

Muller arrived at very consistent estimates of genetic damage. His most probable

estimation of the numbers of mutation induced by 10 r in one generation was 16,000,000.

Using the genetic death concept this estimate equaled 16,000,000 extinctions, or genetic
deaths, throughout all future generations and 16,000,000 extinctions per generation if

exposure was continued indefinitely. By contrast, his figures for minimum estimates for
extinctions solely in the first generation was 8,750; in the tenth generation after exposure

only to the first generation, 7,000; and in the tenth generation after ten generations of

exposure to 10 r, 80,000. Maximum estimates were 3,400,000, 1,400,000, and greater
than 20,000,000, respectively. Regarding these figures, Muller commented:
Summing up, the table shows the comparative security of our conclusions
for the number of mutations and for the total damage caused by them but
the enormous latitude possible in our estimates of the more immediate
damage and their consequent unsuitability for presentation to the public or
to non-geneticists as representing the major basis for our conclusions
regarding the need for rigorous protection from radiation.77
Muller was confident that the concept of genetic death was both scientifically correct and

a wise public relations strategy. He asserted that virtually all the induced mutations
would eventually end in a tragedy unless society somehow involved into a eugenic

7Hermann Muller to Members of Genetics Panel, 25 February 1956, American Philosophical Society
Library, Neel Papers, committees, NAS.

358

utopia. Muller compared banking on the emergence of such a utopia was like firing
and long range missile at a group of people on the supposition that they might develop a
method of intercepting the missile before it hit.
Muller was not alone in worrying that large uncertainties in estimates in the report

might blunt its public impact. Kaufmann commented on a section of the report entitled
"What are the Difficulties of Decision?" in an early draft by Weaver. Kaufmann believed

that the section might raise profound doubts about geneticists' competence to reach valid

quantitative estimates of genetic damage. Though he realized that geneticists did have a
responsibility to qualify their statements, he did not think it desirable to sound a negative

note about such efforts so early in the report.78

Debate over Genetic Death
Weaver was attracted to the idea of using the concept of genetic death in the

report. Crow believed that Weaver liked the elegance and simplicity of the principle.79
Weaver also thought that the genetic-death concept would be beneficial in explaining

genetic effects to the public. The simplicity of the concept would eliminate the need for
including a lot of details about degrees of lethality, population genetics, etc.80 The report
could provide an estimate of the number of mutations induced by 10 r and then simply
state that the number of induced mutations would be roughly equivalent to the same
number of genetic deaths.
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Neel strongly protested the use of the genetic death concept and continued to

express his reservations about any attempts to quantify the genetic effects. Though he
believed he had now been completely overruled on this point by the rest of the panel, Neel

assured Weaver that he would "go down with flags flying and guns booming to the
last."81

Neel did not find the relatively close agreement between the means of the various

estimates of the genetic effects particularly convincing. In his summary of the
calculations, Crow had noted that though the procedures used to calculate the estimates
were not entirely independent, he believed that they were based on measures different
enough to make the agreement between the estimates mutually reinforcing.82 Neel
thought that the coincidence of the mid-points was most likely due to the fact that
everyone making the calculations had to use basically the same figures for the number of
genes, the mutation rates,

etc.83

Neel also told Weaver that he did not think it was desirable to use the genetic
death concept. The chapter of his and Schull's forthcoming book on the ABCC study that

he had earlier sent to the panel would have already made his view on the issue clear to

those who read it. The chapter Neel sent was the final one, "Permissible Inferences." In
it, Neel offered a critique of Muller's genetic load/genetic death concept which one
reviewer later described as "lengthy and seemingly unnecessary and sometimes
hypercritical."84

In the chapter, Neel railed against any attempts to quantify genetic

damage. He said that no calculations should be made because "persons not thoroughly
' James Neel to Waffen Weaver, 8 March

1956, , American Philosophical Society Library, Neel Papers,
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indoctrinated in genetics and unfamiliar with the shaky basis of the primary
assumptions" might attribute greater accuracy to such calculations than they

warranted.85

The reviewer found this a curious conclusion, particularly as some estimates, however
inaccurate, were needed for the purpose of setting radiation

standards.86

Neel believed

that Muller's genetic death concept had not yet been critically examined. He emphasized
that selection rarely acted on individual genes, but rather acted upon complexes of genes.

Thus, the loss of one zygote or one genetic death might well eliminate many deleterious

genes in one fell swoop. Neel's emphasis on the interrelationships of genes was a key
part of the argument for the balance view

a gene which was deleterious in one genetic

context might be beneficial in another gene complex. In the face of ignorance, Neel
would tend to downplay, or reduce, the estimate of genetic damage. Muller, on the other
hand, believed his genetic death concept provided the best measure of total genetic
damage currently possible and that it likely represented the minimum.
Demerec also weighed in in favor of giving more consideration to the balance

view. Like Neel, he emphasized that the effect of a mutation depended in part on the
whole genetic constitution of an organism, citing recent work by Dobzhansky which
seemed to show that some mutations that were lethal as homozygotes were beneficial as

heterozygotes. Demerec reported an analysis by Curt Stern of his Drosophila data
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showed that 20% to 30% of the lethals exhibited this type of heterosis.87 In describing

his work with bacteria, Demerec said: "The [mutant] genes I am studying are

constructive and helpful; they are 'kind' genes."88
In short, Demerec thought that part of the emphasis on the harmful effects of
genes stemmed from work on Drosophila, where it was easiest to study deleterious
mutations. He was willing to agree that a large number of mutations were harmful, but
not that these represented a large proportion of the total number of mutations, as was

commonly stated. Demerec also believed that Russell's mouse data were so inadequate
that reference to his results showing a higher mutation rate in mice than Drosophila
should be stricken from the report. Demerec's final recommendation was that the report
emphasize more strongly the need for more basic research in genetics.
Wright offered a critique of some aspects of the genetic death argument, but also
believed that it had validity for some considerations of the effect of an increased mutation

rate on populations. Wright's criticism of the genetic death concept rested on the same
reasons offered by Neel and Demerec, that the harmful or beneficial effect of a mutation

was often determined by the overall genetic context. He used "suppressor" mutations as
an example of why not all induced mutations should be considered harmful. If a mutation

occurred at a locus which was essential for the initiation of a particular metabolic step,
and that mutation inactivated this gene function, then such a mutation would be harmful.
However, if another mutation occurred at another locus, enabling it to substitute for the
first, then the originally induced mutation would no longer have a harmful effect.
87
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Regarding population effects, Wright mentioned an unpublished experiment by
Wallace that raised the question of the extinction of a population due to increased
mutation. In an effort to produce a population of Drosophila that might be more resistant
to radiation, Wallace had exposed flies to 14,000 r per generation (as opposed to 2,000 r

for some of the populations that seemed to show increased vitality). The population
exposed to 14,000 r soon collapsed into extinction. To Wright, this indicated that an
extinction threshold for Drosophila lay somewhere between 2,000 r and 14,000 r. Wright

agreed with Muller that given their ignorance of where this threshold might lie for
humans, there was a danger that a rather small systematic increase in radiation exposure
to the entire human population might exceed the threshold for population

extinction.89

Based on his work on the induced mutation rate in mice, as well as the presumed greater
number of genes in humans, Russell thought that the extinction threshold for humans
might be 140 r per generation or lower.90

Wright then offered another criticism of the use of the genetic-death concept. He
found it inconsistent that the report often emphasized the personal viewpoint, by focusing

on the damage done to individuals and their direct descendents by dominant mutations
which produced observable effects, while estimating genetic damage based on the genetic

death concept, which forecast the damage done to all future generations and treated the

genetic damage from recessive and dominant mutations as equal. Here Wright returned
to his argument that mutations must be weighted differently in accord with the amount of

distress that they cause individuals and society. Wright believed the concept of genetic
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death was only pertinent for the purely population view. Unlike Neel and Demerec,

Wright did not offer a blanket critique of Muller's idea of genetic death. Rather, he
believed that different methods of estimating genetic damage were needed for the

individual and population viewpoints. For the individual, the index of genetic damage
should be based only on tangible defects, perhaps weighted by the amount of distress they

might cause. For the population, the index should include all manner of deleterious
mutations, including those that caused embryonic death, which Wright felt were

insignificant from the individual viewpoint. Wright's at least partial alliance with the
balance view did not assuage his concerns about the deleterious effects of an increased

mutation rate. He concluded by stating that the most important recommendation that the
Panel could make was to set as low a limit as possible on radiation exposure of the

general population. He thought that the 10 r limit seemed too high.
Sturtevant criticized both the use of the genetic death concept, also called the

Haldane-Muller principle, and Wright's views of it. Though Sturtevant agreed that some
genetic mutations might be advantageous or detrimental, depending on their genetic
context, he noted that the data used for estimates was based on relatively extreme
mutation effects which could be regarded as inherently unfavorable and that the
frequency of suppressors was negligible for practical purposes. Thus, estimates based on
these data were in a sense minimum estimates. Furthermore, Sturtevant thought that most

X-ray induced mutations were gene deletions or inactivations rather than mutations that

changed gene functions. This was in contrast with Muller who had long argued that
X-ray induced mutations were essentially the same as natural mutations. if most induced
mutations were gene inactivations, then even slight mutations would tend to be harmful
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regardless of their genetic

context.91

Despite his disagreement with Wright's

criticisms of the genetic death concept, Sturtevant was unhappy with using the concept in

the report. In contrast to Weaver and Muller, he thought the idea of genetic death was
difficult to understand. He agreed, in a sense, with Wright about the need to attach
different weights to the effects of mutations. Some effects, such as an early death did not

particularly worry him. Sturtevant was more concerned with relatively slight decreases
in quality or efficiency in such factors as disease resistance and

IQ.92

He concluded by

noting that, in some respects, his estimate of the genetic damage was greater than

Wright's and that Wright felt that 10 r was too high a limit.
Crow did not disagree with a issuing report that leaned heavily on the genetic

death concept. He seconded Sturtevant's point that their estimates were based on
obviously deleterious mutations, so that regardless of how many loci might exhibit

heterosis, the estimates were still valid. Crow recommended against mentioning Wright
and Demerec's reservations in the report in order to avoid criticism from other geneticists

that they had oversimplified the problem. He suggested adding two paragraphs which
said that some mutations have less effect than others on the individual, and that genetic
damage far in the future was of less concern because of likely improvements in science,

medicine, and society. The group should also state that some mutations corresponded to
normal variability and were not necessarily harmful of beneficial. For example, a
mutation that caused a slight weight increase might be detrimental to a fat person, but
advantageous to a thin person. Despite these qualifications, Crow still wanted to assert in
91
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the report that on average the damage inflicted by radiation is proportional to the

increase in induced mutations. Crow also thought that the wide divergence in the limits
of their estimates would undermine confidence in them. He suggested either omitting
them entirely or simply give one best

estimate.93

Unsurprisingly, given that Weaver's draft relied heavily on the concept of genetic
death, Muller had few substantial criticisms of the report. He agreed with Sturtevant and

Crow's criticisms of Wright's argument. He also agreed with Crow that the wide limits
to the estimates of the damage to the first through tenth generations ran the risk of
undermining confidence in the panel's statements. He again recommended that they give
the total damage as estimated in the genetic death concept, and he was willing to accept
Crow's suggestion that only one best estimate be

given.94

The bulk of Muller's response

concerned the recommendation of the 50 r occupational limit. Even though the number
of people who might be receiving high occupational exposures would be a relatively

small number, Muller thought setting such a limit was the ethical thing to do. Muller
thought it was particularly important not to put off recommending an occupational dose.
Though the government-run atomic energy laboratories and installations kept the vast
majority of their employees well below the maximum permissible exposure, he believed

that private companies would not do so. Economic considerations would lead them to
allow workers to receive as much radiation as permitted by the current weekly limit (a
total possible exposure of 400 r to 450 r in thirty years). Since the private development of
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atomic energy seemed on the verge of rapid expansion, Muller wanted geneticists to

voice an opinion before plans for these projects became set. His experiences with the
International Commission on Radiological Protection led him to believe that the
members of the Commission would seriously take into account genetic damage and set an

exposure ceiling with it in mind. He also reported that the chief opposition to including
genetic considerations at an ICRP meeting in 1952 came from the American

delegation.95

Failla was in Europe for a meeting of the ICRP during these drafts of the report.
Before leaving, he wrote to Weaver on his views about what the nature of the final BEAR

report should be. He began by saying that one of the striking things about the
deliberations of the panel was that there was no difference of opinion between them on
the fundamental problem of radiation-induced genetic damage, only on quantifying it.

He then offered Weaver advice on how to write the report. Failla felt it was extremely
important that the estimates of the genetic damage from 10 r be expressed in relation to
the genetic damage that would be caused by spontaneous mutations during the same span

of time. He thought that the justification for allowing additional exposure to radiation
beyond background was that the genetic damage produced by 10 r would only be a small

fraction of any effect caused by spontaneous mutations. Failla also cautioned Weaver:
Every effort should be made to avoid creating the impression that the
problem is being presented in an exaggerated way. This is a case in which
judicious understatements may be most effective. (For one thing, they
cannot be attacked). Such an impression could be created not only by
what is said and how it is said, but also by what is omitted.96
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Failla's other major concern was that the recommendation of the 50 r
occupational limit should not be included. He thought that this matter should be
discussed more fully, particularly as the panel had not had the time carefully to consider

the available information on life-shortening. Failla believed that the Genetics Panel
should consu]t with the Pathology Panel on the occupational limit in order to avoid any

possible disagreement between the panels. Failla did not share Muller's belief that the
ICRP would be a powerful ally in setting an occupational limit on exposure. Writing to
Lauriston Taylor before his trip, Failla assured him that the ICRP was unlikely to lower

the value for occupational exposure at the upcoming meeting. He alerted Taylor that the
Genetics Panel would doubtless recommend a permissible limit for the whole population,
and worried that a difference in limits for occupational versus non-occupational exposure
would have serious

repercussions.97

Part of Failla' s emphasis on the somatic effect of life-shortening and the need for
consultation with the Pathology Panel seemed to have stemmed from the growing
conviction

at least in the minds of the geneticists

that some somatic effects had a

genetic basis. In his letter to Weaver, Failla mentioned a previous letter by George
Beadle regarding the importance of somatic mutations in the deliberations of the Genetic

Panel. Studies on the Hiroshima and Nagasaki survivors showed that radiation exposure
had increased the incidence of leukemia. Beadle believed that it was plausible that this
increase was caused by somatic mutation, making it probable that there was no threshold

for increases in the leukemia rate. He was worried that the Pathology Panel might not
give proper consideration to this effect because it involved genetics, while the Genetics
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panel might assume that all direct, or somatic, effects would be covered by the
Pathology

Panel.98

Beadle had raised the issue to the Genetics Panel and Muller had also

mentioned the importance of considering the life shortening effect, with its probable

genetic basis. In both cases, life-shortening was raised in connection with setting an
occupational dose

limit.99
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Different Perspectives: The Pathology and Genetics Panels
The deliberations of the Pathology Panel occurred from late 1955 through the

spring of 1956, paralleling the discussions of the Genetics Panel. Contrary to Beadle's
fears, the Pathology Panel spent a great deal of time both on radiation-induced leukemia
and life-shortening. They did not, however, view somatic mutation as a probable, or even

particularly plausible, cause for either effect. In the deliberations of the Genetics panel,
there was considerable disagreement on several issues

predominantly theoretical issues

related to the classical/balance controversy. Despite such differences and Neel' s staunch
stand against any attempts at quantification, the members of the Genetics Panel were

united on the fundamental principles of radiation genetics. The linear and cumulative
aspects of radiation-induced genetic damage were virtually unquestioned. Discussions of
the need for more research on the linearity hypothesis were generally aimed at satisfying

the doubts of non-geneticists. The debate over the deleterious nature of most mutations
was mostly academic. All the geneticists agreed that the majority of mutations were

hamful, with Wright's "out-of-thin-air" suggestion of a 60 to 40 ratio between
detrimental and beneficial recessive mutations representing the highest percentage

estimate of heterotic (or beneficial) loci, exceeding even Wallace's
experimentally-derived estimate of thirty percent. All the geneticists were concerned
about an increasing mutation rate and all accepted the 10 r limit. Some of those who
hewed to the balance position, such as Wright, thought that 10 r was still too high. The
debate on the percentage of mutations that were deleterious primarily centered around

two issues: responsible communication by scientists and directions and support for
research. Geneticists aligned with the balance view believed that any report needed to
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include qualifications about the deleterious effects of mutations, otherwise it would be

misleading. Proponents of the classical view generally allowed for some qualification
with the possible exception of Muller, who believed that too much qualification would

weaken the geneticist's message. The greatest concern of those adopting the balance
view, however, was that excluding it would negatively affect research support for

experiments meant to put it on firmer scientific footing. Thus, the classical/balance
debate had little, if any, impact on the policy considerations of the Genetics Panel.
The deliberations of the Pathology Panel were less contentious than those of the

Genetics Panel. This may have been due in part to the structure of the panel. It created
subcommittees for different aspects of the problem, such as internal emitters and

hematological effects. The chairmen of these subcommittees, who were members of the
main Pathology Panel, summarized the deliberations of the subcommittees for the

consideration of the over-all panel. The Pathology Panel also had a far more restricted
view of its role. Unlike the Genetics Panel, it did not seek to recommend new exposure
limits but, if anything, to validate the current ones. In this respect, the Pathology Panel
mirrored both the AEC's and, to some extent, the NAS's concern with calming public
fears of radiation. In his discussion of the ABCC, John Beatty points out that one
responsibility of the NAS was to promote national defense and public welfare. As
discussed earlier, public fear of radiation was considered a threat to their interests both by

the AEC and the military. In the early days of the ABCC program, the NAS worked with

the AEC on the issue of public fear of radiation, holding a conference on "Psychological

Aspects of Radiation Hazards." Detlev Bronk, the Chairman of the NAS both then and
during the time of the BEAR Committees, had proposed that the NAS could aid in

371

assuaging public fears of radiation by substituting scientific knowledge for unfounded

rumors and prejudices.'
The members of the Pathology Panel and its subcommittees had more extensive
ties to the AEC and the military than did the members of the Genetics Panel, even though

most of the geneticists did receive some AEC funding and several were, or had been,

advisors to the AEC. The close ties to the AEC of many Pathology Panel members was
noted by the members of the Genetics Panel. Shortly after the release of the BEAR
report, Warren Weaver, who came to distrust official AEC statements on fallout, wrote to
Beadle:

Incidentally, and quite confidentially, do you feel entirely comfortable
about the degree of commitment and (perhaps unconscious) loyalty to the
AEC that exists in the pathology group? I do not.2

Beadle, who by that time had succeeded Weaver as the Chainnan of the Genetics Panel,
replied that he agreed with Weaver's comment about the Pathology Panel.3 Members of
the Pathology Panel became aware of this perception, but were relatively unconcerned
about it. In a report of a meeting of the subcommittee on Internal Emitters, Austin Brues,

the Chair and a member of the Argonne staff, mentioned that his group was considering
adding health physicist L. D. Marinelli, also a scientist at Argonne to the subcommittee.
Brues had worried about overloading the committee with Argonne staff members. (In
addition to Brues, Miriam Finkel and William P. Norris were Argonne scientists already

on the conmiittee.) He reported that happily his concern was not shared by the other

'Beatty, "Genetics in the Atomic Age," pp. 293-294.
2Wen Weaver to George Beadle, 12 July 1956, Caltech Archives, Beadle Papers, box 17, folder 17.3.
George Beadle to Warren Weaver, 19 July 1956, Caltech Archives, Beadle Papers, box 17, folder 17.3.
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members of the subcommittee.4 At a slightly later meeting of the subcommittee, the

members discussed recent public criticism based in part on its membership. One person
suggested that the entire committee resign to clarify the situation; however, the consensus

was that the cunent membership was "as competent as any group in this complicated
field, unbiased, and free from pressures."5 Though the members of the Pathology
Committee may well have felt free from pressures, they did, almost without exception,
have ties to the AEC or military or both.6

4Austin Brues to Charles Campbell, 19 July 1957, National Academy of Sciences Archives, ADM: ORG:
NAS: Corns on BEAR: Pathologic: Subcom on Internal Emitters: General.
Subcommittee on Internal Emitters, Committee on the Pathological Effects of Radiation, NAS-NRC,
Notes of Third Meeting, 19-20 August 1957, Argonne National Laboratory, National Academy of Sciences
Archives, ADM: ORG: NAS: Corns on BEAR: Pathologic: Subcom on Internal Emitters: Meetings:
Minutes, p. 1.
6Members of the Pathology Committee: Shields Warren--Health Division, Manhattan Project, Director of
AEC Division of Biology and Medicine (DBM); Howard Andrews--Chief, Nuclear Radiation Biology
Section, National Institutes of Health, 1948-; Austin Brues--Health Division, Manhattan Project, Director
of Argonne DBM; Harry Blair--Director of the University of Rochester Atomic Energy Project, 1948-;
John C. Bugher--Deputy Director of AEC DBM; Eugene P. Cronkite--U.S. Navy Medical Corp,
1942-1954, Hematologist, Naval Medical Research Institute, 1946-1954, Head, Division of Experimental
Pathology, Brookhaven National Laboratory, 1954-; Charles E. Dunlap--Consultant, Armed Forces
Institute of Pathology, 1952-, Pathology Study Section, Public Health Service, 1954-1957, Board of
Directors, Oak Ridge Institute of Nuclear Studies, 1955-, Jacob Furth--[?]; Webb Haymaker--Chief of
Neuropathology, Armed Forces Institute of Pathology, 1942-; Louis H. Hemplemann--Group Leader,
Health Group, Los Alamos National Laboratory, 1943-1947, Leader, Health Division, Los Alamos,
1947-1948, Special assistant to Director of AEC DBM, 1948-1950, Consultant, AEC DBM, 1950-,
Professor of Experimental Radiology, University of Rochester, 1951-; Samuel P. Hicks--Medical Corp.
1942-1947, Head of Department of Pathology and consultant, neuropathology, National Naval Medical
Center, 1947-1948, New England Deaconess Hospital [also Warren], 1948-; Henry S. Kaplan--Professor
of Radiology, Stanford University, 1948-; Sidney Madden--Head, Pathology Division, Brookhaven
National Laboratory, 1948-1951, Chair of Pathology Department, UCLA, 1951-, Consultant, Armed
Forces Institute of Pathology, 1955-; R.W. Wager [?J
Members of the Subcommittee on Hematology: Eugene P. Cronkite (see above); Victor Bond--Medical
Department, Brookhaven National Laboratory, 1955-1958; George V. LeRoy--Civilian with AEC med
Corp. 1942-1946 [?], Associate Dean, Division of Biological Sciences, University of Chicago, Consultant,
AEC DBM, 1951-; William C. Moloney--U.S. Medical Corp. 1942-1945; ABCC, 1952-1954; C.V. Moore
[?];James K. Scott--Professor of Radiation Biology and Associate Professor of Pathology and
Pharmacology, University of Rochester, School of Medicine and Dentistry, 1948-, Chief, Pathology
Section, Rochester Atomic Energy Project, 1946-; George V. Taplin--Assistant Professor of Clinical
Medicine, UCLA, 1947-; Res. Physician, AEC, Prof. Laboratory of Nuclear Medicine and Radiation
Biology, 1953-; C. F. Tessmer--U.S. Army Medical Corp. 1942-1945, Radiation Safety, Bikini Tests,
1946, U.S. Naval Medical Research Institute, 1946-1948, Director, ABCC, 1948-1951, Armed Forces
Institute of Pathology, Walter Reed Army Medical Center, 1954-; William N. Valentine--Instructor,
Rochester School of Medicine, 1947-1948, Head, Section on Hematology, AECP [?], 1947-1953,
Associate Professor, UCLA Medical School, 1951-1957, Consultant, Atomic Energy Project, 1953.
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The possible institutional bias should, however, be put into a broader
perspective. As already noted, there was a disciplinary bias within the AEC. Scientists in
the upper echelons of the administration, on the General Advisory Committee, and who
were directors of the Divisions of Biology and Medicine in the national laboratories, as
well as the AEC, were all physical scientists or physicians. Alexander Hollaender at Oak
Ridge was unique in his strong interest in genetics. Institutional bias and disciplinary bias
also overlapped in that both the atomic energy establishment and the medical community

had vested interests in the occupational use of radiation. For physicians, the use of
radiation dated back over fifty years--far longer than atomic testing or atomic power
and in general they (and physicists) had never believed that low levels of radiation would

cause any significant harm. Thus, the appearance of toeing the AEC party line may have
had as much or more to do with their disciplinary affiliations as their institutional

associations. In addition, some of the disquieting data on leukemia and life-shortening
came from scientists firmly within the AEC fraternity.

Life-Shortening
One reason that leukemia and life-shortening may have occupied a large amount
of the Pathology Panel's time is because there was apparently good evidence that both of

Members of the Subcommittee on Internal Emitters: Austin Brues (see above); Thomas F.
Dougherty--University of Utah School of Medicine [dog projectj, Special Consultant, U.S. Army Surgeon
General, 1944; Miriam P. Finkel--DBM, Argonne National Laboratory; Hymer L Friedell--U.S. Medical
Corp, 1943-1946, Professor of Radiology, Western Reserve University, 1946-; Wright H.
Langham--Health Division, Los Alamos National Laboratory; Kermit Larson--UCLA School of
Medicine; William P. Norris--Manhattan Area Engineers, 1944-1946, Group Leader, Biology Division,
Argonne National Laboratory, 1946-1952, Assoc. Biochemistry, DBM, Argonne, 1952-; J. Newell
Stannard-- Associate Professor of Radiation Biology, University of Rochester, 1949-; J.D.
Teresi--Research Associate, Manhattan Project, 1943, Clinton Laboratory [later Argonne], 1944, Chemist,
U.S. Naval Radiological Defense Laboratory, 1951-; Roy C. Thompson--Hanford Laboratories; Raymond
E. Zirkle--University of Chicago.
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these effects had a linear dose-effect relationship with radiation exposure. This did
not fit well with the threshold concept for biological injury favored by the medical

community. Two members of the Pathology Panel, Shields Warren and Harry Blair had
gathered a considerable amount of data on the life-shortening effects of radiation
exposure.

Warren had performed a retrospective statistical analysis of data collected

from death notices of physicians, especially radiologists, while Blair's data came from
experiments with mice. Perhaps the most widely discussed data on life-shortening at the
time came from Hardin Jones, a physiologist at the University of California Radiation
Laboratory in Berkeley, which received substantial AEC support.

Jones' work on life-shortening was not specifically focused on life-shortening by
radiation. He had developed a general theory of aging and disease in which radiation
injury was a part. According to Jones, every disease experience suffered by an individual

does some irreversible harm to bodily function, even if the individual apparently

recoveres from the disease. This decay in bodily function increases the physiologic age
of the person, thus rendering him more suseeptible to other diseases. In support of the
aging effect on disease susceptibility, Jones noted that in general the incidence of disease,

as measured by the death rate in a population, tended to double every 8.5 years. In Jones'

opinion, childhood disease experiences took the most toll. The most fit people were not
those who managed to survive early disease experiences, but those that had avoided them.

The increasing life span in many populations was due to the reduction in the number of

disease experiences, particularly in childhood. The elimination of any one disease that
might affect the entire population created a beneficial chain reaction. The elimination, or
significant reduction of one disease, such as tuberculosis, in a population would keep
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individuals physiologically younger (increasing life span) and reduce the incidence

and severity of other diseases. Jones believed that the general trend was the gain of one
year of physiologic time to the life span for each decade. The data underpinning Jones'
theory came from statistical examinations of populations

worldwide.7

In addition to his general population studies, Jones had become very interested in
the life-shortening effects observed in the Hiroshima and Nagasaki survivors. He noted
that from ABCC reports he had examined in Washington, the irradiated survivors
appeared to be dying twice as fast at any specific year of age as the average Japanese
population. Jones calculated, based on this information and the dosage estimates, that 1 r

reduced life span by approximately 15 days. The minimum and maximum limits for his
estimate were one day and thirty days per roentgen. If a worker received the occupational
limit of 50r, this would equal a two-year reduction in life span if the most probable 15-day

estimate was used. This reduction in life span was theoretically an increase in
physiologic age. The worker would be two years older in terms of overall health and
disease susceptibility. Jones greatest concern was that increased radiation exposure to
whole populations would eliminate or reverse the current overall trend of a one year

increase in life span (or decrease in physiologic age). This, in turn, would reverse the
beneficial chain reaction and cause an increase in the incidence of all disease. Jones
calculated that the exposure of the whole population to 0.03 r per day for ten years, using

the lower limit for life span reduction of minus 5 days per r, would be enough to reverse
the current trend.8 He thought that available data from animal experiments on

Hardin Jones to John Bugher, 18 July 1955, Caltech Archives, Beadle Papers, box 4, folder 4.25.
8H&djn Jones to John Bugher, 18 July 1955; Hardin Jones to Warren Weaver, "The Effect of Radiation on
Humans," n.d. (ca. the BEAR Committee meetings), Caltech Archives, Beadle Papers, box 17, folder 17.3.
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radiation-induced life-shortening supported his estimates. He asserted that this life
shortening effect was proportional to radiation dose with no threshold. In essence, it
exhibited the same linear, cumulative, deleterious character of genetic injury.
Jones was also concerned about the genetic effects of radiation. he did not believe
any certain answers could be given to the magnitude of the genetic effect; however, based

on his knowledge of the general action of demographic forces, he believed genetic injury
could well be a very great threat to the vigor of the population: simply keeping radiation
exposure below an amount that would double the mutation rate provided little assurance

of safety for public health. Indeed, Jones said he was "terrified by the thought of a level
of radiation which applied to the whole population might double the mutation rate."9 His
demographic studies led him to predict even more dire consequences than most

geneticists. He believed that doubling the number of deleterious alleles (apparently
referring to recessives, or partially dominant alleles), as an example, from 2 to 4, would,
when randomly distributed in a population, greatly decrease the number of people free of

deleterious genes, while greatly expanding the number who had multiple deleterious

genes. He believed the result of such an occurrence would be greater than a linear effect
on the health of the population. Jones also reported to Bugher that, in spite of strong
protests from industry and the military, England would probably reduce the weekly
maximum permissible dose to as low as 0.1 r per week (from 0.3 r) due primarily to

genetic considerations. Providing support for Muller's belief that geneticists must speak
out about occupational exposure before the atomic energy industry was in full swing,
Jones mentioned that some British industries engaged in atomic power had already

9Hardin Jones to John Bugher, 18 July 1955, p. 8.
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designed plants that would allow up to 0.3 r per week exposure and were having to
modify them.

Though Jones did not recommend a specific exposure limit to Bugher, he noted
that he believed permissible limits had been set far too high and should be lowered by at

least an order of magnitude. He placed most of the responsibility for radiation
over-exposure on the medical uses of radiation, as well as shoe fluoroscopes. He warned
against the use of x-ray machines by prisons in screening visitors, and by industries to

prevent theft of tools by workers. Sounding very much like a geneticist, he concluded:
All of these are producing no obvious harm, because the harm that is done
will not appear until a much later period of time, but every approach to this
problem indicates that the danger is very real and of very great possible
magnitude.1°

Jones did not suggest that life shortening was due to somatic mutations, or speculate on

any particular mechanism that might cause the effect. Some geneticists, such as Muller,
assumed upon hearing about such effects that they were probably due to somatic
mutations.11

Despite his deep concern over radiation exposure, Jones assured Bugher that

in a paper he was preparing for Science on his research, he was being careful not to make

any mention of the effect of radiation exposure on life span or any of its possible

applications to cancer incidence. Jones would provide a fuller view of the radiation
aspects to Bugher and the BEAR Committee.'2
Bugher wrote Jones that he found his approach profitable and had no fundamental

disagreement with his thesis. However, he took Jones somewhat to task over his
comments about genetic effects, saying "it [discussions of genetic effects] has all been
'°Hardin Jones to John Bugher, 18 July 1955, pp. 8-9.
Hermann Muller to Warren Weaver, 23 March 1956.
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speculative and there simply is no sound set of data which leads to a sharp quantitative

statement relevant to the eventual effects of enhanced mutation rates on human
populations."13

Again, in criticizing statements about genetic effects, Bugher emphasized

their wholly speculative nature and the need for precise quantification before (implicitly)

making such statements. Bugher allowed that ultimately, permissible radiation levels
might be based on population parameters rather than on clinically detectable injury in

individuals. He also asked Jones if his methods might be applied to the estimation of
other ill effects on populations, such as driving automobiles or air pollution. Bugher
believed this was extremely important because: "The hazards from radiation exposure
need to be related to the other hazards which human experience has found

acceptable."14

As was common among AEC officials and members of the medical community, Bugher
stressed the need to convince the public that radiation hazards were just like many others

with which they lived. Of course, many geneticists believed that the genetic hazard was
significantly, and qualitatively, different than other hazards in that it affected future
generations.

At the second meeting of the Pathology Panel, Harry Blair, a pathologist at
Brookhaven National Laboratory, presented his results on radiation-induced

life-shortening in mice. His results generally agreed with Jones' estimations of
life-shortening effects

the effect was proportional to the dose and the reduction was the

same for a dose received acutely or chronically. The dose-effect curve did depart from
linearity at high doses due to acute radiation injury. Blair also seemed to detect some

'2Hardin Jones to John Bugher, 18 July 1955.
Bugher to Hardin Jones, 29 July, 1955, Caltech Archives, Beadle Papers, box 4, folder 4.25.
Bugher to Hardin Jones, 29 July, 1955.
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difference in effect between single acute doses and divided doses--either divided acute

doses over a relatively short time, or lower, chronic doses. He expressed his estimates

differently than Jones. Rather than calculating days lost per roentgen, he stated them in
relation to the LD5O, a commonly used toxicological standard which equaled the dose
that would kill fifty percent of a population. He estimated that there was a 20% reduction
in life span from a single dose that was 85% of the LD5O and a 20% reduction from three

times the LD5O if it was given in divided doses. This suggested some degree of repair of
the radiation

damage.15

The panel members extensively discussed Blair's results. Furth brought up
Lorenz' s Manhattan Project era experiments, which in several cases seemed to show that
at very low doses of 0.1 r per day the life span of the mouse population actually increased.

Furth asked Blair if he thought there was something to those early results (Blair himself
had only gone down to doses of approximately 100 r). Before Blair could answer, Brues
deflated hopes that perhaps Lorenz's experiments had shown that very low doses were
stimulating. He commented that a current re-examination of the data seemed to indicate
that the apparent life prolonging effect was due to a reduction in infectious disease caused

by the killing of microorganisms by the radiation. Blair added that in low dose
experiments with Drosophila, a similar effect had been found, with the radiation killing

mites. Undeterred, Furth asked: "Don't you think it is an important point if there is not
only no threshold but there is even a beneficial effect from very small doses? Don't you
think there is something good that could be pointed out?"16 The matter was quickly

of the BEAR Pathology Committee Meeting, 22-23 January 1956, vol. 3, National Academy
of Sciences Archives, ORG: NAS: Corns on BEAR: Pathologic: Meetings: Transcript: Jan., pp. 64-70.
'6Transcript of the BEAR Pathology Committee Meeting, 22-23 January 1956, vol. 3, pp. 67-68.
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dropped. A great deal of discussion centered on whether or not the apparent life span
shortening was due to a higher incidence of disease than a general overall shortening

similar to aging. Blair asserted that this was not the case. Both the controls and the
irradiated animals had similar incidences of leukemia. In the irradiated population, the
leukemias simply tended to appear earlier. Thus, if one subtracted all the cases of
leukemia in the controls and the irradiated mice, the same overall life-shortening effect

remained. Blair interpreted this result in the same way as Hardin Jones--because of the
general radiation-induced aging, the diseases of old age occurred according to the
mouse's physiological age rather than its calendar age.17 Brues concluded the discussion

of Blair's data by mentioning that he and his colleagues at Argonne had been
experimenting with a different form of statistical analysis of such data than the Gompertz

function used by Jones and Blair. Their alternate method seemed to give a quadratic or
linear-quadratic curve, which meant the effect would not be proportional but would show

a much greater increase at higher doses.

Medicine and Radiation
The panel then considered a study by Shields Warren which showed that
radiologists died four to six years earlier than other specialists, members of the medical

profession in general, or the adult population of the United States. The radiologists also
showed an increase in leukemia, but Warren had determined that this was not responsible
for the general life span reduction.18 Hicks raised the question of whether the reduction in

life span of radiologists might be due to a selection effect; namely, that people became
'7Transcript of the BEAR Pathology Committee Meeting, 22-23 January 1956, vol. 3, pp. 92- 101.
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radiologists because they already had tuberculosis or were generally weaker
constitutionally. Kaplan noted that this had been a traditional consideration--that weaker
people went into radiology because it was one of the easier specialties--but that it was no
longer considered a valid bias.

Though I have generally referred to the medical community as a whole when
discussing many of the disciplinary issues in the low-level radiation debate, this lumping
is based primarily on a shared conceptual framework including the assumption of a
threshold, the importance of clinical approaches, and a generally more sanguine view of

radiation hazards. However, there were significant differences between the various
branches of the medical profession as well.

As represented by Hicks' comment, when the first cancer incidence and life span
studies on radiologists and physicians began to appear in the 1940s, many physicians
attributed the apparent differences not to radiation, but to inherent constitutional
weakness on the part of radiologist, which also reflected on their status in the medical

community. An example of a radiologist's reaction to this negative attitude was an 1956
address given by Clarence B. Hufford, the President of the Radiological Society of North

America. In it, he exhorts radiologists to protest against the possibility of being
considered mere technicians, or "picture takers." Regarding the radiologist-physician
relationship, Hufford said:

The not infrequent jibe in medical circles, 'I wish I were a radiologist,'
may well indicate a deep resentment of the radiologist's way of
life.. .There may be, in the background, a feeling that radiologists do not
work as hard as their fellow practitioners and that radiologists' fees are

'8Transcnpt of the BEAR Pathology Committee Meeting, 22-23 January 1956, vol. 3, pp. 101-102.
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exorbitant in the contribution which they make to the solution of most clinical
problems."9

Hufford exhorted his listeners to counteract such attitudes by religiously guarding the

sacred patient-physician relationship and maintaining an emphasis on the clinician's art,
whatever technical advances might seem to tip the balance of radiology towards the
science side of medical practice.

This attitude was represented in a new film from the Conmission on Public
Relations of the American College of Radiology, "First a Physician." Despite the
increasing scientific aspects of medicine, including an increasing use of statistical
methods, those trained as physicians still placed a great deal on importance on the

physicians' clinical art, just as did those in the prewar era. An example of the
pervasiveness of this attitude can be found with James Neel, who obtained an M.D. after

his Ph.D. in genetics. In 1956, C.C. Little asked Neel to consider succeeding him as
Director of the Jackson Laboratory, one of the leading U.S. institutions for genetics

research. Neel replied, explaining that he did not currently have time to visit the
Laboratory and discuss the possible position because he had to do rounds for the next

three months. By his estimation, Neel spent one third of his time as a clinician. He told
Little: "At any rate, I am currently functioning as attending man on one of our hospital

wards. This assignment, which is one that by tradition we all take pretty seriously, lasts
through

March."2° Though

Neel, by virtue of his training in genetics, was deeply

immersed in the statistical approach to science, he had also absorbed a good measure of
the physician's attachment to the clinical view.
'9Clarence E. Hufford, "Attitudes in Radiology," Radiology, 68:3

(1957), pp. 423-425, P. 424-425.
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Two earlier addresses at the Annual Meeting of the Radiological Society of
North America point up both the continued postwar attachment to the art of medicine and

divisions which existed between the medical establishment and physicists involved in
radiation protection. In the first, G. Ferlazzo of the Department of Radiology (Physics) at

the State University of New York, Syracuse, addressed health physicists or, as he
preferred to call them, medical physicists. In his view, health physics was a wartime term
that obscured the origins of radiation protection and had outlived any wartime usefulness

it might have possessed. In Ferlazzo's opinion, radiation protection itself was an
outgrowth of the clinical art:

The circumstances under which this work [radiation safety] must be
carried out are markedly variable and often delicate. Decisions, therefore,
must frequently be based on considerations of the particular case. In other
words, an enlightened expediency is at times required.21
In order to properly provide radiation protection in a hospital, the medical physicist must
appreciate the viewpoint of patients, nurses, and physicians and become knowledgeable

about hospital culture. He must be patient, humble, and provide economical radiation
protection "without at the same time interfering with the care of the patient or otherwise
adversely affecting hospital functions or the morale of personnel."

22

In Ferlazzo's view,

the medical physicist's role was ancillary. Ultimately, he should give great weight to the
physician's view with regard to radiation safety. As Ferlazzo put it, though he may know
how to solve dosage problems on paper, he does not treat patients,"23

20

Neel to C.C. Little, 31 January 1956, American Philosophical Society Library, Neel Papers,
correspondence, box Li-Lo, folder LIP.
21
G. Ferlazzo, et al., "Radiation Hazard Evaluation and Control in Hospitals," Radiology, 65:6 (1955), pp.
892-902, p. 892.
0. Ferlazzo, et al., "Radiation Hazard Evaluation and Control in Hospitals," p. 893.
G. Ferlazzo, et al., "Radiation Hazard Evaluation and Control in Hospitals," p. 893.
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In a markedly contrasting assessment at the same meeting, Herbert Parker, a
health physicist at Hanford, spoke of the postwar period as being the golden age of health

physics. Acknowledging that early radiation protection had been overseen primarily by
members of the medical community, Parker stated: "It was natural that leadership of the
radiation protection programs should pass to a group of scientists (chiefly physicists)
versed in the scientific problems involved and with enough general knowledge of
biological and medical procedures to realize when and how expert assistance was
needed."24

The current medical contribution of any importance was to treat the

occasional person who might have been overexposed to radiation. Though Parker and
Ferlazzo were discussing radiation protection within physical and cultural
contexts--hospital versus industrial plant--their general opening remarks present different

views of which scientific discipline should take the lead in radiation protection.
The discussion of life-shortening effects led the members of the panel to wonder

how much radiation they had received. Warren believed that, though difficult to
estimate, radiologists practicing before the end of World War II had received a
cumulative dose of at least 1 ,000 roentgens. He believed most of them now stuck to the
permissible dose limits. Several of the members mentioned other ways in which those in

medical practice received high exposures: nurses in children's hospitals holding the
patient for the radiologist, medical students huddled around fluoroscopes to study the
picture. Henry Kaplan, professor of radiology at Stanford, characterized what he thought
was the typical view towards radiation exposure in radiology:

Herbert M. Parker, "Radiation Protection in the Atomic Energy Industry: A Ten-Year Review,"
Radiology, 65:6 (1955), pp. 903-911, p. 903; Erik Ellis,""
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I think it is fair to say that radiologists as a group are still not willing to face the
facts on this. I am not pointing a finger at anyone else because I am afraid
this applies to me as well. I think all of us get the notion that it just can't
be as dangerous as we know it really is. The result is that in most
departments radiation protection is not as carefully monitored as it ought
to be. ..We, exposed to higher levels of radiation, are much more sloppy
about how much we are getting in the first place...

Kaplan's admission cast some doubt on the reliability of Warren's belief that most
radiologists now adhered to the permissible dose recommendations. Practically all of the
members of the Pathology Panel had come of age professionally in the prewar era and had

been instilled with the idea that radiation posed some dangers but was not that dangerous

in the hands of a skilled practitioner.
The panel found Eugene Cronkite's presentation of the results showing that there
was an increase in leukemia in the Hiroshima and Nagasaki survivors even more puzzling

and disturbing than the life-shortening data. Perhaps the most troublesome aspect of the
Japanese data was that it appeared that the dose-effect curve was linear with no-threshold.
At the outset, Cronkite reported that the subcommittee on hematological effects had come

to general unanimity that the belief of a threshold dose for any particular radiation
response was open to question, particularly with regard to hematological effects.
Cronkite suggested that the threshold concept might reflect the use of methods which
were not sensitive enough to detect small effects. Statistical analyses of larger and larger
populations seemed to push the perceived threshold dose ever closer to zero. He advised
the rest of the panel that they should probably qualify any mention of a threshold with
scare quotes or some statement that there might or might not be a threshold.26

Transcript of the BEAR Pathology Committee Meeting, 22-23 January 1956, vol. 3, p. 114.
26Tranipt of the BEAR Pathology Committee Meeting, 22-23 January 1956, vol. 3, p. 30.
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Cronkite's doubts about the existence of a threshold for hematological effects
were based on his experiences in interpreting the Japanese data. Though Cronkite
confessed confusion at some of the statistical aspects of the analysis, he believed that the
data seemed to show a significant increase in leukemia down to levels where there was
practically no detectable radiation and that a linear relationship between dose and effect
looked good. Furth suggested that perhaps some of those in the very low exposure range

had come into contact with fallout, possibly increasing their dose of radiation. Warren
informed him that the Hiroshima bomb (on which most of the data were based) was an air

burst that had caused no fallout. Cronkite also raised questions about the reliability of the
data because some of the leukemic and other survivors at the low dose range, greater than

2,500 meters from ground zero, had been reported as showing signs of possible radiation
sickness, such as epilation. Unable to believe that there could be any clinically detectable
radiation injury at that dose range (lOOr or less), Cronkite suggested that there might be

something fishy, such as those individuals being falsely reported as being in that range
and actually having been

closer.27

Shields Warren threw cold water on this hypothesis.

He noted that most Japanese had poor or no dental care in the last years of the war and it
was difficult to distinguish bleeding of the gums due to lack of dental hygiene from

similar bleeding that was symptomatic of radiation injury. In addition, some of the
epilation was likely due to flash burns, not radiation. In any event Cronkite had already
realized that even with the removal of all cases that might have any symptoms referable to

27lranscript of the BEAR Pathology Committee Meeting, 22-23 January 1956, vol. 3, pp. 37-43.
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radiation, the dose-effect curve was still linear without a threshold. He commented,
"This is the part which is very disturbing."28 Warren agreed.
In light of the Japanese results, the panel believed that it was important to find
other groups of exposed people to study and to convince researchers to undertake such

studies. Louis Hempelmann, Professor of Experimental Radiology at the University of
Rochester, expressed his frustrations with trying to undertake such studies. He
commented that most physicians neither knew how to go about such a study nor had any
interest in it. He hoped for funding from the Public Health Service, but a colleague of his
had already been turned down for a grant to conduct a follow-up study on children who

had been irradiated for an enlarged thymus. Hempelmann himself had managed to get a
few such studies underway. He had found one situation in Pittsburgh where, from
1937-1946, two physicians had screened all children born at the Pittsburgh General
Hospital for thymic enlargement and treated those that they found with radiation. After a
few years, when it appeared that the treated children were doing better than the
non-treated, they irradiated 1,400 nonnal children with doses of 150 r and 75 r.29 He had

two other studies underway of 4,000 children treated at the Buffalo Children's Hospital
and another 2,000 treated at Massachusetts Eye and Ear. Radiation treatment for children

considered to have enlarged thymuses was quite common. In the Chicago area, an
estimated 70,000 children had undergone such treatment in the 1940s and

1950s.3°

28TranSCnpt of the BEAR Pathology Committee Meeting, 22-23 January 1956, vol. 3, p. 45.
29
of the BEAR Pathology Committee Meeting, 22-23 January 1956, vol. 3, pp. 52-53.
30Patrick J. Fitzgerald, From Demon and Evil Spirits to Cancer Genes: The Development of Concepts
Concerning the Causes of Cancer and Carcinogenesis, (),p. 105. According to Fitzgerald, the size of a
supposedly normal thymus had been determined from the thymuses of children autopsied in hospitals.
Unbeknownst at the time, many diseases, particularly chronic ones caused the thymus to atrophy. As a
result, many children with normal thymuses were diagnosed as having enlarged thymuses. Physicians
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As Hempelmann said, there was a wealth of material for studies of people who

had received large medical exposures of radiation. A member of Cronkite's
subcommittee had alerted him to one exposed population about which neither he nor any

of the other panel members had known. The subcommittee member had reported that a
few years previously pediatricians in the Seattle, Washington area had routinely placed
newborns on fluoroscopes and, over many minutes, pointed out the various internal

organs to the mothers, eliciting gleeful amazement. The subcommittee member, who
believed most pediatricians had stopped such practices, estimated that some children had

received between 50 r and 150 r shortly after birth. When someone asked about the
accuracy of the dose estimates, Cronkite dryly interjected, "You could pretty well know
in the case of a baby lying on top of a fluoroscope."31 While the practice elicited universal

disapproval, the panel agreed that it provided excellent material for a study of radiation

effects. Kaplan added that they should study the incidence of leukemia in the
pediatricians as well. He surmised that if they had been foolish enough to fluoroscope the

infants for substantial periods of time, they had probably not been intelligent enough to

protect themselves from radiation during the demonstration. The wealth of material
available for dose-effect studies shows why geneticists such as Muller were so concerned

with convincing physicians of the genetic hazards of radiation.
Though there did not seem to be a threshold for leukemia and life-shortening, the
panel generally accepted a threshold for most forms of somatic radiation effects,

including most cancers. Brues was particularly outspoken about the existence of a

worried that an enlarged thymus might increase the risk of pulmonary disease by obstructing the pulmonary
tract.
31
Transcript of the BEAR Pathology Committee Meeting, 22-23 January 1956, vol. 3, p. 49.
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threshold for cancer induction. Experimental work on non-leukemic cancers at
Argonne seemed to provide evidence for a threshold. He reported that the subcommittee
on internal emitters had little hesitation in recommending that the radiation dose
permitted to the skeleton be doubled.32 Most of the internal emitter work done at
Argonne related to skeletal effects, such as bone cancers, as both strontium-90 and

radium were bone-seeking radionuclides. Some of the most heated and unresolved
discussions of the Pathology Panel concerned carcinogenesis. Many of the members
believed that cancer was caused by indirect mechanisms. Some of the evidence that they
believed favored indirect causation was the long latency period between exposure to a
carcinogen and the appearance of a tumor, as well as experimental evidence which
seemed to shown that some post-exposure treatments, such as hormone therapy, could

prevent tumor occurrence.33 They viewed postulated direct mechanisms, primarily
somatic mutation, as incompatible with such evidence. During a heated debate at the first

Pathology Panel meeting over the very use of the words "direct" and "indirect" when
discussing carciriogenesis, Brues cut to the chase: "I think what we are thinking of in
terms of direct effect is the hypothetical somatic mutations which I don't necessarily
believe in."34 A minority of the panel, primarily Jacob Furth, argued that somatic
mutations might play some role in at least some cancers. In response to Brues he
suggested that in some cases somatic mutations might have indirect causes, i.e., radiation
might cause changes in the tissue or cell which would eventually cause a mutation, rather

than the mutation being caused by the direct effect of the radiation on a gene. Furth also
32Transcript of the BEAR Pathology Conmiittee Meeting, 22-23 January 1956, vol. 3, Pp. 166-167.
Transcript of the BEAR Pathology Committee Meeting, 22-23 January 1956, vol. 3, pp. 232-233,
256-257.
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suggested that the initial event in carcinogenesis might be a somatic mutation, but that

the development of cancer then required another event or series of

events.35

However,

Furth did not suggest that all cancers were due to somatic mutation nor did he directly
question the existence of a threshold for most cancers.

Genetic Considerations
The Pathology Panel also briefly discussed the possible genetic effects of
radiation. At the end of the deliberations on the life-shortening effect found in studies of
radiologists, Hicks mentioned that he had heard about, but not read, a recent paper that
purported to show that the children of radiologists exhibited a higher incidence of birth
defects. He asked if others had read the papers and thought it significant. Shields Warren

had seen it and admitted to being a little worried about the figures. The paper stated that
the percent of birth defects among the children was 5.99 percent, while among those of

other physicians it was 4.84 percent. Warren's value for the control population itself
seemed rather high. He based his impression on his recollection that, of the doctors he
knew with children, there did not seem to be that many with congenital abnormalities.
Kaplan stated that he did not study the paper in detail and was unconvinced by it. A brief
discussion ensued on whether the purported effect might be physiological in nature, such

as the increased occurrence of mongolism (Down's syndrome) in children born to older

women. Hicks decided that the paper did not sound significant.36 Warren agreed,

34Transcript of the BEAR Pathology Committee Meeting, 18-20 December 1955, National Academy of
Sciences Archives, ADM: ORG: NAS: Corns on BEAR: Pathologic: Meetings: Transcript: Dec., p. 94.
"
Transcript of the BEAR Pathology Committee Meeting, 18-20 December 1955, pp. 93-95.
36TranSipt of the BEAR Pathology Committee Meeting, 22-23 January 1956, vol. 3, pp. 117-119.
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essentially ending the discussion with the opinion that, "Offhand, it doesn't sound like
a significant variation."37

The rather breezy dismissal of the paper by the panel included two suggested

reasons for dismissing the study which were not unique to the members. The suggestion
that the increased incidence of abnormalities was physiological rather than genetic had

recently been publicly expressed by Theodore Ingalls of the Harvard Department of
Public Health. Three days after the second Pathology Panel meeting, Alan Gregg, a
physician and the Vice-President of the Rockefeller Foundation, wrote to Bugher, calling

his attention to the recent Harvard news service release about Ingalls' work. Ingalls'
basic thesis was that congenital abnormalities were not due to genetic mutations but to

physical injuries and stresses to women during pregnancy. Gregg believed it would be
very valuable to further explore Ingalls' line of research "because inferences can and will
be loosely made regarding the effects of radio-active fall out, which will be all too readily

assumed to be the cause of various defects of new born children."38 Ingalls allowed for

the role of genetics in the inheritance of what he termed the "species strain" and the
family constitution; however, he asserted that the origins of congenital defects were open

to question. Defending his discipline, he stated: "Assumption that the congenital
disorders are determined by a combination of genes.. .would mean the ignoring of
medicine itself."39 Based on a study of mothers who gave birth to mongoloid children and
a group of controls, Ingalls and his co-workers believed they found evidence that mothers

giving birth to the mongoloids had suffered intrauterine stress in their first trimester.
37Transcript of the BEAR Pathology Committee Meeting, 22-23 January 1956, vol. 3, p. 119.
38
Alan Gregg to John Bugher, 25 January 1956, Rockefeller Center Archives, Bugher Papers, series 1, box
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Ingalls claimed that he was motivated to speak out because of the millions of dollars
spent in a fruitless search for evidence of genetic mutation in the Hiroshima and Nagasaki
survivors

obviously, that money could have been spent on more promising lines of

research. In Ingalls' opinion, any malformations that occurred in the children born to the
survivors was probably due to the trauma induced by the explosion itself. Roughly two
years later, Curt Stern wrote a sharply critical letter to the Board of Editors of Scientific

American about a favorable article that they had published on Ingalls' work.4°
Warren's use of his casual observation that he had not noticed many congenital
abnormalities in the children of physicians he knew, as support for believing the control
figure was too high was not an uncommon tactic among physicians who sought to

minimize genetic effects. A classic example is a paper by the physician Ira Kaplan. The
paper was based upon the opening talk Kaplan gave at the 1953 meeting of the New York

Obstetrical Society, at which Muller gave the closing talk. His and Kaplan's papers were
published together in the American Journal of Obstetrics and Gynecology. Muller began

his talk, "Damage to Posterity Caused by Irradiation of the Gonads," by recalling that in
1928 he had been invited to present a talk on this subject by the Texas chapter of the
Radiological Society, but that his invitation had been cancelled just prior to the meeting.
He attributed the cancellation to the Society's preference for ignorance over controversy,
and he asserted that the only reason the subject was currently controversial in some

circles was because of continued ignorance. One passage in Muller's talk clearly evoked

39Alan Gregg to John Bugher, 25 January 1956, enclosure, Harvard University News Release, Afternoon
apers of Friday, December 2, 1955, p. 1.
Curt Stern to Board of Editors, Scientific American, Inc., 10 October 1957, American Philosophical
Society Library, Stern Papers, correspondence, box, HIC-JEP, folder: Ingalls, Theodore H.
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not only the prewar rhetoric of genetics, but also the different methods by which
geneticists and medical professionals viewed the natural world:

No doubt those not familiar with genetics will experience a feeling of
unreality in dealing with these concepts of damage which cannot be
demonstrated with a stethoscope, bacteriological culture, or even x-ray
photograph, and which leaves its victims apparently hale and hearty.
However, the principles of genetics are, in their way, as well established
as those of chemistry and physics, and it is no more justifiable to doubt its
conclusions regarding the existence and frequency of mutant genes, just
because we cannot directly demonstrate the effects of the individual genes
in mixed populations, than to doubt the existence of compounds of given
composition, or of atoms and electrons, just because they are so small as to
be invisible. For each kind of case, the right kind of controlled setup is
necessary for revealing them.4
One of the major aims, if not the major aim, of Muller's paper was to show the physicians

that data reported by the ABCC Genetics Study was irrelevant to the question of whether
irradiation of the gonads produced genetic effects in humans.

Kaplan's talk was essentially a rebuttal of Muller

presented before Muller's

presentation at the meeting, but following his paper in the journal. Kaplan's had
collected case studies of women whose ovaries and pituitary he had irradiated for

treatment of sterility. At the opening of his talk, he said that follow-up observations of
their offspring had not assumed importance until a 1950 pronouncement by Muller that
dire consequences for future generations would result from genetic injury caused by

irradiation. Kaplan's research consisted of tracking down the 660 women he had treated
with x-rays for sterility from 1924 to 1953. He successfully traced 441 of the patients.
They had 347 apparently normal children and these children to date had fourteen children

of their own, all of whom were also apparently normal. In Kaplan's view, any genetic

41

Hermann Muller, "Damage to Posterity Caused by Irradiation of the Gonads," American Journal of
Obstetrics and Gynecology, 67:3 (1954), pp., 467-483, p. 477.
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hazards derived by Muller from fruit fly experiments could not properly be

extrapolated to humans. Not only was there no demonstrated evidence of genetic injury
in the offspring of women properly irradiated for therapeutic purposes, he stated, but
there were also no reports of such injury in the Hiroshima and Nagasaki survivors, who

had received far greater doses than those receiving medical x-ray treatment. To support

his position he described seventeen case studies. He concluded: "The results, therefore,
indicate that irradiation, when properly used, is harmless to the treated woman and to her

progeny's offspring.

,,42

Such a case study approach to genetic research had, of course, no validity in the

eyes of geneticists. Robert Rugh, a radiobiologist who was at the meeting, wrote a letter
to the editors of the journal in response to Kaplan's article strongly supporting Muller's
view and noting that arguments such as Kaplan's were frequently used by obstetricians
who offered such treatments.43 One of the physicians at the meeting whose comments

were reported in a discussion section after Muller's article admitted that Muller's

predictions worried him, but took comfort in Kaplan's finding. Two other physicians
went on record saying that they believed Muller. One asserted that because of
geneticists' experimental results, he only irradiated the pituitary in sterility treatments,
but got disappointing results. He also showed how unfamiliar with genetics some

42fra 1. Kaplan, "Third Generation Follow-up of Women Treated by X-ray Therapy for Menstrual
Dysfunction and Sterility Twenty-eight Years Ago, with Detailed Histories of the Grandchildren Born to
these Women," American Journal of Obstetrics and Gynecology, 67:3 (1954), pp., 494-490, p. 490. It is
interesting to note that Kaplan stated that in 1924, when he and other obstetricians began to use x-rays to
treat sterility, the rationale was that since large doses of x-rays produced sterility, small doses
might well have a stimulating effect that would induce fertility. He admitted that the idea of the
stimulating effect was no longer tenable. Kaplan could not offer an explanation of why the x-ray treatment
worked; clinical experience simply showed that it did.
43Roberts Rugh, "Genetic Dangers Inherent in Ovarian Radiation," American Journal of Obstetrics and
Gynecology, 68:2 (1954), pp., 730-73 1.
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physicians were

even those who had heard and accepted geneticists'

pronouncements. He stated that, as he understood it, spontaneous mutations were
beneficial and induced mutations were detrimental. Doubtless, the members of the
Pathology Panel had a greater understanding of the possible genetic effects of radiation
than many of the physicians at the Obstetrics Society meeting. Yet the panel members
comments on the paper on congenital abnormalities in the offspring of radiologists, as
well as their easy dismissal of it, show a similar attitude and viewpoint.
The deliberations of the Pathology Panel seemed to go much more smoothly than
those of the Genetics Panel, despite a few flare-ups in discussions about carcinogenesis.
Toward the end of the January 1956 meeting, Brues, a little embarrassed, asked if it was
okay that his subcommittee had expressed general agreement on certain body burdens
and exposure levels. He wanted to know if this consideration of permissible levels was a
proper function of the subcommittee and if it was okay to refer their opinions to the

Pathology Panel for consideration. There were no objections from the panel to this
idea.

However, in its final report, the panel would propose only one specific

permissible dose level. They stated that they had no hesitation in allowing one tenth of
the occupational permissible body burden for strontium-90 for the world population,
which would yield 20 rep to a person in a lifetime since 20 rep was close to natural
background radiation levels.45 This recommendation was based on the common practice

of the NCRP to reduce permissible exposures for large population to one tenth of the

doubling dose. In all other areas, the Pathology Panel report tacitly supported current

Transcript of the BEAR Pathology Committee Meeting, 22-23 January 1956, vol. 3, p. 274.
National Academy of Sciences-National Research Council, The Biological Effects of Atomic Radiation,
Summary Reports, (Washington, D.C.: National Academy of Sciences, 1956), p. 39.
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permissible levels. Overall, the Pathology Panel discussions showed an emphasis on
detectable clinical effects. The evidence for effects that seemed linear, such as leukemia,
was probed for weaknesses by raising questions about whether the clinical diagnoses of

the leukemias had been correct. Though members of the panel certainly used statistical
analyses, they did so warily at times and still showed an affinity for the clinical view.

The Final Genetics Report Draft
Unlike the Pathology Panel, the Genetics Panel hotly debated aspects of its final
report until only days before its 12 June release. The aspect that has received the greatest

attention from historians is the classical/balance dispute. Generally supporting the
balance point of view, Wright continued to write lengthy letters disagreeing with the use
of the concept of genetic death to define genetic damage and emphasizing the different
costs to the individual and society of different mutations. In a last minute flurry of letters

and phone calls, both Muller and Wright agreed to sign off on the

report.46

At the

beginning of the second meeting of the Genetics Panel, Sturtevant had commented that
they should leave open the possibility of including a minority view in the

report.47

To a

degree, this was done with some qualifying paragraphs in the body of the report;
however, Weaver pushed for unanimity, almost to the point of insisting on it. Weaver
certainly did not strong-arm any of the participants into agreeing with the final report. He

told them that it was their duty to express any serious concerns with the draft and, that if
there were serious concerns, another meeting would be required.

46
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'' James
Abridged Transcript of the Second Meeting of the BEAR Genetic Panel, 5-6 February 1956, p. 2.

397

The importance of unanimity lay in its importance for the public impact of the

report. Weaver's strong concern during the drafting of the final report was that it play
well in public. This, in part, was one of the problems with Wright's suggested approach
to describing genetic damage. His suggested changes to the report were lengthy
explanations of population equilibrium, threshold phenomena for different population
effects, and different classes and subclasses of harmful mutations.48 Never known for

clarity of style, Wright's presentation, with innumerable qualifications, would not likely
have been easily digested by the public or the press. Even before Wright's last round of
suggestions, Weaver had written to the panel hoping that they could agree on the draft
because he felt that they could not complicate the report with any more qualifications and
still have it retain its

impact.49

In a final "approvedisapprove" checklist of possible

changes to the final draft, Weaver gave his reasons for believing that the panel should not

include Wright's discussion of the variety of different classes of harmful mutations: "It is
my own view that this report cannot sustain that degree of detail; and that we are not
misleading the public by omitting it."50 Eleven members agreed with Weaver that

Wright's additions should be omitted with four voting for their inclusion.5'
At the heart of the debate over how to define genetic damage was the issue of the

scientist's responsibilities, both to science and society. In a letter to Sir Harold
Himsworth, the Chair of the Genetics Panel for the British committee on the biological
effects of radiation, Weaver addressed the issue of defining the damage and

recommending a permissible limit: "The geneticists do not escape their social duty by
48Sewall Wright to Warren Weaver, 22 May 1956, Caltech Archives, Beadle Papers, box 17, folder 17.2.
49Warren Weaver to Genetics Panel, 3 April 1956, American Philosophical Society Library, Neel Papers,
committees, NAS.
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standing mute

for that decision leads to consequences, just as clearly as does a

decision to face the difficulties and give as much help as possible."52 The British Genetics

Panel, though it came to many of the same general conclusions as the NAS Panel, was

significantly more conservative in what it included in its report. The British Panel had a
much larger representation of human and medical geneticists. Its estimations of genetic
damage rested on the frequency of known inheritable human disorders, estimating their
current frequency in the population and providing a range for the doubling dose of

radiation (which generally agreed with that of the BEAR Committee). Himsworth had
been startled to learn that the U. S. Committee was prepared to make recommendations
on the permissible dose, feeling that any specific figure was vulnerable to

misinterpretation. Weaver questioned whether the British approach served to guide
society to wise courses of action.53
Unsurprisingly, Neel was much more sympathetic to the British position.
Responding to Weaver's statement to Himsworth about the social duties of the geneticist,

Neel held that in some cases it took more courage to stand mute and not join the crowd.
He believed that any attempts to quantify genetic damage were necessarily so tenuous as

to be misleading rather than instructive. He continued:
The geneticist has social responsibilities, but he also has responsibilities
as a scientist. One is that in an area as critical as this one is, he must
beware of letting his conjectures get too far in advance of his facts. It is to
me an exceedingly tenable position, having stated the general genetic
argument, to say flatly that we know so little about the quantitative aspects
° Warren Weaver to Genetics Panel, 29 May 1956, Caltech Archives, Beadle Papers, box 17, folder 17.2.
51
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of the problem that as good scientists we can only recommend that a major
effort be thrown in that direction.54
Neel asked to be specifically disassociated from any part of the report that attempted a

quantitative treatment of the problem or recommended a permissible dose. Neel's
position rested at least partly on his confidence in how much geneticists actually knew
about the genetic effects of mutation, but also on his estimation of how a good scientist
acted or, perhaps, did not act. Whatever the social needs or desires for scientific advice, a

certain threshold of information had to be reached for the good scientist to offer advice.
Russell was as opposed to Neel regarding the question of recommending a
permissible dose as Muller was to Wright on the question of how to discuss genetic
damage. In the span of two days, Russell fired off three letters to the panel concerning the

setting of a permissible dose. Earlier letters of Wright and Sturtevant

in which Wright

had said he thought 10 r might be too high and in which Sturtevant had implied agreement

with him had caused Russell to worry that perhaps there was still some disagreement on
permissible dose levels.55 In Russell's view, everything else regarding the final report

was subsidiary to reaching a firm and unanimous decision on the permissible dose. He
found Neel's position most troublesome:
With regard to the unwillingness of one member of the Panel to sign any
report which contains permissible doses, I hope he will come around to
regarding this as an untenable viewpoint for the following reason.
Membership on the Panel implies acceptance of the responsibility to
consider genetic hazards in man. People are being exposed to radiation
and there is in force a permissible dose regulation at the present time. To
my mind, if this regulation is not changed by a member of the Panel who

James Neel to Warren Weaver, 17 April 1956, American Philosophical Society Library, Neel Papers,
committees, NAS.
William Russell to Genetic Panel, 13 April 1956, Caltech Archives, Beadle Papers, box 17, folder 17.2.

has accepted the above responsibility, he is in effect accepting the present
regulation.56

In Russell's view, Neel had forfeited his right not to at least tacitly endorse some
permissible level when he joined the panel. Membership on the Panel carried the
responsibility to speak out as a scientist however uncertain the scientific basis. Russell
was certainly under no illusions about the paucity of information. He had not even used
his own mutation rate data for his calculations.
Though Russell agreed that it was important to set a population dose, he felt the

greatest urgency in coming to a firm conclusion on the occupational dose. In terms of
population effects, it seemed to him to make little difference in the immediate future
whether the population dose was set at 9 r, 10 r, or 11 r. He did not believe the population

limit would have any impact on the agencies currently in charge of weapons testing,
radioactive waste disposal, etc., because it would take some time before they could
reliably gauge the doses resulting from these activities and, likewise, to measure the

average dose the population received. However, the occupational dose limit would have
an immediate effect on industrial plans. (An example is Hardin Jones' brief discussion of
the likely reduction of the permissible dose in Britain mentioned earlier.) Russell worried

that if they set a limit of 100 r and later revised it to 50 r "we might throw a real
monkey-wrench in our industrial

development."57

Preferring to revise upwards rather

than downwards in the future, Russell favored a 50 r occupational limit. Russell believed
that the panel was about to take a revolutionary step in industrial hygiene and public

health. He compared the step they were about to take to a British Act in 1901 that made
Russell to Genetic Panel, 13 April 1956, Caltech Archives, Beadle Papers, box 17, folder 17.2.
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industrial poisoning a notifiable disease. Previously, only accidents had been
notifiable. Russell thought that the panel was introducing an entirely new concept in
regulation.58

Though much of the debate within the panel concerned scientific issues such as
theoretical models of population structure and what scientifically valid conclusions could

be drawn from the data, a fundamental, if not the fundamental, debate was over their
responsibilities as scientists. The geneticists on the panel were unified in their belief that
the genetic effects of radiation should be brought to the attention of the policy-making
bodies and the public. Even Neel, who described his stand against quantification as loyal

opposition, agreed that some public statement was warranted. Much like their unity on
the fundamental principles of radiation genetics and their disunity on the actual working
out of these principles in natural populations, the geneticists of the panel came to different

conclusions on how they should speak out. Their preoccupation with the public nature of
their report was unique among the BEAR Committees and the final report of the BEAR
Committee would be associated in the minds of the public with the section on genetics.

What about Fallout?
The BEAR Committee was formed in response to public fears about fallout,
concerns that some geneticists played a leading role in evoking. Yet the subject of fallout

was hardly discussed by the Genetics Panel. In many ways, worldwide fallout was more
William Russell to Genetic Panel, "Further points to consider in arriving at dose recommendations," 14
April 1956, Caltech Archives, Beadle Papers, box 17, folder 17.2.
58William Russell to Genetic Panel, "Importance of reaching a decision on accumulated dose limits," 14
April 1956, Caltech Archives, Beadle Papers, box 17, folder 17.2. The Caltech geneticist Ed Lewis
believes that Russell was an advocate of nuclear power, in part because he was disturbed by the destructive

of an opportunity for geneticists than a problem. The final report of the Genetics
Panel, completed in early June 1956, contained three short discussions of fallout. The
first described how much radiation people were probably receiving from
fallout--estimated at one tenth of a roentgen in thirty years if testing continued at the same

pace. The second mention, in its own small subsection, stated that any additional amount
of radiation was genetically undesirable and that the dose from fallout to date was small
compared to background radiation or the average person's exposure to medical radiation.
The third mention stated that fallout had subjected people to considerably less radiation
than medical uses of radiation, but that care should be taken that fallout did not increase to

potentially serious levels.59 Though all geneticists on the Panel preferred to keep
additional radiation exposure as low as possible, none explicitly cited fallout as a reason
to stop weapons tests. For the geneticists, fallout was an opportunity to educate the public
about the importance of genetics and the human genetic heritage. For some of them, such

as Muller, it was also an opportunity to educate the medical profession.
In the numerous letters circulated by geneticists regarding the drafts of the report,

only Sturtevant had much to say about the sections on fallout. In one draft of the report,
the last section on fallout read:
As to fall-out from weapons testing, we fortunately do not need to worry
greatly about what we have received or are receiving. To date this
exposure has not used up any serious fraction of the proposed quota of
10 r. The proper concern is to see that it does not increase to more serious
levels.60

effects of strip mining for coal and wanted different sources of power to be developed; interview with
author.
59National Academy of Sciences-National Research Council, The Biological Effects of Atomic Radiation,
Summary Reports, (Washington, D.C.: National Academy of Sciences, 1956), pp. 2 1-22, 27, 30.
60
"Report of the Genetics Panel of the National Academy of Sciences Study of the Biological Effects of
Atomic Radiation," 1 April 1956 draft, Caltech Archives, Beadle Papers, box 17, folder 17.2.
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Sturtevant complained that portions of this statement could too easily be taken out of
context by the press. In particular, he worried that outside the context of the whole report,

it could be taken to mean that they thought fallout was of no consequence. He suggested
a rewrite that would reduce the probability that someone could draw that conclusion.61
The revised section said that fallout was less than the average dose from medical uses. Of

the panel members, Sturtevant seemed to have the strongest feelings about weapons

testing. Though in his initial foray into the fallout debate, "Social Implications of the
Genetics of Man," he stated the benefits must be weighed against the risks, he was for a

test ban. In early 1957, he told Warren Weaver that he was disappointed in Weaver's
recent Congressional testimony indicating that he thought testing should continue.
Sturtevant believed that he should have at least added that every possibility for a test ban
should be

explored.62

During the 1956 presidential campaign, Sturtevant publicly

opposed hydrogen bomb tests in support of the Stevenson-Kefauver Campaign
Committee.63

In general, it seems that all the geneticists for whom I have found public or private

statements on tests were either against testing or leaned towards the cessation of tests,

regardless of their views on the classicallbalance controversy or the quantification of
genetic damage. In their 1959 book, Radiation, Genes, and Man, Wallace and
Dobzhansky stated that they believed weapons testing should stop. They added that their
opposition to testing was not based solely on the genetic damage it caused, but also
because they were against the arms race in general, for every arms race that they knew of
61

Alfred Sturtevant to Warren Weaver, 9 April 1956, American Philosophical Society Library, Neel
Papers, committees, NAS.
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had ended in war.M In 1963, James Neel stated that he was a firm believer in the
cessation of testing, but abhorred the use of predictions of the magnitude of genetic injury

to scare the public about fallout.65 In a 1959 Scientific American article, George Beadle,

after asking, rhetorically, what the citizen should conclude about ionizing radiation,
answered:

As to fallout from nuclear weapons tests, the citizen will conclude that it
contributes in a small way to world-wide levels of radiation. For this
reason alone the tests should be discontinued, or conducted in such a way
as not to lead to atmospheric contamination. Additionally, as a first
hopeful step toward a final solution of the problem of nuclear war, every
possible effort should be made to discontinue the tests altogether.

Curt Stern was the odd man out. In 1958, he refused a request to lend his name to an
advertisement calling for a test ban. He stated that he did not think a test ban would
effectively lead to disarmament, but would only create a false sense of accomplishment.
Moreover, the current stockpiles of nuclear and conventional weapons were more than

enough to devastate humanity. He replied that if he were to sign such an unrealistic
document, it would be one which declared that absolute sovereignty was a deadly,
outdated concept.67 The reference to sovereignty goes back to Stem's participation in the

62Mfred Sturtevant to Warren Weaver, 22 January 1957, Caltech Archives, Sturtevant Papers, box 11,
folder 11.4.
63
New York Times article, 20 October 1956, Caltech Archives, Sturtevant Papers, box 13, folder 13.6.
64Bmce Wallace and Theodosius Dobzhansky, Radiation, Genes, and Man, (New York: Holt, Reinhart
and Winston, 1959), p. 188.
65
James Neel, Changing Perspectives on the Genetic Effects of Radiation, (Springfield, IL: Charles C.
Thomas, Publisher, 1963), p. 76.
George Beadle, "Ionizing Radiation and the Citizen," Scientific American, 201:3 (1959), pp. 219-232, p.
232. [19550516 "Long Range Effects of Atomic Radiation, Abstract of a talk by G. W. Beadle for the
Medical Research Association of California." Estimates a generation of exposure to fallout radiation
would increase genetic changes by 10%--this will not endanger the survival of our species such a danger
would require exposure "...at least a hundred times higher than it is now possibly even much more." "As
a citizen, I believe the security of the free world does justify continued tests with their attendant genetic
hazards." 31, 31.8
67
Curt Stern to Cecil Thomas, Stiles Hall Y. M. C. A., Berkeley, CA, 25 April 1958, American
Philosophical Society Library, Stem Papers, correspondence, box STERN, EVELYN-TWEEDELL,
folder: Thomas, Cecil.
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Atomic Scientists' Movement as a member of the Rochester Association of Scientists.

Taking a cue from MacArthur's advice to "Abolish war as a sovereign right," he had
argued in public speeches that international control of atomic energy demanded that
nations give up some of their sovereignty.68
Given Muller's belief in the concept of genetic death and his outspokenness about

radiation hazards, one might think that he was opposed to weapons testing due to the

genetic damage it would cause. However, as John Beatty has pointed out, before the
suppression of his Geneva paper in 1955, Muller had supported testing as important for

defending against Soviet aggression. Beatty suggests that, at most, Muller was against
testing that might raise radiation levels an unsafe degree.69 Though he apparently never

made a categorical statement against testing, there is some reason to believe that Muller
did eventually come to disagree with testing, or at least lean towards that view. In late
1956, Muller wrote to the Genetics Panel about a draft of Caltech geneticist Edward
Lewis' article on the induction of leukemia by radiation. Muller commented that if Lewis
were anywhere near right, the number of cases of leukemia induced by fallout worldwide

in the next fifty years would be 80,000. Muller commented: "That would seem to me to
be a fairly heavy price to pay for the tests and at least the public ought to know about it."70

A week later, Muller was the subject of a memorandum between staff members of the

Joint Committee on Atomic Energy. One staff member wrote that since Muller was an
outspoken critic of hydrogen bomb testing because of the harmful genetic effects, it was
Stern to Dave, 22 January 1946, American Philosophical Society Library, Stem Papers,
correspondence, box RHO-SCHO, folder: Rochester Assoc. of Scientists; Curt Stem to Dave, 22 January
1946, American Philosophical Society Library, Stern Papers, correspondence, box RHO-SCHO, folder:
Rochester Assoc. of Scientists.
69
John Beatty, "Weighing the Risks," p. 310, note 59.
68C

interesting to see the following quotation from a recent talk by Muller: "It is not the
fallout from these tests that is the important issue at this time [hand underlined], but the
aggravation of war feeling by them."71 The staffer suggested that this

presumably

support for the peace movement, which was often perceived as communist red, or at least

pink - might be the real motivation behind Muller's remarks on genetic injury. The
staffer added that they should keep this in mind when receiving testimony at the

upcoming hearings on fallout. On the other hand, Muller was perceived by some as
strongly against weapons testing. Several months later, Muller discussed his invitation to

testify at the fallout hearing with Hollaender. He told Hollaender that he thought the
emphasis on the genetic damage done by fallout had been far overdone. He continued:
And yet I do not feel like playing it down either because then people might
be misled into thinking that the genetic damage of radiation can in general
be neglected and also that it is justifiable and proper to continue the tests
(which I think there are other grounds for now discontinuing since each
side is already able to wipe out the other and since violation of an
agreement to stop megaton tests could be at once detected by the other
side).72

None of Muller's statements rises to the level of a direct statement against testing, but
taken together they seem to reflect a shift in that direction. For his part, Failla, the
non-geneticist on the Genetics Panel, came out for weapons testing during the 1956
presidential campaign, as did John

Bugher.73

Geneticists' general favoring of a cessation

of weapons testing may reflect a liberal political bias within the profession. Despite the
confluence of their views on testing and their position that all radiation was harmful, very
70Hermann Muller to Genetics Panel, 5 December 1956, American Philosophical Society Library, Neel
Papers, committees, NAS.
Ted Brown to James 1. Ramey, 10 December 1956, NARA I, JCAE, box 309, folder, Fallout, 1956-April
1957.

72Hermann Muller to Alexander Hollaender, 23 May 1957, American Philosophical Society Library
Ilollaender Papers, correspondence, box ICRR-M, folder, Muller #3.
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few of them cited the current genetic damage from fallout as a reason not to test. As
Muller's last comment shows, fallout, by drawing public attention to radiation exposure,
provided geneticists with an opportunity to encourage an awareness of the importance of
genetics.

"12 Scientists Ask Bomb Tests Go On," New York Times, 21 October 1956, p. 58.
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The Impact of the BEAR Report
The 1956 BEAR report was, perhaps, the most significant scientific statement of

the fallout controversy. In retrospectives about the report, James Crow has pointed out
several ways in which the report was significant. It formally stated that genetic damage
should be viewed as a public health hazard. It also put an authoritative scientific stamp on

the linear hypothesis for radiation-induced mutations. The report also helped to establish
the concept of statistical risks to the entire population as the controlling parameter for

public health policy. Previous recommendations by the NCRP and other radiation
protection committees had not included any consideration of the population as a whole.'
They had based their permissible exposure limits on clinically observed somatic injury to

individuals. Perhaps most significantly, the BEAR Committee report formed the basis
for future radiation protection policies. In 1959, Eisenhower placed the responsibility for
determining national radiation protection policy in the hands of the newly created Federal

Radiation Council, which essentially adopted the assumptions of the 1956 BEAR report.2

If the above description of the BEAR report's impact seems to address only the

influence of the report of the Genetics Panel, there is a reason. Upon its release, almost
all public discussion of the BEAR report centered on the Genetics section. That section,
in many ways, became the BEAR report. The BEAR report also had several effects in
addition to those noted by Crow and Divine. Unsurprisingly, the emphasis in the
Genetics section on the uses of radiation in medicine stirred the medical community.

Physicians worried, perhaps not unjustly, that the Genetics section's emphasis on the
James Crow, "Quarreling Geneticists and a Diplomat," p. 462; James Crow, "Concerns for Environmental
Mutagens: Some Personal Reminiscences," Environmental and Molecular Mutagenesis, 14:Suppl. 16
(1989), pp. 7-10, p. 8.

409

no-threshold concept of radiation injury and the dosages received from medical uses
of radiation would create a negative public perception of the use of radiological medicine.

Many physicians, particularly radiologists, vigorously defended the safety and necessity
of the medical use of radiation. However, by forcing physicians to address genetic
considerations, the BEAR report contributed to the growing rapprochement between the
genetics and medical communities.
The geneticist's emphasis on the lack of a threshold for genetic injury also laid the

groundwork for public debate over the existence of a threshold for somatic radiation

injury. The public, used to the AEC's reassurances that fallout levels were too low to
cause injury, reacted with some surprise to the geneticists' contention that any amount of
radiation could be harmful. When Caltech geneticist E.B. Lewis strongly suggested there
might not be a threshold for certain somatic effects in early 1957, less than a year after the

release of the BEAR report, his words found a receptive public audience. The extension
of the no-threshold hypothesis to somatic injury made fallout even more potentially
hazardous, fanning the flames of the controversy over low-level radiation effects both in
public and within the scientific community.

The BEAR report spurred the public discussion of radiation hazards and
influenced the direction of research on the biological effects of radiation. The very nature

of the report, an authoritative public statement on radiation effects, contributed not only
directly to public discussion of radiation hazards through press coverage its release, but

also indirectly. By providing an authoritative and concise summary of current scientific
knowledge of the biological effects of radiation, the BEAR report became an important

2Divine, Blowing on the Wind, pp. 278, 318-319.
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resource on which scientists not involved in radiation research could base their
opinions about fallout and other radiation hazards. This may be one reason why the AEC
preferred that fallout related information be published in scientific papers spread
throughout specialized journals rather than in a single, unified

report.3

With its

implications for policy, public debate, and scientific research regarding radiation effects,
the BEAR report was one of the watershed documents of the fallout controversy.

The Release of the BEAR Report
Of all the subconimittee reports included in the BEAR report, the section on
genetic effects was by far the longest and the most geared towards public consumption.
In part, its length was due to the necessity of explaining the science of genetics to the

public before discussing the genetic effects of radiation. During the drafting process,
Tracy Sonneborn had gone so far as to convene a focus group of non-scientists in order to

gauge their reactions to a draft so that the panel could tailor the wording to the educated
lay

public.4

After reading the BEAR report, Charles Dunham stated that he "was a little

appalled at some of the reports of the almost going overboard attitude of those
responsible to give them for lay consumption."5 The Genetics section was undoubtedly
one of the reports to which Dunham was referring. One example of the colloquial style in

the Genetics report is its explanation of dominant and recessive genes: If a person

Page 307, note 5.
' Tracy Sonnebom to Warren Weaver, 26 March 1956, Caltech Archives, Beadle Papers, box 17, folder
17.6. The backgrounds of the twelve people in the focus group included: business, law, the press, the
League of Women Voters, the church, medicine, politics, and academic fields other than the natural
sciences (sociology, literature, and journalism). Obviously, the geneticists were primarily concerned with
the educated public.
Charles Dunham to Willard Libby, 7 June 1956, NARA II, AEC, Libby Papers, box 8, folder NAS
correspondence.
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receives a gene for red hair from each of his parents, then this offspring will have red

hair (and the same holds true for other hair colors). But what would happen if one of the
genes favored red hair while the other gene favored non-red hair:
The answer (husbands and wives will understand this) is that one of the
two usually dominates the situation and gets its way, although (and again
this seems reasonable) the meeker one of the two usually manages to
avoid being completely ignored.6
Though the Genetics report included a great deal of qualification in order to reflect the
general uncertainties of the estimates of effects, as well as the specific differences
between the panel members, it also made strong statements of basic principles,

underlined so that they could not easily be missed. After admitting that geneticists
differed in numerical estimates of the effects, the report immediately stated that they had

"no disagreement as to fundamental conclusions." Regarding the genetic effects of
radiation, the report stated at the outset that "Any radiation is genetically undesirable,

since any radiation induces harmful mutations. Further, all presently available scientific
information leads to the conclusion that the genetic harm is proportional to the total
dose"7

The report made certain to impress upon the reader the unity of geneticists behind

the linear, cumulative, deleterious dictum in a simple, concise manner.
The public attention given to the genetics section was aided by the NAS 'S

determination to disseminate the report to a wide audience. The NAS produced two
versions of the BEAR report. One was a condensed "Report to the Public" which briefly
summarized the longer collection of summary reports. For example, the summary report
of the Genetics Committee (from which the above quotations have been taken) was

6

The Biological Effects of Atomic Radiation (1956), p. 10.
The Biological Effects of Atomic Radiation (1956), p. 23.
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condensed from thirty pages to six pages in the "Report to the Public." The NAS also
released an unabridged version of the report. The Academy printed 65,000 copies of each
and distributed virtually all of them.

Warren Weaver's reply to an inquiry from Sidney G. Roth, Assistant Director for
Research Service, New York University (NYU), provides an indication of strong interest

of the NAS in publicizing the report. Roth had written offering the services of NYU in
disseminating the report. He believed that widespread dissemination of the report was
important because the information it contained should inform how people lived their
daily lives.8 Weaver replied that the NAS, in conjunction with the Rockefeller

Foundation, already had the matter in hand. He told Roth that, within two weeks of its
release, 10,000 to 11,000 copies of the report had already been distributed. In addition,
the NAS was presently sending copies of the report to every public library in the United
States with a cover letter suggesting that, given the current public interest radiation
effects, libraries would doubtless like to call attention to the fact that they had copies by
placing an advertisement to that effect in the local newspaper or library

bulletin.9

Most

copies of the reports went to U.S. Government departments and agencies, libraries and
groups concerned with science education, and industrial firms. The American College of
Radiology received 3,000 copies of the summary report, which was enough for each
member. By early 1957, approximately 60,000 copies of the "Report to the Public" and
55,000 copies of the longer summary reports had been distnbuted.10

Sidney G. Roth to Warren Weaver, 19 June 1956, National Academy of Sciences Archives, ADM: ORG:
NAS: Corns on BEAR: Comments and Inquiries, 1955-1956.
9Warren Weaver to Sidney G. Roth, 25 June 1956, National Academy of Sciences Archives, ADM: ORG:
NAS: Corns on BEAR: Comments and Inquiries, 1955-1956.
'°BEAR Committee Report Distribution, n.d. [Ca. March 1957], National Academy of Sciences Archives,
ADM: ORG: NAS: Corns on BEAR: Meetings: Chairmen of BEAR Corns: Background Data.
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AEC officials were rather nonplussed about the potential impact of the BEAR

report. The AEC had felt little reason to worry about the Pathology Committee's report.
Writing to Strauss well before the release of the report, Dunham had assured him that
with regard to one of the most problematic somatic effects, life shortening, a statement

would probably be made in the BEAR report. However, Dunham noted that the
statement would be formulated under Shields Warren's guidance with the aid of Harry
Blair of the Rochester Atomic Energy Project and thus the statement would be a
considered one and was not likely to go very

far.'1

Indeed, the Pathology report noted that

though the life-shortening effect roughly correlated with the dose of radiation, this had

not been demonstrated at low doses. It also made a point to note that though data
indicated that radiologists did live on average five years less than the general U.S.
population, they may have received doses ranging from "slight" to 1,000

r.12

In general,

the Pathology section cast doubt upon the linear hypothesis as much as possible.
Approximately a week before the release of the BEAR report, Lauriston Taylor,
protecting the status of the NCRP as the authority on radiation protection, scooped the
NAS by publicly stating that the NCRP was planning to lower the permissible exposure
limits. He assured the public that the standards were not being lowered because they had
been set too high previously, but that, given the expected future increases in radiation
exposure from atomic energy, etc. the Committee was simply staying ahead of the game.

Taylor stated that animal experimentation "has now definitely shown that radiation
overexposure not only is capable of producing immediate harm to an individual, but may

"Charles Dunham to Lewis Strauss, 2 March 1956, "Fallout Material Released to the U.S. Public Since
February 15, 1955."
12
The Biological Effects of Atomic Radiation (1956), p. 34.
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also shorten his lifespan and affect his progeny." The NCRP recommended that
individuals up to age thirty not be exposed to more than 50 roentgens, up to age forty, 100

r, and 200r for those forty to sixty. Given that the genetic effects of radiation had a
considerable weight of scientific evidence behind them by the late 1940s, it seems that
what had now been shown was a copy of the BEAR report to the members of the NCRP.

The 50 r limit was the value set for occupational workers by the Genetics Panel, though

the NCRP stood its ground on not recommending a different permissible limit for
radiation workers and the general population.

The end of the Washington Post article reporting the NCRP recommendations
noted that the BEAR report would soon be released. Strauss had clipped the article,
underlining the mention of the BEAR report, and sent it to Libby, asking Libby to discuss

the matter with him at his earliest convenience.'3 Upon receiving the memorandum,
Libby jotted down an amalgam of notes on exposure limits reflecting the
recommendations of both the Genetics Panel and the overlapping ones of the NCRP. His

reply to Strauss only addressed the Genetics section, with the inference that the NCRP

were simply a reaction to that report. He told Strauss: "I think it isn't too bad for us....
They say that testing isn't dangerous in any way, at least at the present rate."14 In a
memorandum to Libby, Dunham agreed. He believed that the release of the BEAR report

would in no way harm the AEC, though some press reports would probably take

statements from the report out of context. He thought that the AEC should have no
problem in stating that it was gratified by the Committee's work. The new permissible
Lewis Strauss to Willard Libby, 4 June 1956, NARA II, AEC, Libby Papers, box 8, folder NAS
correspondence.
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levels were only slightly above the limits for which AEC production plants were

currently engineered. Although it might entail some hardships in re-engineering to
provide a desirable safety margin, it could be done. Regarding the genetics report
specifically, he thought that "the geneticists have done a pretty good job according to
their own light and made a genuine effort not to embarrass the AEC."5 Many in the

medical community would not share the AEC's sanguine attitude toward the release of
the BEAR report.
The NAS announced the release of the BEAR report on 12 June 1956 with a press

conference. The next day, it was front-page news in the New York Times, with three
subheadings under the lead headline:
SCIENTISTS TERM
RADIATION A PERIL TO
FUTURE OF MAN

Even Small Dose Can Prove
Harmful to Descendents of
Victim, Report States
A SAFETY LIMIT IS
URGED

Exposure Check of All

AskedCurb Backed on
Dental and Medical
X-Rays16

As the AEC predicted, the release of the BEAR report did not make fallout front-page
news; however, it did bring the medical uses of radiation into the headlines, as well as

calling attention to the fact that there was no threshold for some radiation effects. In the
14Wjjlard Libby to Lewis Strauss, 6 June 1956, NARA II, AEC, Libby Papers, box 8, folder NAS
correspondence.
Charles Dunham to Willard Libby, 7 June 1956.
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discussion of the BEAR report, the author of the article, Anthony Leviero, stated:
"Overshadowing all others because of its implications for mankind was the report of the
genetics panel." He also reported that the Genetics Panel was shocked and surprised that
almost one-third of their recommended permissible dose level for the population was

already being used up by medical and dental x-rays. Brushing aside the question of
fallout hazards by noting that the Genetics Panel stated that it was the least harmful
source of radiation, Leviero focused on the commercial and medical uses of radiation. He

quoted Weaver from the news conference announcing the release of the BEAR report as
asserting that it was "stupid genetically" to use shoe-fitting fluoroscopes and condemning
obstetricians for using x-rays to show expectant mothers how well-formed internally their
babies

were.17

An article in Ladies' Home Journal also illustrated the primacy of the Genetics

report in the public reaction to the BEAR report. The article began: "Issuance of the
preliminary report of the Genetics Committee of the National Academy of Sciences is
one of the most important events of the year."8 The author of the article found it
remarkable that there was unanimity among the geneticists on the basic question of

whether radiation was harmful to humans. The answer was a unanimous yes--all
overexposure was genetically harmful, with overexposure defined as any exposure that

could conceivably be avoided. The idea that any amount of radiation was genetically
harmful seemed to have the most impact on the public. Edward P. Morgan, on his ABC

16

"Scientists Term Radiation Peril to Future of Man," New York Times, 13 June 1956, p. 1.
"Scientists Term Radiation Peril to Future of Man."
Thompson, "Radioactivity and the Human Race," Ladies' Home Journal (August 1956), pp. 11,
14,p* 11.
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newscast "Edward P. Morgan and the News," emphasized this aspect of the report
with a sense of betrayal:

There had been the misconception that there was a socalled [sic] "safe"
level in exposure to radiation, below which the effects would be harmless.
Now we have it on the authority of some of the most outstanding scientists
in the land that no matter how tiny a dose you get, radiation not only can
harm you but ll your descendents as well.19
Morgan laid much of the responsibility for fostering this misconception at the door of the

AEC for "pooh-poohing" the dangers of radiation and refusing to make the facts public.
The strongly expressed and reported conclusions that any amount of radiation was
harmful, combined with the emphasis on the medical uses of radiation created, an
unsettling climate for many in the medical community.

BEAR-ish on Medical Radiation
Those in the medical community reacted to the fallout from the BEAR report in

several ways. One strategy, particularly among radiologists, was to insist that they had
been aware of all the potential harmful effects of the medical uses of radiation well before

the BEAR report. Radiologists emphasized that in the hands of a trained specialist,
radiation was not unduly harmful and that the possible risks must be weighed against the

great benefits. In comments aimed directly at the Genetics section, they attempted to
qualify the implications of linear, cumulative, deleterious dictum as much as possible.
They also launched an attack on the estimated 3 r average dose to the gonads reported in
the Genetics section, arguing both that the figure was so uncertain that it might well be an

'9Enclosure: "From Edward P. Morgan and the News Monday, June 18, 1956" in Charles Campbell to
Bentley Glass, 19 July 1956, National Academy of Sciences Archives, ADM: PUB Re!: Comments on
Biological Effects of Atomic Radiation.

418

overestimate, as well as that current advances in instrumentation would likely reduce

the dose received in the future. Radiologists and physicians raised particularly strongly

objections to the Genetics Panel's recommendation forthe institution of a system for
keeping exposure records for the populace. Their main argument was that such a system
was practically unfeasible; however, they also emphasized that judgments of radiological
safety must be left in the hands of the individual practitioner. Any attempts to legislate or

administrate radiation protection were vigorously resisted.
Though the genetics section elicited defensive and critical reactions from
members of the medical community, the report did generate an unprecedented amount of

discussion of genetic effects among physicians, however unfavorable. Members of the
Genetics Panel seized the opportunity in initiate an outreach program to educate the
medical community about the genetic hazards of radiation and genetics in general.
Hollaender was particularly active in this regard and organized numerous meetings
between geneticists, radiologists, and other medical professionals on the subject. Though
this upsurge in interest in genetics in medicine was not necessarily primarily due to the

increased public attention to the genetic effects of radiationadvances in human and
molecular genetics certainly contributed--it does seem to correlate roughly with the
public statements by geneticists after the Bravo Shot.
Part of geneticists' interest in reaching out to the medical community was spurred
by the fact that some non-geneticists seemed to have difficulty accepting, or perhaps

understanding, geneticists' conclusions regarding the linearity of the dose-effect
relationship. Shortly after the publication of the BEAR report, Charles Campbell, the
Assistant to the Executive Director of the NAS, wrote to H. L. J. Marshall, the President
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of the Alabama Academy of Sciences. Campbell had noticed that a statement
attributed to Marshall in the Mobile Register, regarding the BEAR report, implied that

there was a threshold for radiation-induced mutationapparently he implied that the
threshold was the lifetime minimum recommended by the panel. Campbell noted that the

Genetics Panel had tried to make the opposite point and enclosed copies of the complete
text of the report.2° Almost six months after the release of the report, Bentley Glass

reported to the Genetics Panel: "I have met continuing doubt from well-informed

biological scientists in regard to the geneticists' assumption that there is no threshold for
mutation."21

Glass believed that the panel might need to prepare a special statement

summarizing the evidence for linearity.

Another case on misinterpretation came from Robert R. Newell of the Stanford

University School of Medicine. In a letter to Science, he described the recommendation
that a complete radiation exposure record be kept for every individual as a "farce." He
asserted that with regard to genetic effects, the individual dose only mattered insofar as it
added to the genetic load of the entire population, which would be a very small influence.

Newell said that a dose several times larger than the recommended limit quoted (he used
the 50 r limit) would be necessary to cause detectable injury in the individual or his
immediate offspring.22 Russell, who would had been the panel member most concerned

20

Charles Campbell to H.L.J. Marshall, 28 June 1956, National Academy of Sciences Archives, ADM:
ORG: NAS: Studies of Biological Effects of Atomic Radiation.
21
Bentley Glass to Genetics Panel, 26 November 1956, Caltech Archives, Beadle Papers, box 33, folder
33.12.
R.R. Newell, "Radiation Damage," Science, 124:3218 (1956), p. 409. Newell's assertion that
perceptible injury to the immediate offspring would require a dose several times as high as the proposed
limit may or may not reflect a belief in a threshold effect. In 1950, he gave a brief outline of the genetic
effects of radiation in which he noted that the effect was linear with dose. He then quoted estimates that
there would be from 0.2 to 1.0 percent genetic injuries per lOOr. Thus, in the Science article he may be
referring to the amount necessary to make it likely that a detectable mutation would be induced; R.R.
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with the genetic effects to the individual's immediate offspring based on the
unexpected data from his mouse experiments, received an advance copy of the Newell's
letter. After extensive correspondence, Russell convinced Newell to withhold
publication of the letter, but it was too late.23
Probably the most common tack taken by physicians in rebutting the warnings of
geneticists was the argument that x-rays were safe in the hands of a skilled practitioner.
In the Sunday supplement, The American Weekly, Dwight H. Murray, President of the
American Medical Association, offered a blanket defense of the general safety of medical

uses of radiation. He assured the American people that ". . .it is pretty firmly established

that X-rays in the hands of skilled medical men are safe." Though one might be at risk if
subjected to the treatment of a careless operator, he stated, most doctors and dentists were

well trained in radiation safety. "Therefore, if you trust your dentist's ability to fill or cap
a tooth," Murray reassured the public, "you probably should be able to trust him in the
matter of X-rays."24 Murray's description of the care taken by most medical practitioners

seems somewhat at odds with the informal discussions of the Pathology Panel on the

subject. Lauriston Taylor allowed some room for doubt about quality of medical
judgment on radiation protection. In announcing the NCRP's impending lowering of the
permissible dose, Taylor offered cold comfort by assuring people that the nation's 3,000

Newell, "Radiology and Radioactivity," in Annual Review of Medicine, vol. 1, Windsor C. Cutting and
Henry W. Newman, eds., (Stanford, CA: Annual reviews, Inc., 1950), PP. 3 17-336.
23
William Russell to George Beadle, 7 September 1956, Caltech Archives, Beadle Papers, box 33, folder
33.11.
24Dwight H. Murray, "Are X-rays Dangerous to YOU?" 6 January 1957, American Philosophical Society
Library, Neel Papers, committees, NAS. Muller, who kept a close eye on articles about radiation protection
in medical journals, sent a copy of this article to the members of the Genetics Panel. It should also be noted
that the Journal of the American Medical Association ran a brief, but relatively neutral and accurate,
editorial summarizing the Genetics Panel's report; "Long-Range Effect of Exposure to Radiation," Journal
of the American Medical Association, 162:5 (1956), p. 475.
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certified radiologists knew what they were doing, while the 15,000 general
practitioners, 15,000 osteopaths and chiropractors, and 65,000 dentists who used x-rays
"were not so well briefed on how much X-raying they could do with safely." Despite
numerous public assurances by radiologists and physicians that the informed judgment of

physicians virtually insured the safety of the patient, the statements do not seem to have
necessarily been an accurate reflection of radiological practice.
Consideration of the genetic effects of radiation was not entirely absent in medical

journals before the BEAR report. In December 1954, the journal Radiology carried an
editorial by Paul C. Swenson, which explicitly addressed the issue of genetic damage
from x-rays. Swenson's editorial was apparently a reaction to a presentation at that year's
meeting of the American Roentgen Ray Society of a study seeming to show that
radiologists had a higher incidence of children with congenital malformations (this is the
study that was rather breezily dismissed later by the members of the Pathology Panel). In

the editorial, Swenson focused on radiological procedures involving pelvic irradiation,

which obviously risked giving high gonadal doses. Swenson contended that only a few
die-hards among radiologists still employed pelvic radiation for anything other than the

necessary treatment of malignant diseases. He repeatedly made the point that pelvic
irradiation, particularly during the childbearing years, should be avoided unless
absolutely necessary. Swenson still asserted the primacy of the physician's judgment in
deciding what procedures and dosages were justified, even with regard to the genetic

issues. However, his comments about genetic injury cast some doubt on how
well-informed physicians were about the genetic effects of radiation, particularly with
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regard to the dose-response relationship. In discussing the possible genetic effects,
Swenson stated:

Because very little is known about the exact amount of ionizing radiation
dosage required to produce genetic effects and, by the same token, the
difficulty of interpreting this in terms of human genetics, we are really still
much in the dark as to the specific amount necessary to produce the effects
in man..."25
Though Swenson was on target with his assessment of the difficulties in determining the
effects of increases in the mutation rate in human populations, his musings on the lack of
knowledge of the amount of radiation needed to produce mutations shows an ignorance

or disbelief in geneticists' views on this issue. Swenson's editorial stands out as one of
the few discussions of the genetic effects of radiation in medical journals before the

release of the BEAR report. Articles on radiation hazards in several other medical
journals before the report did not mention genetic

hazards.26

After the BEAR report medical journals took more note of the potential genetic

injury from radiation. At the 12 June 1956 annual meeting of the American Medical
Association (coincidently, the day that the BEAR report was officially released), I.
Phillips Frohman, the Chairman of the Section on General Practice, briefly noted that
genes were susceptible to radiation injury and that the effects might not be detected in the

first generation. Though he made no mention of the absence of a threshold for such
damage, he did warn that "the actual morphology of our descendents may depend upon

25

Paul C. Swenson, "The Radiation Hazards of Diagnostic Procedures," Radiology, 63:6 (1954), pp.
876-878, p. 877.
26
Vincent W. Archer, "Protection of Personnel During Roentgenological Examinations," American
Journal of Roentgenology, Radium Therapy, and Nuclear Medicine, 74:4 (1955), pp. 667-676; S. Allan
Lough, "Radiological HealthAn Over-All View," American Journal of Public Health, 45 (1955), pp.
1447-1453.
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the vigilance and acuity of physicians practicing

today."27

Even though the threshold

issue was not explicitly addressed, Frohman's statement that the protection of future
generations depended upon the "vigilance and acuity" of the physician, and his emphasis
on the clinical detection of overexposure in other sections of the paper suggest that he had

in mind a threshold for genetic damage. Clinton C. Powell, a specialist in radiologic
health for the Public Health Service, directly stated the linear, cumulative, deleterious
nature of genetic effects in an address at a session of the American Public Health
Association in late 1956. He also mentioned that some somatic effects, namely leukemia
and life shortening, might be non-threshold effects.28 In general, the discussion of the
genetic effects of radiation in medical journals increased measurably after the BEAR
report, often, though not always, giving a reasonably accurate statement of the

conclusions of the Genetics Panelthough several of these article were by biologists
who had been attempting to address the genetic effects of radiation in medical circles
before B EAR.29

Unable to effectively rebut geneticists' claims that any amount of radiation
caused genetic injury, some physicians attempted to soften the blow of the report of the
Genetics Panel by contending that the public received less radiation from medical

procedures than the panel had assumed. Radiologists sharply attacked the Laughlin and
Pullman report on the estimated gonadal dose of radiation currently received by the
27

1. Phillips Frohman, "Role of the General Physician in the Atomic Age," Journal of the American
Medical Association, 162:10 (1956), pp. 962-966, p. 964.
28
Clinton C. Powell, "Medical Aspects of the Control of Radiological Health Problems," American Journal
of Public Health, (1957), pp. 179-183.
29
B.P. Sonnenblick, "Aspects of Genetic and Somatic Risk in Diagnostic Roentgenology," Journal of the
Newark Beth Israel Hospital, 8:2 (1957), pp. 1-14; Roberts Rugh, Review of "X-ray Therapy for
Amenorrhea and Sterility," Fertility and Sterility, 8:4(1957), pp. 380-384; Robert Berman and Benjamin P.
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population.3°

Radiologists became particularly incensed when Laughlin and Pullman

revised their estimate of the gonadal dose from medical uses of radiation upwards shortly

before the planned publication of their report. On 6 May 1957, the Medical News carried
the front-page headline "Medical X-ray Exposure Estimate Raised by NAS." The article

summarized a talk given by Bentley Glass at the annual meeting of the NAS. In his talk,
Glass reported that the soon-to-be-released Laughlin-Pullman report had been revised
since the publication of the BEAR report and that the estimate gonadal dose from medical

uses of radiation was now 4.6 r for the thirty year reproductive period rather than the 3 r
used as basis for the BEAR report. This represented approximately a 70% increase in the
estimate and medical uses of radiation were now estimated to account for almost one-half

of the Genetics Panel's 10 r recommendation. The estimated dose from background
radiation had been reduced to 3 r, while the total contribution from fallout remained at 0.1

r. Glass, speaking on behalf of the Genetics Panel, urged that the medical profession
renew its efforts to reduce exposure and again called for the implementation of a system

for keeping track of individuals' accumulated radiation exposure.
The Medical News article greatly upset Richard Chamberlain, a radiologist on the

National Committee for Radiation Protection. In response, he wrote to Wendell G. Scott,

the President-elect of the American Roentgen Ray Society. Chamberlain deplored the
tactics of the NAS in allowing the gonadal dose figure to be released publicly while the

Sonnenblick, "Intravaginal Measurement of Radiation Dose Incident to X-ray Pelvimetry and
Hysterosalpingography," American Journal of Obstetrics and Gynecology, 74:1(1957), pp. 1-12.
°
It should be noted that it was primarily, though not necessarily exclusively, radiologists who objected to
the Laughlin-Pullman report and not necessarily the medical community as a whole. For example, the
Pathology Panel Inhalation Hazards subcommittee believed that the Laughlin-Pullman Report did not
exaggerate the doses; "Inhalation Hazards Sub-Committee Meeting, Minutes of September 22, 1957, p. 1,
National Academy of Sciences Archives, ADM: ORG: NAS: Corns on BEAR: Pathologic: Subcom on
Inhalation Hazards: Meetings: Minutes.
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final report was still being circulated privately among radiologists. He characterized
Glass's mention of the figure in his talk as a breach of good faith, particularly as he had
not properly qualified the accuracy of the value. Chamberlain asked Scott to lodge a
protest with the NAS. He further complained that Glass again had raised the idea of
instituting a system for maintaining personal exposure records, though a committee on
the proposal organized by NCRP Chairman Lauriston Taylor already had dismissed the

idea. Chamberlain closed on a forlorn note: "After seeing this, I wonder if anything is
really worthwhile."31

Scott wrote two letters in quick succession to Detlev Bronk, airing Chamberlain's
complaints in a more diplomatic tone, but also including a copy of Chamberlain's letter.
Scott passed on several criticisms of the Laughlin-Pullman report, most of which boiled
down to the fact that it was very difficult to estimate the average doses received from

medical irradiation. Somewhat ironically, this difficulty was largely due to the lack of
standardization in both practice and instrumentation in a field that vigorously resisted the

setting of formal, legal standards and preferred to rely on the physician's individual
judgment. Difficulties in estimating medical radiation doses were exacerbated by the
lack of accurate record keeping of the type proposed by the Genetics Panel. Scott further
critiqued the report by stating that certain assertions about the frequency of certain
medical uses of radiation, such as pelvimetry, were difficult to reconcile with his

observations while traveling around the country as President-elect. He strongly urged

that the title of the report be changed from "The Preliminary ReportGonadal Dose from
31

Richard H. Chamberlain to Wendell G. Scott, 17 May 1957, National Academy of Sciences Archives,
ADM: ORG: NAS: Coms on BEAR: Genetics: Laughlin-Pullman Report: Section III: Gonadal Dose
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the Medical Use of X-rays" to "Estimate of the Gonadal Dose from the Medical Use of

X-rays as Assembled from a Review of Literature" or, alternately, "Estimated Gonad
Dose from the Medical Use of X-rays as Gathered from Reports and Literature." Scott
thought that the current title might mislead people into believing that the gonadal dose

had already been determined as an accurate, established fact. Finally, he argued that the
release of the report should be delayed because (a) the report would have to be revised in

the immediate future due to faster film and new intensifying screens that would soon go
on the market and which would reduce the necessary exposure times for many procedures

and (b) effort would be better spent in attempting accurate surveys of current exposure
levels rather than wasting time publishing estimates based on published literature.32 In
essence, Scott argued that in the absence of definitively accurate data, nothing should be
said publicly at all.

Glass, members of the administration of the NAS, and an outside reviewer (a

biometrician at the National Institutes of health) all agreed that the Laughlin-Pullman
report was based on inadequate data and was not definitive; however, they believed that it

was a worthwhile attempt. Jerome Cornfield, biometrician who was deeply involved in
the debate over the link between smoking and lung cancer in the 1950s (he believed there

was a casual relationship), expressed great admiration for Laughlin and Pullman's

efforts. Cornfield believed that their estimates were probably the best that could be

from Medical Use of X-Rays: Review by Professional Organizations. The Medical News article was
enclosed with the letter.
32
Wendell G. Scott to Detlev Bronk, 22 May 1957, National Academy of Sciences Archives, ADM: ORG:
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drawn from the fragmentary and sometimes contradictory evidence available.
Nonetheless, he agreed with Scott that a systematic survey to further define the estimate
would be worthwhile.33 Physician Robert W. Miller, member NAS Committee on

Atomic Casualties, noted that Scott's argument that his personal observations of the
frequencies and dosages of radiological procedures as he traveled the country were even
less representative than the data used in the report and hence not an effective rebuttal.
Miller ended his comments on the complaints of Scott and Chamberlain by saying:
From my experience with the writings of Dr. Richard Chamberlain, he
appears to be a man much more moved by emotion than reason. He
constantly seems to wish to block the expression of opinions concerning
the field of radiation medicine opinions of those who do not agree with
him.34

Bronk wrote to Scott, thanking him for his comments, but also taking exception to

Chamberlain's remarks. Bronk noted that he would say more about Chamberlain's
apparent attitude that the NAS should suppress the free speech of scientists were Bronk
not on the Board of Trustees of the University of Pennsylvania, where Chamberlain was a

faculty member.35

The exchanges about the Laughlin-Pullman report were characteristic of the

debates over radiation effects during the fallout debate. All parties in debate agreed that
the scientific basis was uncertain. The critiques of the Laughlin-Pullman report by

Jerome Cornfield to Wendell G. Scott, 29 May 1957, Wendell G. Scott to Detlev Bronk, 22 May 1957,
National Academy of Sciences Archives, ADM: ORG: NAS: Corns on BEAR: Genetics:
Laughlin-Pullman Report: Section III: Gonadal Dose from Medical Use of X-Rays: Review by
Professional Organizations.
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National Academy of Sciences Archives, ADM: ORG: NAS: Corns on BEAR: Genetics:
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radiologists were, in large part, about whether the estimates had been properly
qualified and whether, given their uncertainty, the estimates should be published at all.
Defenders of the Laughlin-Pullman report argued that a statement based on the best
available data was both appropriate and desirable. Both sides implied that the other was

not being properly scientific. Scott and Chamberlain seemed to imply that statements
based on the available information would be misleading to the point of irresponsibility.
Miller implied that Chamberlain was so beholden to his professional interests that he did
not properly weigh other points of view. As seen before, for example, in Bugher's rebuke

of geneticists, charges that some participants in the debate were not being properly

scientific went hand in hand with accusations of being overly emotional. Bugher
believed that geneticists had let their emotions get the better of them because he thought

that they were making stronger statements than the evidence allowed. Conversely, the
charge of emotionality against Chamberlain was aimed at his having too high a threshold

for the amount of evidence that would justify publication. In a sense, he was making too

strong a statement about the uncertainty of the evidence. He was not going as far as the
evidence would allow.

The Radiological Society Meeting
Well aware of negative reaction of many members of the medical community to
the genetics report, the Genetics Panel initiated a campaign to educate physicians,
particularly radiologists, on the genetic risks of radiation. The members of the panel hope

that such an outreach effort might led to changes in radiological practice that would
address genetic concerns. As Shields Warren noted, such an education campaign "will be
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much better accepted by the medical profession than if one attempts to lay down the
law for them."36 The first major effort by the Genetics Panel was at a meeting of the
Radiological Society of North America. The most contentious issue at the symposium
proved to be the possible relation between genetic injury and somatic effects, rather than

injury to the heritable genes. This controversy, focusing on the somatic mutation
hypothesis of carcinogenesis, was already well under way in the cancer research

community. Soon it would become a central issue in the public debate over fallout, as
well.

Even before the release of the BEAR report, efforts were underway to bring a

greater knowledge of genetics to the medical profession. In January of 1956, Edith
Quimby, a colleague of Failla's at Columbia University, wrote to Hollaender about the
possibility of offering a refresher course on the genetic effects of radiation at the annual
meeting of the Radiological Society of North America in early December. Quimby stated
that she had been thinking for a couple of years about having such a course at the meeting,

but had not done anything about it. Now, however, the subject seemed particularly
timely.37

By the time of the completion of the BEAR report, Hollaender had grander ideas

for the meeting. Because the number of people attending the genetics refresher course
was likely, in Hollaender's estimation, to be very limited, he suggested to Lauriston
Taylor, who was in charge of the symposia, that a round-table discussion on permissible

dose follow the genetics course. The expressed purpose of the round-table would be to
36

Shields Warren to George Beadle, 4 November 1957, National Academy of Sciences Archives, ADM:
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sell the radiologists on the Genetics Panel's recommendations on permissible
exposure limits and on the implementation of a system for keeping track of an

individual's accumulated exposure. He wrote to Shields Warren, who had nominally
been a member of the Genetics Panel, to ask if he would give a talk on the delayed

[presumably somatic] effects of radiation. Hollaender had considered asking Jacob
Furth; however, Hollaender noted that Furth (who would later win the Nobel Prize) "was

not the best public speaker." As the manner of presentation would be extremely
important in selling the Genetics Panel's recommendations, he wanted all the presenters
to be effective public

speakers.38

Hollaender envisioned the symposium at the

Radiological Society meeting as the first of many aimed at industrialists, pediatricians,

dermatologists, etc. Warren declined and Hollaender convinced Charles Dunlap of the
Pathology Panel to give the talk on delayed effects. Failla would present a talk on the
aging process and carcinogenesis, Hardin Jones would present his data on radiation and

longevity, and James Crow would give a talk on the genetic effects of radiation. Crow
solicited Hollaender's advice on preparing his talk, as this would be the first time he had
spoken about genetics to a group of radiologists.39
Papers based on the talks, with the exception of the one by Hardin Jones, were
published in the July 1957 issue of Radiology. Charles Dunlap's paper, "Delayed Effects
of Ionizing Radiation," aimed to disassociate radiation as a direct cause of delayed
37Edith H. Quimby to Alexander Hollaender, University of Tennessee Radiation Archives, Hollaender
Papers, RG 1105, box 2, folder 13.
Alexander Hollaender to Shields Warren, 8 June 1956, University of Tennessee Radiation Archives,
Hollaender Papers, RG .1105, box 2, folder 13. Though Shields Warren was listed as a member of the
Genetics Panel, I refer to him as nominally a member because, according to James Crow, he played no role
whatsoever in the Panel's deliberations, only attending the first meeting briefly to deliver a few remarks at
the opening; personal communication from James Crow, 4 April 2003.
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radiation effects, such as leukemia. By implication, Dunlap's argument also
undermined the somatic mutation hypothesis. Dunlap believed that radiation only played
an indirect role, at most, in causing delayed injuries detected in irradiated individuals.
According to his hypothesis, radiation might cause a general weakening of the irradiated
tissue, perhaps leading to the loss of certain specialized cell functions in a number of

cells, which then decreased the tissue's ability to withstand other, unrelated forms of
injury. One observation that he cited in defense of the indirect action of radiation effects
was that delayed radiation injuries generally did not exhibit highly specific or unique

clinical symptoms. Leukemia that was supposedly radiation-induced was clinically
identical to spontaneous leukemia found in non-irradiated individuals. Citing the
examples of the studies on increased leukemia incidence in radiologists, those irradiated
for ankylosing spondylitis (arthritic spines), and the Hiroshima and Nagasaki survivors,
he noted that it was tempting to view such evidence as showing a direct cause and effect
relationship between radiation and leukemia. For Dunlap, however, several observations

cast doubt upon this assumption: the occurrence of leukemia in unirradiated individuals,
the long and unpredictable latent period before irradiation and the appearance of
leukemia, the fact that only a few of the irradiated population actually developed
leukemia, and the discovery (by Peyton Rous and Joseph Bittner among others) that
non-filterable agents (viruses) could transmit leukemia in some experimental animals,
such as mice and chickens.4°

James Crow to Alexander Hollaender, 19 June 1956, University of Tennessee Radiation Archives,
Hollaender Papers, RG 1105, box 2, folder 13.
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Dunlap then illustrated his case with a hypothetical example that is worth

repeating. He aimed to show that the observations, which seemed to suggest radiation
was a direct cause of increased leukemia incidence, could be interpreted in a different
light. Dunlap based his example on the occurrence of typhus in rats. Rats were known to
be susceptible to endemic typhus fever, but the natural form of the disease was usually

mild and many rats survived infection. In a 1932 experiment, investigators had shown
that rats irradiated before experimental injection with typhus often developed a rapidly

fatal form of the disease. Dunlap now began his hypothetical example. Assume that the
cause of typhus is not known. Investigators are irradiating rats in a region where there is

a natural reservoir of intermediate carriers of typhus, such as fleas and lice. In these
conditions, the irradiated rats would develop the severe form of typhus, clinically similar

to human typhus. The typhus cases would develop at unpredictable times after
irradiation, as the onset would depend on the chance infection of the individual rat. The
unirradiated rats would not generally develop endemic typhus. The investigators might
suspect that the radiation had caused the endemic typhus. If they repeated the experiment
on the rats, as well as on other experimental organisms, such as mice, they would observe

the same effect. The investigators then read an article in a foreign journal proposing that

Rickettsia prowazekii is the actual cause of endemic typhus. The investigators decide to
test this hypothesis. They infect unirradiated rats with Rickettsia prowazekii and very
few die; they infect the irradiated rats and they develop the rapidly fatal typhus that the
investigators have learned to recognize as rat typhus, regardless of whether or not the rats

have been injected with Rickettsia prowazekii. The investigators then survey the
incidence of human typhus and discover that radiologists and patients who received
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therapeutic irradiation have a higher incidence of typhus. Of course, some people who

have never been irradiated also developed cases of typhus. This difficulty with the thesis
that radiation is a cause of typhus is disposed with by noting that everyone is exposed to
some natural background radiation, so a few cases might be expected in those had not
received additional radiation. Thus, in Dunlap's hypothetical example, ionizing radiation
had been proven to cause

typhus.41

Dunlap used his illustration as a cautionary tale for those who would directly link

radiation exposure with an increased incidence of leukemia. Dunlap admitted that some
delayed effects, such as the development of a chromic skin ulcer at the precise area that

had received radiation, were doubtless a direct cause of radiation. He suggested that for
other effects, such as leukemia, which were only related to prior irradiation by statistical
evidence, it was still necessary to demonstrate that relationship, presumably through

clinical observations of elucidating the actual mechanism involved. In conclusion, he
related the need for making such determinations to the legal liability of radiologists

because the law differentiated between proximate and remote causes of injury. Dunlap's
discussion of delayed radiation effects reflected the conceptual and methodological
approaches held by many in the medical community: a suspicion of statistical evidence,
an emphasis on clinical observation and demonstrable direct cause and effect

relationships, and a belief in a threshold for radiation injuryas shown, in part, by his
assertion that most delayed effects were the result of overexposure by current medical

standards. His comment on the legal importance of determining the correct relationship
between radiation and later manifestations of injury also revealed the importance of

'"Dunlap, "Delayed Effects of Ionizing Radiation," pp. 12-17.
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occupational considerations in the attitudes of the medical community toward
radiation effects.

The papers of Failla and Paul Henshaw sharply contrasted with Dunlap's
discussion of radiation effects. Paul Henshaw, a biophysicist with the AEC's Division of
Biology and Medicine, did not present a paper at the Radiological Society meeting.
However, Henshaw had independently developed a hypothesis about the relationship
between life shortening and radiation which was similar to Failla's. He had presented his
paper only three weeks before the Radiological Society meeting at an Argonne National

Laboratory meeting. Since the results of the Argonne meeting would not be published,
Failla agreed to a simultaneous publication of the papers in Radiology. Both Failla and
Henshaw postulated that somatic mutations were the cause of aging and cancer.
A physicist by training, Failla based his argument on a consideration of the
physical nature of ionizing radiation and its possible modes of affecting biological

material. Failla differentiated between two basic types of ionizing radiation, one with a
low specific ionization, such as x-rays, and another with a high specific ionization, such

as alpha rays and neutrons. He noted that the biological effects of x-rays could be
influenced by a variety of factors, including oxygen tension in the cell, the addition of
certain compounds, and the physiological status of the cell, such as the point in the

mitotic cycle at which it was irradiated. In many cases there was some recovery by the
cell from radiation damage and chronic doses seemed less effective than acute doses.
Damage caused by radiation with high specific ionization, however, was not substantially

affected by the above modifying factors, nor did it exhibit as much recovery. Failla
speculated that this difference was due to the fact that closely spaced ion-pairs were
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necessary to cause sufficient damage to mutate genes. With x-rays, such pairs only
occurred at the end of the electron tracks, or when two tracks crossed. With neutrons and
other radiations with high specific ionization, the ion density along the path, as well as at

the end, was sufficient to cause gene mutations. Thus the damage caused by x-rays was
primarily diffuse damage throughout the cell, while the damage from neutrons was
primarily damage to the chromosomes and genes.42
After describing the mechanism of genetic injury, Failla suggested that the

uncontrolled growth that characterized cancer was caused by somatic mutations. He
speculated that all cells had the potential for uncontrolled growth, but that an

antiproliferation agent produced by cells retarded this potential. Failla made an analogy
to wounds, where cells underwent rapid proliferation after the initial injury, when enough

had been damaged to reduce the concentration of the antiproliferation agent in that

locality. However, once the wound healed and the proper concentration returned, cell
growth was brought back under control. Somatic mutation might cause cells impair some

cells ability to manufacture this agent. Their growth would be kept under control by the
healthy cells nearby unless enough mutated, or were otherwise injured, to allow the
mutated cell to proliferate without restraint.43 Failla also suggested that the aging process
itself might be due to a gradual buildup on somatic mutations that impaired cell functions.

Henshaw had the same basic thesis, that somatic mutations were responsible for

carcinogenesis and aging. Henshaw explained his hypothesis by an analogy between
somatic and germinal mutations. With heritable gene mutations, a lethal mutation, or one
42
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that cause a severe morphological defect, led to early death and a failure to reproduce.

A sublethal, or slightly deleterious mutation was spread throughout the reproducing

population. Henshaw speculated that a similar proliferation of somatic mutations could
be used to explain a variety of types of radiation-induced injury. radiationfunctional
failure of some organs occurred and radiation sickness resulted. The induction and
survival of cells with sublethal mutations led them to continue to proliferate, creating

more sublethal cells and eventually causing, in Henshaw's terminology, a genetic
transition, at which point the tissue as a whole began to degenerate. In Henshaw' s view,
this underlay the functional failure of organ systems sometime seen in acute radiation
sickness. The process was much the same in cancer induction, where somatic mutation

might make a cell malignant. Eventually, this cell would reproduce itself enough to
change the "physiologic field gradient" in the tissue and allow the full expression of the
malignancy.

Though both Failla's and Henshaw's papers were quite speculative, they fit with a

growing body of statistical evidence that seemed to show a linear relationship between

radiation dose and both life-shortening and leukemia incidence. Te apparently similar
nature of the dose-response curves increased speculation among scientists that somatic

mutations were the basis for both these effects. In addition, cancer was primarily a
disease of old age, so a similar casual mechanism for life-shortening and cancer seemed

plausible. As genetic injury was the first, and remained the primary, type of biological

'
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damage that had been demonstrated to be linear with dose, it made a likely candidate
for the casual mechanism.

Both Failla and Henshaw had long been involved in research on the effects of
radiation. Though neither was a geneticist, both men seem seem to have strongly adopted

genetic views on radiation injury. Trained as a physicist, Failla had worked primarily on
problems of determining actual dosages received by various biological tissues from

irradiation and on instruments for effectively delivering radiation in cancer therapy. He
had also been involved in the determination of radiation protection standards, serving on
the NCRP from 1946 to 1957, the ICRP from 1953-1959, and the International
Commission on Radiation Units from 195O-1959.

His interest in the possibilities of the

somatic mutation hypothesis seemed to have come only near the end of his career. At the
beginning of his paper, he stated that the recent evidence for low-level somatic effects
such as life-shortening and some forms of cancer had spurred him to think about the
mechanisms that caused this damage in order to provide a more scientific basis from
setting permissible doses.46 The Radiology paper was his first publication on the subject.

He published three more papers on the radiation and life shortening before his death in
196

Perhaps Failla's adoption of the somatic mutation hypothesis was influenced by
his experiences on the Genetics Panel. However, he may well have been exposed to the
u American Men of Science, The Physical and Biological Sciences, D-G,

10th

Edition, (New York: R.R.
Bowker Co., 1960).
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genetic view of radiation injury by Henshaw, who had worked with Failla from
1929-1938 at the Memorial Hospital in New York. Henshaw had received his Ph.D. in

Zoology from the University of Wisconsin in 1930. After his time at the Memorial
Hospital, Henshaw joined the National Cancer Institute, where he and his colleagues
published the first study showing an increase in the incidence of leukemia in physicians.48

Henshaw had also shown an early concern with the genetic effects of radiation with

regard to protection standards. Around 1939, he sent a memorandum to the Advisory
Committee on X-Ray and Radium Protection (former name of the NCRP) recommending

that they take genetic effects into consideration when setting standards. Lauriston Taylor
later stated that Henshaw's memorandum had led to the first discussion of genetic effects
by the Committee.49 Henshaw also had a strong interest in population dynamics, which

may have influenced his choice of using the analogy between the proliferation of
malignant somatic cells and the spread of a sublethal gene in a population. Though they
had different ways of expressing the somatic mutation hypothesis, influenced by their
disciplinary backgrounds and research interests, both seem to have been persuaded, at
least in part, by the statistical data on leukemia and life-shortening to adopt the
hypothesis.

In his talk, published as "Genetic Considerations in establishing Maximum
Radiation Doses," Crow assiduously avoided any mention of somatic effects that might
have a genetic basis. He essentially gave a version of the Genetics Panel report. Careful

Shortening of Life by Chronic Whole-Body Radiation," American Journal ofRoentgenology, Radium
Therapy, and Nuclear Medicine, 78:6 (1957), pp. 946-954.
S. Henshaw and James W. Hawkins, "Incidence of Leukemia in Physicians," Journal of the National
Cancer Institute, 4:4 (1944), pp. 339-346.
of Paul S. Henshaw by Lauriston Taylor, 10 August 1977, HREX Archives,
http://hrex.dis.anl.gov/, document no. h025 1100, p. 111.
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not to step on toes, Crow concluded by saying that he had no wish to advise
radiologists on the technical aspects of their profession, but believed that they should
make every attempt to minimize the radiation dose to the gonads. He stated that while the

geneticists may have overestimated the genetic dangers, they also might have

underestimated them. Thus, it was better to err on the side of caution.50
The published discussion of the symposium papers focused entirely on the

somatic mutation hypothesis. Henry Kaplan, who was on the BEAR Pathology Panel,
thought that there was little convincing evidence of the somatic mutation hypothesis. He
added that if the amount of talk about the hypothesis were proportional to the amount of

evidence, there would be a lot of evidence. Kaplan agreed with Dunlap that most recent
evidence pointed to indirect mechanisms that seemed difficult to reconcile with somatic

mutations. Another physician noted that hidden factors might explain the apparent
correlation between radiation dosages and leukemia incidence. As an example, he
mentioned "the tendency that has always existed for medically handicapped physicians to
turn to radiology and pathology, which have been believed to offer an easy life rather than

a short one" (a view that had been mentioned in the Pathology Panel meeting)5' New
York physician Milton Friedman gave a blistering rebuttal to both Jones and Failla.

Regarding Hardin Jones' "extrapolation" that increased irradiation decreased the
longevity of a population, Friedman said "This is the kind of statement one would expect

to find in a booklet on the biologic effect of the irradiation of mice, which has been

published under the title 'Biologic Effects of Atomic Radiation." Friedman facetiously

°
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suggested that increased irradiation, primarily from medical uses, increased the

longevity of the population by reducing disease. He admitted his was a specious
argument, likening it to the arguments made by Jones and Failla. After admitting that he
knew little about the genetic effects of radiation on a population, Friedman concluded:
What I am really talking about is the disparity between true knowledge
and the dogmatism of quasi-official and official government regulations
concerning radiological protection, which are of increasing importance
for the general population. I suggest greater tentativeness in proffering
these regulations than exists today.52
Failla replied that perhaps he should not say anything, since the applause following

Friedman's remarks showed him where the audience stood on the issue. However, Failla
did reply, accusing the radiologists of being unwilling to accept any evidence short of the

injury or death of humans as proof that a certain radiation dose could be harmful.
Echoing the rationale of the Genetics Panel, Failla stated that permissible limits had to be

set now, regardless of how rough the estimate was. By the time conclusive human
evidence was available, it would be too late.
The editorial by R.R. Newell (whose letter to Science Russell had critiqued) in the

Radiology issue also launched a broadside against Failla and Jones and, most pointedly,

the general issue of genetic effects. Newell dispensed with the increased incidence of
leukemia in radiologists by attributing it to prewar carelessness about stray radiation. He

brushed aside Jones' evidence on life shortening from irradiation by asserting that

infections and all other vicissitudes of life decreased longevity as wellpeople in a
healthy society [presumably the current one] were still far more long-lived than those in a

52
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disease-ridden society. Most of its rhetoric was saved for genetic effects per Se. The
editorial opened by stating:
"Race hygiene" should be an idealistic concept, projecting our finest
ambitions into the future of mankind. Under Hitler the term became an
instrument of propaganda, a cloak for anti-Semitism. Since the
publication by the National Academy of Sciences of its Summary Report
on Genetic Injuries from Radiation, we are seeing a renewed interest in
race hygiene. We should take care lest it develop into a movement against
radiologists.53

Newell then went on to attack the press coverage of the Genetics report as well as the

ability of the public to properly understand the science presented to them. He stated that
the public lived in a black and white world "with no more half-tones than a VIP cartoon"
and were ill equipped to evaluate the validity of the unbalanced reporting on the genetic

effects of radiation. He did praise the report itself and admitted that there would be no
harm in radiologists re-examining their practices to insure that the least amount of
radiation reached the gonads. However, he strongly objected to keeping exposure records

for the population, calling it impossible. Evidently, Russell's attempt to convince Newell
of the errors in his Science letter had little lasting effect. Newell reasoned that individual
exposure records were unnecessary since only the average amount of exposure to the

entire population mattered genetically. As long as the population average was deemed
sufficiently low, one could disregard "the occasional bad chance." As an analogy, he said

that if radiation escaped out onto a sidewalk, one might properly multiply the amount of

additional milliroentgens per day by the number of people passing by, but one "doesn't

fret about the possibility that a newsboy will stand there for six hoursthat is, as far as

R.R. Newell, "Editorial: Genetic Injuries," Radiology, 69:1(1957), pp. 111-114.
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genetic injuries are concerned."54 Newell closed on a calmer note. Though the

eventually injury caused by a gene mutation would never be traceable back to its cause,
he stated, radiologists should still take care to minimize the gonadal dose as much as
possible.

The most emotional and contentious aspect of the symposium clearly seemed to
be the debate over the somatic mutation hypothesis. In this small sample, the divisions
over the validity, or probable validity of the hypothesis seem to follow disciplinary

contours to a degree. Though both Failla and Henshaw had spent large parts of their
careers working in hospitals, serving on radiation protection committees and advisory
boards, and working for the AEC and the National Laboratories, they both came from

non-medical backgrounds. Their adversaries in the debate were all physicians (though
admittedly, one might expect physicians to comprise the substantial majority of attendees

at a meeting of the Radiological Society). Failla made much of the statistical evidence
showing a linear relationship between radiation dose and certain somatic injuries--a
form of evidence that many in the medical community found lacking. Physicians, such as

Dunlap, argued primarily based on evidence and concepts from the clinical approach to
research on injury and disease.
In addition to attacking the somatic mutation hypothesis, physicians at the

meeting, such as Newell, were obviously displeased with the Genetics report itself. At
least in part, their displeasure may have been due to the public reaction to the Genetics
report, which they believed showed an increasing public fear of medical uses of radiation.

Apparently, they had some justification. As an example, in February 1957, Sturtevant

R.R. Newell, "Editorial: Genetic Injuries," p. 112.
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wrote to a colleague that a plan by Caltech to require chest x-rays for all employees
was scrapped because resistance there was to the idea.55 Newspapers had reported the
revised findings of the Laughlin-Pullman report with front-page headlines such as
"Estimate of Peril in X-rays Raised."56 In an article on the 1958 meeting of the American
Roentgen Ray Society, radiologists, R.R. Newell among them, complained that the public

discussion of radiation hazards over fallout had created near hysteria about radiation in

the population, reporting that patients were becoming reluctant to receive any kind of
x-ray diagnosis.57 At times, it even seemed as if Newell's fears about the persecution of

radiologists might contain a grain of truth. In 1959, the Westchester County Health
Department sent out radiation detection teams to investigate medical offices and hospitals

for signs of radiation hazards. The impetus behind the investigations was the planned
opening of a nuclear reactor in the county. Anticipating increased radiation levels
because of the reactor, the county had cracked down on medical uses of radiation.58

Continuing Genetic Outreach
The symposium at the Radiological Society annual meeting was the first of many
meeting between radiologists, radiobiologists, and geneticists sponsored by the National

Academy of Sciences in the wake of the BEAR report. The Genetics Panel, unlike the
medical community, was pleased with the press coverage of the report, and did not find it

particularly unbalanced. Weaver believed that the public response was both substantial
Alfred Sturtevant to Howard Boroughs, 28 February 1957, Caltech Archives, Sturtevant Papers, box 11,
folder 11.4.
56
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and encouraging in character. Demerec wrote Weaver that he was happy with the
public attention the report had received.59 Emboldened by the favorable public reception,

the panel made plans to continue its efforts to educate the medical community. At a
meeting of the Genetics Panel on 1 December 1956, Hollaender stated that many
prominent radiologists who wanted to discuss their problems with the Genetics report had
contacted

him.6°

The panel passed a motion to broaden the understanding of radiation

genetics among professionals who used ionizing radiation through group conferences and

lectures.6' Hollaender set up regional meetings to bring radiologists and geneticists
together in order to refresh the radiologists on the basics of genetics and discuss the
BEAR report.

The members of the panel were also beginning to feel a responsibility to ensure

that progress was being made in reducing medical exposures. Beadle brought up the
question of whether the panel should make recommendations on how to reduce such
exposures. Beadle specifically mentioned a new method of fluoroscopy that would give a

lower dose being developed by radiologist Russell Morgan and suggested that the panel
publicly encourage such work. Failla cautioned that this might upset patients whose
physicians had not yet purchased such devices. (In earlier correspondence over the
Laughlin-Pullman report, it had been noted that equipment was usually not replaced until
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it had worn out.) Shields Warren, evidently now attending the panel meetings, agreed

with Failla. The following exchange occuned:
Beadle: We ought to encourage and speed up the development of these
things.
Russell: In fact, we have a responsibility to see that progress is being
made.

Hollaender: The NAS-NRC has a Committee on Radiology. That would
be the appropriate group.

Failla: Let's move quietly, without publicity. We ought not to force the
issue.

Russell: Well, some member of the committee should be delegated to
express an interest in it and to keep a check on the progress being made.62

Before the release of the BEAR report, the panel had seen its main responsibility as
making a recommendation on permissible limits and, eventually, making
recommendations for future research in genetics. However, they now started to feel more

responsibilities in connection with radiation and the public. One responsibility was to
ensure medical awareness and action on the wisdom to reduce radiation exposure.
Though, as his talk at the Radiological Society meeting showed, Failla was not hostile to
the genetic view with regard to scientific issues, he still strongly urged that they

limit

their attempts to alter medical practice. The members on the panel also began to keep a
closer eye on commercial uses of radiation. Upon seeing an advertisement in Time
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magazine for an "Atomic Light" flashlight, Beadle wrote Hollaender to see if he could

find out from sources at Oak Ridge whether the device might pose a radiation

hazard.63

Despite the contentious nature of the Radiological Society symposium, panel

members believed their efforts were bearing fruit. After the first meeting between
geneticists and radiologists under NAS auspices, Hollaender reported "we finally got the
radiologists to the point where they were starting to worry and ask many questions." At

least initially, the meetings still seemed to be somewhat emotional and the radiologists
revealed occasional misunderstandings of the geneticists' positions. In correspondence
between participants after a northeast regional meeting, Hollaender corrected the notes of

the meeting written up by radiologist Hymer Friedell, a member of the BEAR Pathology

Panel. Hollaender believed that as written, the notes gave the impression that it was the
considered judgment of all those present at the meeting that the genetic effect might be

non-linear at low doses. Hollaender pointed out that this was not the opinion of the

geneticists. He told Fnedell that he believed the meeting had been successful, though
emotionally charged.65
Hollaender and others continued to organize NAS sponsored meetings to promote
an understanding of genetics in the medical community. Perhaps due to how contentious
some of the meetings already were, Hollaender did not ask Muller to participate. He told

Muller that he hesitated to ask him to sit in on the meetings because Muller had already
done so much by fighting for reduction in medical exposures to radiation for so many
George Beadle to Alexander Flollaender, 5 November 1956, American Philosophical Society Library,
Hollaender Papers, box A-il, [B H717], folder Beadle #3.
64
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years.66

Reading between the lines, one might guess that Muller's long history of

espousing his views on the subject might not make him the most welcome sight to a room

full of radiologists.

In addition to organizing small meetings between radiologists and geneticists,
members of the panel also gave talks at the meeting of professional medical groups. Neel

was a particularly popular choice, perhaps due to his medical training. In addition, as the
one member of the panel who had been strongly against setting a permissible dose and as

self-described moderate about genetic damage from radiation, he was unlikely to ruffle
physicians' feathers. Neel summarized his attitude in a letter to Beadle after accepting an
invitation to speak at the annual meeting of the American Medical Association:
This is the probably the most important single medical sounding board we
could reach. I interpret my position as a 'moderate,' someplace between
the over-reassurances of some individuals in the AEC, and the to me
over-dogmatic and perspectiveless [sic] approach of some of our allegedly
scientific colleagues.67

Neel had obviously not forgiven some of the battles over the BEAR report. Despite his
distaste for the manner in which Muller, among others, addressed the problem, Neel
stated that he agreed "wholeheartedly" that the increasing exposure of the population to
radiation raised a genetic problem and that he respected Muller for his efforts to bring it to

the public's attention.68 The discussion of the genetic effects of radiation also gave Neel
the opportunity to promote the integration of medicine and genetics in general. Genetic
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damage from radiation formed only part of the talk he gave before the American

College of Physicians, which he titled "Medicine's Genetic Horizons." In it, he used the
new public health threat of radiation to illustrate the interdependence of genetics and
medicine in meeting the new challenges to public health in the postwar

era.69

Despite the initial defensiveness of radiologists and other members of the
radiation-using medical community, the Genetics Panel began to get positive responses to

their education campaign. Wendell Scott wrote to Bronk that the American College of
Radiology had decided to prepare a booklet on radiation safety for distribution to all

members of the medical profession who used radiation. He also raised the possibility of
producing a nation-wide closed-circuit television program for the medical profession that

would cover many of the same points in the booklet. To subsidize the free distribution of
the booklet, the American College of Radiology requested and received $15,000 from a
fund set up by the Rockefeller Foundation to support the continuing activities of the
BEAR Committees. The Genetics Panel was given the opportunity to review the booklet

and was generally pleased with the presentation of radiation effects. They agreed with
the radiation safety recommendations in the booklet, but still believed that the reasons for

these recommendations, particularly the genetic reasons, were not emphasized enough.

Edward Lewis' review of the booklet suggests that the medical community was still
allowing for a threshold for the genetic and delayed somatic effects that geneticists

generally believed to be linear. Lewis said that the statement "0-25 rads no observable
effect" should be qualified to include the possibility of genetic and delayed somatic
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effects that would not be immediately visible (again the emphasis on detectable injury

by physicians). He also corrected the impression given in one section of the booklet that
seemed to imply that there would be no somatic effects if the individual did not exceed
the permissible dose.7° Apparently, although the medical profession was coming to
accept the existence of a genetic risk from irradiation, many physicians still had difficulty

fully accepting the lack of a threshold for genetic and some somatic effects.
The Genetics Panel began to receive reports from physicians and health officials

of their efforts to reduce radiation exposures. Dr. James Perkins of the National
Tuberculosis Association told Weaver that he had sent a list of guidelines out to over
5,000 groups and agencies that were members of the association. Three of the guidelines

were: (1) under no circumstances should fluoroscopy be used for routine tuberculosis
screening (2) that routine x-ray screening not be used on people under 15 years old
(Perkins believed that this seldom happened in the first place) and (3) that the agencies

ask if the information would actually be used before taking an x-ray. If not, they should
not take the x-ray.

Besides showing that the BEAR report prompted more cautious use of radiation
in the medical community, the guidelines also offer more evidence of how casually some

members of the medical profession had treated radiation exposure. Weaver responded to
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the news by exulting "Is this not cooperative and encouraging! Our labors are not in
vain !71 The Massachusetts Department of Public Health and the Massachusetts

Tuberculosis Association decided to abandon the routine x-ray screening of school
children and switched to using skin

tests.72

Individual physicians also began to write to

the panel members about their efforts to reduce exposures. The Chairman of the
Radiology Department at the Indiana University Medical Center wrote Muller that he was

happy to report that their highest fluoroscopic output had been reduced to 4 r per minute
and that they could reduce it to 1 r with image amplification.73
Some physicians went a step further and took personal initiative to spread the

word about the genetic effects of radiation among their colleagues. The Ohio State
University physician and biophysicist William G. Myers sent Neel a copy of his paper,
"Impact on Internal Medicine of the Reports of the National Academy of Sciences,"

asking Neel to critique it and suggest an appropriate journal for its publication. Myers
had originally presented the paper at the midwest regional meeting of the America

College of Physicians. Neel's primary criticism was that Myers had emphasized the
possibility of the eventual eradication of the human species. Neel apprised him that most
geneticists did not believe this was a risk unless population exposure increased to very

high levels over a long period of time. Myers thanked Neel for his comment, which he

'
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would incorporate into his upcoming talk before a meeting of Ohio general
practitioners on "The Emerging Awareness of Radiation

Hazards."74

The increased discussion of the genetic effect of radiation in public and within the

medical community coincided with, and perhaps helped spur, a growth in the interest in

medical genetics in general within the medical community. As previously noted, Neel
used invitations to speak before medical groups about the genetic hazards of radiation to

advance the importance of the study of human genetics in medicine. In the early 1950s,

Neel had trouble making inroads for human genetics in the medical communitythe
1954 Teaching Institute of the Association of American Medical Colleges on the teaching

of pathology, microbiology, immunology, and genetics being the most significant
recognition by the medical community of the possible importance of genetics to medicine

during that time period. Neel did receive the occasional request from physicians in
medical schools seeking his advice on adding a genetics component to their curriculum,
or at least introducing some genetics material into already existing medical courses.75
Even before the beginning of the public airing of the genetic hazards of radiation after the

Bravo shot, Neel believed that within ten years most major university medical programs,
such as U.C.L.A. would have a medical geneticist on staff.76 Though doubtless the
growth of medical genetics would have occurred without the discussion of genetic
William G. Myers, Ph.D. M.D., Julius F. Stone Research Professor of Medical Biophysics, Ohio State
University, to James Neel, 29 May 1958, American Philosophical Society Library, Neel Papers,
correspondence, box MU; James Neel to William G. Myers, 9 June 1958, American Philosophical Society
Library, Neel Papers, correspondence, box MU; William G. Myers to James Neel, 11 June 1958, American
Philosophical Society Library, Neel Papers, correspondence, box MU.
See, for example, Joseph A. Di Paolo, Ph.D., Instructor, Department of Pathology, Northwestern
University to James Neel, 16 March 1954, American Philosophical Society Library, Neel Papers,
correspondence, box Di-Du, folder DI; E. Kost Shelton, M.D., Clinical Professor of Medicine, UCLA, to
James Neel, 10 December 1954, American Philosophical Society Library, Neel Papers, Correspondence,
box Sc-Sh, folder SH.
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hazards initiated by fallout, public airing of the possibility of genetic injury seemed to
spur its growth.

Shortly after a New York Times account of Sturtevant's talk about the genetic
hazards of radiation, including fallout, Benjamin Sonnenblick wrote to Sturtevant that the

article had stirred up so much discussion that even his physician friends had become
interested enough to ask questions.77 In February 1955, Arno Motuisky, a physician at the

University of Washington Medical School, wrote Neel asking for suggestions of people

trained in human genetics that might be added to the staff. Motulsky and several of his
colleagues were interested in extending the teaching of medical genetics with the ultimate

aim of establishing a unit of medical genetics. Motulsky enclosed lecture notes that he
recently had written for two lectures to be added to the fourth-year medical curriculum.
In the second lecture, which covered human genetics, Motulsky specifically addressed

fallout. He gave an estimate of the number of mutations that would be produced by
fallout at the present rate. He concluded that while fallout caused an increase in
mutations, it was not a significant increase and that therapeutic agents developed in the
future might reverse the resulting deleterious

effects.78

Neel replied to Motulsky that

there was an appalling lack of trained people in the field of human genetics. He added that

in the last month he had received similar inquiries from three different medical schools,
all of which had decided that the time had come to initiate programs in human genetics.79
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A few months after the publication of the BEAR report, Roberts Rugh, a biologist at
Columbia University who had long had an interest in both genetics and medicine, asked
for Neel's help in preparing a proposal to offer instruction in genetics to medical students
at Columbia.8° Neel replied that "Medical schools are currently quite receptive to

genetics--this might be an excellent time to approach your curriculum committee."8' Neel

also sent Rugh a copy of a paper, "The Functions of a Department on Genetics in a
Medical School" that he had just given at the annual meeting of the Association of
American Medical Colleges in a symposium on new developments in medical education.

In 1958, Neel turned down an invitation from Wendell Scott to participate in one

of the NAS-sponsored meeting between radiologist and geneticists. He cited a lack of
time for as his reason. According to Neel, the relatively few people in the field of human,

or medical, genetics were now constantly bombarded with invitations to give talks and
participate in meetings. Neel told Scott that human genetics had "suddenly come alive in
a way which is almost frightening."82 Throughout the late 1950s and early 1960s, Neel
was besieged with offers to speak at meetings, offer advice on setting up medical genetics

curriculums, organize postgraduate courses for physicians on genetics, write textbooks,
write for the Disease-of-the-Month Series, etc.83 The upsurge in interest in genetics in the

80Rorts Rugh to James Neel, 12 November 1956, American Philosophical Society Library, Neel Papers,
correspondence, box Ro-Ru, folder ROT.
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American Philosophical Society Library, Neel Papers, correspondence, box Mo-Mu, folder Motulsky,
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medical community was not, of course, solely or necessarily primarily due to public
discussions about genetic damage from radiation. The discovery of DNA and the growth
of molecular genetics during the same time period began to make discoveries that made
genetics seem far more relevant to medicine than the genetics of the prewar era. In 1959,
the Deans of eighty-four U.S. medical schools polled by the American Medical
Association voted advances in the field of biochemical genetics as the greatest

achievements in medicine that year. Among the accomplishments cited by the Deans
were: discoveries related to the synthesis of RNA and DNA; transduction, by which
viruses transfer genetic material from one cell to another; the role of genetic analysis in
understanding carcinogenesis; and the discovery of chromosome abnormalities relating
to phenotypic abnormalities.84 Though hardly responsible for the growth of genetics in

medicine, the BEAR report, initiated because of the fallout controversy, did help to call

the attention of physicians in general to genetics. The report also acted as a catalyst to
change medical practice with regard to radiation.
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"The Battle of Fallout"
The growing public fears of radiation noted by some radiologists in the wake of
the release of the BEAR report were also becoming evident in public reactions to fallout

from weapons testing. Shortly after the release of the BEAR Report, the public debate
over fallout hazards became what Charles Dunham would later call "the battle of

Fallout." "Battle" was an apt appellation. In the 1956 Presidential campaign, Adlai
Stevenson made a test ban an issue and with it, fallout hazards. During the campaign,
numerous scientists went on public record as supporting or opposing a test ban. Those
supporting a ban often included the possible, or likely, injury from fallout as a reason.
The increased public attention given fallout coincided with a shift in what was considered

the primary fallout hazard. Though the specter of genetic damage never disappeared
from view, the induction of cancer by the bone-seeking radionuclide strontium-90

became the focus of public fears. Since strontium-90 was deposited in the bone, bone
tumors (sarcomas) and, presumably, leukemia might be a consequence of its ingestion.
The ascendance of strontium-90 as the primary hazard from fallout focused renewed
attention both within and without the AEC on Project Sunshine.
Project Sunshine symbolized a growing distrust of the AEC by scientists and the

public. The AEC had evidently viewed strontium-90 as enough of a potential hazard to
set up a world-wide monitoring program, yet it had largely kept any mention of
strontium-90 from the public until after the radionuclide was mentioned in the BEAR

report. The AEC placed renewed emphasis on public relations or, as it was sometimes
put, the education of the public as to the true nature of the fallout hazard. Personified in
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Commissioner Libby, the AEC's public relations campaign sought to reassure the
public that was a negligible hazard far outweighed by the importance of weapons testing
to national security.

The growing number of scientists speaking out in public about fallout hazards

made the AEC' s efforts to minimize fallout hazards difficult. Some scientists were

critical of the AEC's slowness to release information. Many also objected to what they
saw as overly optimistic interpretations of the data by the AEC. As the fallout debate
spread at issue were not only scientific questions about the existence of a threshold for
radiation injury, but also questions about the role of a responsible scientist in a public
debate. How and to whom should responsible scientists voice their interpretations of the
uncertain scientific evidence?

The Spread of Strontium-90 and the Fallout Debate
As noted above, the members Genetics Panel had already begun to develop a
sense of responsibility for insuring that medical exposures to radiation were reduced.
During the summer of the BEAR report, the geneticists also started to show greater

interest in strontium-90 and somatic effects. The Pathology Panel report was reassuring

about strontium-90. It discussed developing an "unequivocally safe amount" of
strontium in the body. In determining this amount, it stated that visible skeletal changes
had only been experimentally observed after hundreds of roentgens, while tumors had

only been observed after at least 1,500 roentgens. The members of the Pathology Panel
stated that they would not hesitate to allow the population to accumulate one tenth of the
'Charles Dunham to Hal Hollister, 24 February 1961, University of Tennessee Radiation Archives,
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maximum permissible occupational exposure. It justified this level by relating the
lifetime dose that would be received from that body burden, approximately 20 r, to the

level of natural background radiation. Since the suggested permissible population limit
was close to the range of values for natural background radiation, that limit could be
considered safe. The 20 r limit was actually four times as high as the average value of 4.6

r derived in the Laughlin-Pullman report. Apparently, the Pathology Panel was referring
to the range of background radiation levels that existed between different altitudes and

between areas with different concentrations of radioactive minerals. Reading the
Pathology report gave one little reason to worry about Strontium-90 from bomb

tests.2

However, in the separately published reports of the pathology subcommittees, the report
of the Subcommittee on Internal Emitters contained what Newsweek called "the most
neglected passage," namely a statement that the subcommittee had not been able to reach

complete agreement on the permissible level of strontium for large populations.3
George Beadle, who had taken over as Chair of the Genetics Panel, first brought
strontium-90 to the attention of the members. Beadle's interest in the subject was sparked

by recent statements by Ralph Lapp. Shortly after the release of the BEAR report, Lapp
took public issue with the treatment of the strontium-90 hazard by the Academy

committees. Beadle noted that though internal emitters were not primarily the
responsibility of the Genetics Panel, they were interested in the subject. He suggested
that the Academy set up a new committee specifically on strontium-90. Beadle believed
that some action was imperative. He told the Panel members: "I feel strongly that Lapp

Hollaender Papers , RG 1167, box 1, folder 1.
2
Biological Effects of Atomic Radiation, pp. 39-40.
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should not be disregarded - he has been right too many times."4 Perhaps the most
notable time that Lapp had been right was his publication of the likely fallout pattern and

effects of the Bravo shot, which appeared shortly before the AEC released its own, far
less detailed, statement.

Lapp, a physicist, had been a member of the Manhattan Project, where he moved
from research associate to assistant director of the Chicago laboratory during the course

of the war. After the war, he served as science advisor to the U. S. War Department and
as Deputy Executive Director of the Atomic Energy Committee of the Department of

Defense's Joint Research and Development Board. In 1953, Lapp resigned his position
with the Defense Department and started a career as an industrial consultant and

professional lecturer and science writer. Lapp was a persistent critic of the AEC's
information policies. In June 1956, Lapp began to speak out about hazards of

strontium-90. Lapp believed that the AEC ' s statements on strontiumwhich were

wholly reassuringwere disingenuous. The official statements by the AEC on strontium
were mainly articles based on speeches by Libby and the AEC's semi-annual reports. In
an article in Science based on a speech at Northwestern University, Libby called the

possible hazard from strontium-90 at the present rate of testing insignificant. He
supported his conclusion by noting that Sunshine data showed that children's bones
currently contained only 1/1000 of the maximum permissible concentration.5 Lapp was
critical of the AEC's handling of the strontium issue for two main reasons. First, Libby's

reassuring estimate of the body burden of strontium only took into account the amount of

George Beadle to members of the Genetics Panel, 6 August 1956, Caltech Archives, Beadle Papers, box
17, folder 17.3.
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strontium deposited by tests to date. However, testing seemed likely to continue.
Indeed, Libby himself was a strong advocate of continued testing. Second, Libby
compared the current strontium burden to the occupational maximum permissible

concentration. Common standard practice in radiation protection, as exemplified by
groups such as the ICRP, was to recommend that the exposure of large populations be

kept to one tenth of the occupational standard. Libby had ignored the actual
recommended guidelines for population exposure.6
Charles Campbell, Assistant to the Executive Officer of the NAS, also became

concerned about Libby's statements on the strontium-90 hazard, particularly because
Libby's statements such as "the worldwide health hazards from the present rate of testing
are insignificant," had been reported in the press as meaning that continued testing at the

current rate would not pose a health hazard. Campbell voiced essentially the same

criticisms as Lappthat Libby had not calculated the likely body burden of strontium
assuming that tests would continue, and that he had used the occupational maximum

permissible concentration limit. Both he and Lapp agreed that continued testing might
well lead to a population-wide body burden that would equal or exceed the maximum

permissible for populations. Lapp calculated that, if the testing program continued,
enough strontium would be deposited into the biosphere and the stratosphere by 1962 to
give every person in the world the maximum permissible concentration. Campbell wrote

Willard Libby, "Radioactive Fallout and Radioactive Strontium," Science, 123:3 199 (1956), PP. 657-660,
p. 659.
6
Writer Warns on Fallout Effects," New York Times, 21 June 1956, p. 30. The article was a report
of a talk by Lapp before the Middlesex County Medical Society; Ralph Lapp, "Strontium Limits in Peace
and War," Bulletin of the Atomic Scientists, 12:8 (1956), pp. 287-289, 320.

to Libby about his concerns, sending him the draft of a note on the problem that
Campbell had submitted to Science for publication.7
Warren Weaver, although no longer a member of the BEAR Genetics Panel, kept
in touch with both Beadle and Detlev Bronk about fallout-related matters. Like Lapp and

Campbell, Weaver was developing serious misgivings about the candor of the AEC.

Weaver's particular concern was a statement by Lewis Strauss that recent tests in the
Pacific had shown that the AEC could explode multi-megaton bombs with "minimum
widespread fall-out hazard." These imagined bombs were commonly termed "clean"

bombs. Weaver believed that Strauss' statement, which was widely reported in the press
under headlines such as "U.S. Masters Nuclear Fallout," would be accepted by the public

as an answer by the AEC to the BEAR report.8 He was suspicious of the veracity of this
answer, telling Beadle "If they have accomplished something thoroughly worth while,

then this should be recognized and certified. But if this statement contains any elements
of politics or propaganda, then this should also be made clear."9 He felt strongly that the
NAS should convene a study group to investigate the basis of Strauss' statement, perhaps

issuing a small report. Beadle wrote to the panel about Weaver's concerns, noting that
Strauss' statement was "certainly of concern to us."10 Beadle agreed to get in touch with
Robert Bacher,

a Caltech physicist and former AEC Commissioner, about obtaining

7Charles Campbell to Willard Libby, 17 August 1956, National Academy of Sciences Archives, ADM:
ORG: NAS: Corns on BEAR: Cooperation w Other Organizations: Atomic Energy Commission; Charles
Campbell, "Radiostrontium Fallout from Continuing Nuclear Tests," Science, 124:3227 (1956), p. 894;
"Atom Writer Warns on Fallout Effects."
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Alvin Shuster, "Strauss Asserts Fall-out Danger Can Be Localized," New York Times, 20 July 1956, p. 1;
William L. Laurence, "H-bomb Improved by Fall-out Curb," New York Times, 29 July 1956, p. 19.
9Warren Weaver to George Beadle, 24 July 1956, Caltech Archives, Beadle Papers, box 17, folder 17.3.
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information on the claimed reduction in fallout. Bacher believed that a
security-cleared member of the panel should be able to get the relevant facts. This proved
to be an overly optimistic assumption. The AEC told Beadle that the panel would have to

make do with Strauss' public statement, as all other information was highly classified."
Many scientists expressed doubts about claims of progress towards a clean bomb
that would produce minimal or no fallout. The claims for a clean bomb, whatever their
veracity, provided a potent argument for continued testing. Only by more testing could a
clean bomb be developed and the development of a clean bomb would eliminate fallout,

one of the major arguments against testing. Shortly after the 1957 Congressional fallout
hearings, President Eisenhower announced that within four to five years the United States

could produce an "absolutely clean bomb" that produced no fallout. Eisenhower made
the statement after consulting with Edward Teller, Ernest Lawrence, and Mark Mills, all
scientists who worked on the production of nuclear weapons and supported continued
testing. Many scientists were

unconvinced.'2

Only a few weeks previously, Alvin C.

Graves, a physicist at Los Alamos National Laboratory and the test director for the
Nevada Proving Grounds, had told the Joint Committee on Atomic Energy that a
completely clean bomb was impossible, though there were ways to reduce fallout from
the

explosions.'3

The concern of some scientists about fallout and the AEC's candor in

discussing the issue became widespread when Adlai Stevenson introduced a test ban as
an issue in the 1956 Presidential campaign.

"George Beadle to Warren Weaver, 2 August 1956, Caltech Archives, Beadle Papers, box 17, folder 17.3;
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Washington, D.C.: U.S. Government Printing Office, 1957, pp. 73-85.
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Stevenson first broached the idea of a test ban on thermonuclear weapons

during the Democratic Primary campaign in April 1956. (Ultimately, the Soviet Union's
support of a test ban would make the test ban a troublesome issue for the Stevenson

campaign) AEC Commissioner Thomas Murray had publicly aired the idea of a
moratorium on testing thermonuclear weapons earlier that April before a Congressional
subcommittee on disarmament. (The only Truman appointee still on the Commission,
Murray often found himself at odds with the other Commissioners, particularly Strauss).
At that time, neither of the men publicly used fallout as a justification for a test ban.

Stevenson argued that stopping hydrogen bomb tests would improve America's moral
standing in the international community. Murray also had doubts about the morality of
the hydrogen bomb. His primary argument was that the United States should concentrate
on developing more tactical nuclear weapons, which he believed would provide a more
flexible arsenal. In a closed session of the subcommittee, Murray mentioned the potential

hazards of fallout, particularly strontium-90 as a reason to discontinue the large

tests.14

Murray also dissented with the section of the Commission's twentieth semiannual report
to Congress, which concluded that strontium-90 was not a present or potential significant

hazard at the current rate of testing.
Stevenson raised the issue of fallout hazards in the Presidential campaign,
referring to strontium-90 as "the most dreadful poison in the world." He also had the help

of scientists during his campaign. Caltech geochemist Harrison Brown had urged
Stevenson to make a test ban a campaign issue and helped write Stevenson's televised
address on a test ban entitled "The Greatest Menace the World Has Ever Known." Many

'4Divine, Blowing on the Wind, pp. 7 1-72, Hewlett and loll, Atoms for Peace and War, pp. 336-338.
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people saw the fallout issue as a key to Stevenson's argument for a test ban. A writer
for the New York Times said "Most people on both sides will agree that if the
contamination point is removed, the argument for a test ban, isolated from general

disarmament, has very little merit." He continued: "One major difficulty about the
contamination issue, however, is that experts disagree on practically everything."15
Another New York Times article noted that the public was confused because groups of
scientists supporting each side of the issue were produced almost daily by the two
campaigns.'6

Numerous scientists came out in support of Stevenson's position. Muller

called testing reckless, but claimed that fall-out from the tests was not an important issue
at the time. He stated that he was against them because of the "aggravation of war feeling
they

caused.'7

Ten Caltech scientists, including Sturtevant, publicly favored a test ban.'8

Citing the stand taken by the Caltech scientists, 73 scientists at Argonne National
Laboratory called for a test ban, both to help spur arms control negotiations and to

decrease the amount of fallout being injected into the atmosphere. William G. Cahan, a
physician at the Memorial Center for Cancer and Allied diseases, wrote a letter to Times

emphasizing the possible increase in cancer rates from fallout. In this letter, Cahan
explicitly promoted the linear hypothesis. He emphasized that, given the lack of
knowledge of the mechanisms of carcinogenesis, one would be hard pressed to say what

dose of radiation was significant or not. He also noted that fallout radioactivity might
become more concentrated as it moves up the food chain and that fallout might act in

'5Edwin Dale, Jr., "Ban on H-Bomb Tests? A Difficult Question," New York Times, 14 October 1956, p.
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conjunction with other, as yet unknown, environmental carcinogens to create a larger
risk than if considered on its own.19 In contrast, twelve scientists, including John Bugher

and Failla, came out in support of Eisenhower. Their statement said that Stevenson's
claims about strontium-90 being the "most dreadful poison in the world" were
scientifically unjustified. They also trotted out the now-standard comparison of the level
of radioactivity from fallout with that of natural background

radiation.2°

Edward Teller

and Ernest Lawrence also publicly favored testing.

Many of the scientists who spoke out on the test ban issue in the campaign called
for more intense study of the fallout problem and of open public discussion about fallout.

Twenty-four scientists from Washington University, St. Louis, stated that there was
insufficient scientific information to reach any absolute conclusions about fallout

hazards. They continued: "The outlook is, however, alarming. The situation calls for
intensive scientific study and public discussion."21 Sixty-two self-described "working
scientists" at Brookhaven National Laboratory also called for further study and

discussion of the possible hazards of strontium-90. Twenty-two scientists in the
Massachusetts Bay area called for more study and public discussion of fallout hazards,

G. Cahan, "Effects of Radioactivity: Possible Role of Its Properties in Inducing Cancer
Discussed," New York Times, 31 October 1956, P.. William G. Cahan was one of the first investigators to
show that x-rays and other forms of external radiation could cause sarcomas in non-inflamed or
non-tuberculous bones (i.e., healthy bone). He and his co-authors published their article in the first issue of
Cancer. It attracted a good deal of attention, mostly skeptical; William G. Cahan, Helen Q. Woodward,
Norman L. Higinbotham, Fred W. Stewart, and Bradley L. Coley, "Sarcoma Arising in Irradiated Bone,"
Cancer, 1:1(1948), pp. 3-29; William G. Cahan, "Radiation-Induced SarcomaSO Years Later," Cancer,
82:1 (1998), pp. 6-7.
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Stevenson 'Poison' Talk," New York Times, 21 October 1956, p. 58.
21
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which they asserted was not just a campaign

issue.22

Though none of the scientists

stated that the current strontium-90 levels were a hazard, all expressed concern that they

eventually might be. Furthermore, they pressed not only for more research, but also for
open public debate. The scientists who made public statements about possible strontium
hazards tended to be laboratory scientists rather than those in administrative positions.

Reducing Fallout
Libby and Strauss attempted to counter the growing public fears over fallout.
Speaking at the dedication of the new AAAS headquarters, Libby claimed that new
evidence showed that only 30 percent of strontium-90 in the topsoil would find its way

into human bones, rather than the 70 percent he had used in earlier calculations. He also
stated that new measurements showed that the amount of strontium-90 in the stratosphere

had not increased since the Castle test series. Based on this new evidence, Libby
concluded that the body burden of strontium-90 in the population in fifteen years would

be the same as it was currently. Libby also repeated Strauss' claim that the recent test
series had confirmed that the AEC could develop a clean bomb.23 Strauss himself
released a telegram from Shields Warren in which Warren claimed that strontium-90
levels were a minute fraction of the permissible level and that, as such, national security,

worries about fallout should not determine the desirability of bomb testing. Warren
asserted that falling behind the Russians in the arms race would be "disastrous," while

allowing them to catch up would be "stupid." Strauss stated that fears of fallout were
22
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simply the result of Soviet propaganda and that radioactivity was only "a vague,

unproven danger to generations yet unborn"essentially dismissing the BEAR Genetics
report.24

Libby undoubtedly tried to put the possible hazards of fallout in the best possible

light. Attacked for using the occupational permissible dose, rather than the commonly
recommended reduction by a factor of ten for populations, he privately expressed doubts

that the difference in limits was justified. In conversations with Charles Dunham and
Gordon Dunning, a staff member of the Division of Biology and Medicine, Libby
expressed concern that the recommended population limit might have been unduly

influenced by genetic or other inappropriate considerations. In response, Forrest
Western, a health physicist for the AEC, sent Libby a lengthy memorandum outlining the

history and justification for the lower limit. Though genetic considerations were
mentioned, the primary reasons for the lower population limit were the lack of a
conclusively demonstrated threshold for somatic effects and the fact that the general
population included children, the elderly, and people in widely varying degrees of
health.25

By May 1957, Libby began to make the distinction between occupational and

population limits.26

Libby also attempted to bring out any possible benefits from fallout testing. In a
memorandum to Strauss entitled "Up-to-date Arguments for Testing Program," Libby

23
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stated "World-wide fallout, despite its bad aspects, has a few good

ones."27

One of

these good aspects was the increased opportunity to learn about the interior of the earth

from the seismic effects of the explosions. According to Libby, Seismology had been
"re-made" by the advent of nuclear testing. Similarly, the spread of fallout through the
atmosphere created, in effect, a giant tracer experiment for learning about the circulation

of the atmosphere. Libby would later tout this benefit in the article, "Fallout Helps
Weather Studies."28 Libby also suggested that underground explosions might produce
enough molten rock that steam might be extracted to make atomic power. Libby
reminded Strauss that Edward Teller and other scientists at the Livermore weapons
laboratory had proposed using nuclear explosions for large earth-moving projects, such

as excavating canals (this would later become an official AEC initiative). Libby
concluded his memorandum by optimistically stating: "It is certainly fair to say that
continued testing will have peaceful applications and, from it, we will learn ways in
which to directly benefit ourselves and all mankind."29
In addition to pointing out the numerous benefits for scientific research arid
industry, Libby did what he could to discover ways to reduce potential harmful biological

effects and to investigate the possible beneficial biological effects of radiation.
Harkening back to early twentieth-century beliefs about radiation, Libby requested a
report from Dunham on the possible stimulating effect of radiation on biological systems.

The report, prepared by Paul Henshaw, was not encouraging. It concluded that the few

27WilIard Libby, "Memorandum for the Chairman," 27 November 1957, NARA II, AEC, Libby Papers,
box 7, folder Weapons Testing Limitation.
Willard Libby, "Fallout Helps Weather Studies," Atomics and Nuclear Energy, 9 (1958), pp. 236-237,
245.
29Willard Libby, "Memorandum for the Chairman," 27 November 1957.
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studies that existed purporting to show beneficial effects from low-level radiation

were only mildly positive at best. In particularly, Henshaw mentioned that often an
apparently beneficial effect on longevity was due to the reduction in infections in the

experimental populationa point also noted by the BEAR Pathology Panel. Henshaw
concluded that the seven studies he found which seemed to suggest a possible positive
effect had little meaning other than to provide a motivation for future research.3°
Libby also sought to demonstrate that adding other minerals to
strontium-contaminated soils could render a large part of the strontium insoluble, thus

reducing the uptake by plants, and eventually, by humans. Frustrated by his inability to
persuade a soil scientist to undertake experiments that would justify his hypothesis, Libby

gathered soil from a local garden at the Geophysical Laboratory of the Carnegie

Institution in Washington D.C. Using four pots of soil and some radish seeds, Libby
conducted an experiment which he believed showed that the addition of potassium to
contaminated soil would reduce the uptake of strontium-90 by plants by approximately

40 percent.3' This was apparently the "new evidence" mentioned in his speech at the
AAAS headquarters dedication that led him to state that strontium uptake in human bones

would be only 30 percent of that found in the soil rather than his previously estimate 70

percent. Libby's short note in Science on his experiment received a scathing review by
L.A. Romo, who did not believe Libby's experiment provided any grounds for a valid

conclusion. Romo said that Libby's use of a simplistic ABCD experiment (referring to
the labels Libby had given his four pots) "to arrive at conclusions which have a direct
30Charles Dunham to Willard Libby, "Radiologic Stimulation," 10 December 1957, NARA II, AEC, Libby
Papers, box 4, folder Division of Biology and Medicine.
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bearing on the health of all mankind should be a question of great concern to all
responsible people."32 Libby responded that he hoped his work had more scientific value

than Romo implied and he pleaded for soil scientists to undertake more extensive
investigations of his hypothesis.33

Members of the Joint Committee of Atomic Energy expressed concern over the

Eisenhower Administration and the AEC's evaluations of the strontium hazards, also
suggesting that the BEAR Pathology Panel had been less than objective in their

discussion of strontium-90. Noting that the British counterpart to the BEAR report had

adopted a less sanguine view of the strontium hazardit had not assumed a threshold and

had used the recommended reduced exposure limit for populationsit was suggested
that the NAS should re-evaluate the hazard and add some new faces to the Pathology
Panel so that it was not dominated by AEC scientists. The name of Project Sunshine was
deemed ironic, as "truly a cheerful name for such a deadly agent, as if it were a
tranquilizer."34

Libby attempted to get the NAS to update the BEAR report, presumably

hoping that a new authoritative report would be reassuring enough to quell public fears.

Libby, to his frustration, was unsuccessful in prompting a re-evaluation by the NAS. He
complained that the BEAR subconmiittees, which were still meeting periodically, just

'

Willard Libby, "Beneficiation of Soils Contaminated with Strontium-90: Beneficial Effects of
Potassium," Science, 128:3332 (1958), pp. 1134-1135.
32LA Romo, "Beneficiation of Soils Contaminated with Strontiurn-90," Science, 129:3353 (1959), pp.
864, 866, p. 866.
Willard Libby, "Beneficiation of Soils Contaminated with Strontium-90," Science, 129:3353 (1959), pp.
866.
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continued to study the problem without writing up another report (the BEAR
Committee would eventually update their report in 196O).

Numerous individual scientists, as well as the Federation of American Scientists

(FAS), continued to challenge Libby's presentation of the hazards of strontium-90. In
addition to repeating the criticisms of Campbell and Lapp that Libby had inappropriately
used the occupational permissible dose and had not taken into account continued testing,
the new round of criticism emphasized the misleading nature of Libby only expressing

his estimate of the human body burden in terms of the population average. Walter
Selove, a physicist at University of Pennsylvania and the head the Federation of
American Scientists Radiation Hazards Committee, issued a report on strontium-90

hazards. Selove would also serve as a technical advisor for the Joint Committee on
Atomic Energy for the 1957 fallout hearings and testify at those hearings. The report
noted that, according the to NAS Pathology Panel report, in geographical regions where
the calcium content of the soil was low, the uptake of strontium-90 would be

correspondingly higher. Thus, though the worldwide average concentration of
strontium-90 in humans might be well below the maximum permissible exposure, people

in areas with particularly low-calcium soil might already exceed the permissible

limit.36

The statement concluded that Libby was "very optimistic" about the possible hazards of

fallout. W. 0 Caster, of the University of Minnesota Department of Physiological
Chemistry, voiced the same criticism. Caster would later serve on a Minnesota State

Willard Libby to Lewis Strauss, et al., enclosure: draft of letter to Detlev Bronk, 21 February 1957,
NARA II, AEC, E-67B, box 47, folder Radiation, volume 3; Transcript of 1290th AEC Meeting, 18 June
1957, p. 23, NARA II, AEC, E-67B, box 47, folder Radiation, volume 3; Willard Libby to George Beadle,
7 June 1957, NARA II, AEC, Libby Papers, box 8, folder Sunshine Correspondence, Beadle.
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Radiation Comniittee that investigated high levels of strontium-90 in wheat. In a
Science article, Caster noted that scientifically speaking, the population average, or
mean, did not represent the maximum value that people would receive. Rather, the mean,

by definition, meant that 50 percent of the population would exceed that value.37 A
Washington Post article reporting the conclusions of the Federation of American

Scientists' press release also carried a statement from nineteen scientists at the AEC's
Atomic Energy Project at the University of Rochester. These scientists, including
William Neumann, chief of the Project's biochemistry section, called the Eisenhower
Administration's defense of H-Bomb testing confused and oversimplified. Neumann
was bewildered as to why the newspapers thrust him into the spotlight in connection with

the Rochester statement. Articles mistakenly referred to him as the "top researcher" at
the Rochester Project, giving the impression that he was the director. The article also
included a statement from Sturtevant who declared that the strontium hazard was greater
than his BEAR Panel was led to believe and that their estimation of the hazards from
fallout should be revised

upward.38

Part of Libby's strategy to mollify scientists' criticisms of the AEC public
statements on fallout was to invite them to meet with him personally in Washington. At a

Project Sunshine meeting in 1957, he discussed how he had handled criticisms of the
AEC during the election campaign:

36

"Scientists' Committee Issues Report on Radiation Hazards from Strontium-90 through Fallout Caused
by H-Bomb Tests," 25 October 1956, American Philosophical Society Library, Neel Papers, committees,
NAS Radiation Committee.
37W.O. Caster, "Strontium-90 Hazard: Relationship between Maximum Permissible Concentration and
Population Mean," Science, 125:3261 (1957), pp. 1291-1292.
38Warren Unna, "Experts Dispute Ike on Fallout," Washington Post and Times Herald, 26 October 1956, p.
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When those who were criticizing were scientists, whenever possible they have
been invited to visit Washington and discuss their criticisms in detail. In
many cases their criticisms were not only answered but it was possible to
enlist their assistance in the Sunshine program, so that these people are
proving to be a source of strength.39

Libby would often continue to solicit their opinions on various fallout-related issues, as
he had with Theodore Puck, perhaps in an effort to shift the expressions of their criticisms

to a personal rather than public venue. This is the approach that Libby took with

Neumann. Shortly after the report of Neumann's comments, Libby invited him to
Washington to discuss the matter. Libby then made a point to keep in contact with
Neumann and ask for his opinions on scientific issues related to

strontium-90.4°

Neumann was happy to cooperate with Libby, though he told Libby several times that,
due to his views on the strontium hazard, he believed that some kind of international

control of weapons testing was needed.4' In letters to Libby and at the 1957 fallout
hearings, Neumann testified that, at the very least, a testing limit of 2.2 to 4.5 megatons
per year should be imposed.42
Neumann also brought up with Libby the issue of how to publish the strontium

data. Shortly after their Washington meeting, Libby told Neumann that he planned to
make another downward revision of his estimate of the strontium body

burden.43

Most of

the Sunshine data had been gathered from leftover sections of bones removed in

"Draft Remarks Made by W.F. Libby to Sunshine Group on Monday, Feb. 4, 1957," NARA H, AEC,
Libby Papers, box 8, folder Sunshine meeting.
°
William Neumann to Willard Libby, 26 November 1956, NARA II, AECfRadioactive Fallout, box 8,
folder Committee on Operation Sunshine, 12/19-20/56.
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Neumann to Willard Libby, 2 July 1957, NARA II, AECfRadioactive Fallout, box 8, folder
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surgeries, primarily ribs. Some of the Sunshine data suggested that in adults, whose
bones had already formed, certain bones, such as ribs tended to undergo more rapid

calcium replacement and thus developed higher concentrations of strontium. Libby
wanted to reduce his estimates to get what he believed was a more accurate estimate of

the body burden for the whole skeleton. Neumann urged Libby not to do this:
I believe you would be very ill-advised to 'correct' or 'normalize' original
data. You leave yourself open to the criticism that you are attempting to
bias the picture. It is permissible to discuss the reasons you think values as
reported might be somewhat misleading, but I personally would report the
data as recorded.
Neumann also urged Libby not to overemphasize average values. He believed that the
range of values itself was an important part of the picture. C.L. Comar, the Chief of
Biomedical research at Oak Ridge National Laboratory, agreed with Neumann that Libby

should report the actual rib values rather than correcting them for whole body estimates.
Comar' s rationale was that if the induction of tumors was related to the localized
concentrations of strontium, which seemed likely, then the higher rib values would give a

truer picture of the potential injury.45 Libby partially adopted their suggestions. In his
next publication on strontium-90, he gave a general discussion of the probable variation

between rib values and whole skeleton values. He estimated that the rib values might be
four times as great as the whole-body average. He also provided an estimate of the
likelihood that an individual would exceed the average body burden. Libby did not

43Willard Libby to Cyril Comar, 13 December 1956, NARA II, AECIRadioactive Fallout, box 8, folder
Committee on Operation Sunshine, 12/19-20/56. In his 18 December 1956 letter to Libby, Neumann
mentioned receiving a copy of the 13 December 1956 letter to Comar.
William Neumann to Willard Libby, 18 December 1956.
Cyril Comar to Willard Libby, 9 January 1956, NARA II, AEC/Radloactive Fallout, box 8, folder
Committee on Operation Sunshine, 12/19-20/56.
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provide any data on the actual range of values from the rib data. Rather, he
emphasized that work was underway to get more whole skeleton

values.46

Both Neumann and Comar also attempted to check another of Libby's attempts at

providing reassurance about the strontium-90 problem. One of the pathways for human
ingestion of strontium-90 was milk. Libby wrote to Dunham, with copies to Comar and
Neumann, about the possibility of reducing the human absorption of strontium by adding

calcium gluconate to milk, reasoning that if the milk was already saturated with calcium,

it would pick up less strontium. He asked if any of the recipients knew of a reason to

doubt his conclusion: "It seems to me," he continued, "that there is no possibility that it
could be wrong, but I wonder whether we should not do some animal experiments to firm

it up."47 Libby suggested that they should make a quiet public announcement about the
stronitum-90 reduction technique at an appropriate time. Both Neumann and Comar
cautioned against rushing ahead with the idea, raising questions about how much the
calcium content would need to be increased to obtain a significant discrimination against
strontium, the nutritional effect, the need to solicit the views of pediatricians and the milk

industry, and the public reaction to tamper with a food as "sacred" as milk.48
The publicity given fallout hazards in the 1956 Presidential campaign marked the

beginnings of widespread polarization within the scientific community over the issue of

fallout and low-level radiation hazards. Comar and Neumann's cautions to Libby to
guard against the appearance that he manipulated the strontium data proved

Willard Libby, "Radioactive Fallout," Proceedings of the National Academy of Sciences, 43 (1957), pp.
758-775, Pp. 765-769.
47Willard Libby to Charles Dunham, et al., 6 February 1957, NARA II, AEClRadioactive Fallout, box 8,
folder Committee on Operation Sunshine, 12/19-20/56.
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well-founded. Many scientists outside the AEC network cam to mistrust the honesty
and objectivity of the AEC. Both the Federation of Atomic Scientists and the National
Committee for a Sane Nuclear Policy (or SANE, an organization which included, but was

not limited to, scientists) released statements detailing examples of AEC bias in

interpreting fallout hazards. Both attacked the AEC for not living up to scientific
standards of objectivity. These standards included presenting all relevant data, providing
balanced evaluations of the data by stating the range of permissible, even if extreme,

interpretations, and engaging in open discussion of the issues. Both the FAS and SANE
statements mentioned the improper use of the occupational maximum permissible limit
and the AEC's failure to disclose the extent of the possible strontium-90 hazard until after

the publication of the NAS and British radiation reports. The FAS statement added to

their complaints the AEC's long denial of a genetic hazard. Both the FAS and SANE
noted that the AEC often had avoided releasing any information about fallout until

disclosure of similar information from an independent source. The AEC' s long delay in
releasing at statement about fallout from the BRAVO shot, until forced to do so by Ralph

Lapp' s estimates of the effects, was used as a prime example. The SANE statement
concluded that "the AEC's evaluation of the fallout hazard has not been based on the
standards of objectivity and candor that are customary in scientific matters."49 The FAS

Neumann to Willard Libby, 11 February 1957, NARA II, AEClRadioactive Fallout, box 8,
folder Committee on Operation Sunshine, 12/19-20/56; Cyril Comar to Charles Dunham, 15 February
1957, NARA II, AECfRadioactive Fallout, box 8, folder Committee on Operation Sunshine, 12/19-20/56.
'
Charles C. Price, Chairman, Federation of American Scientists, to Willard Libby, 25 March 1958,
enclosure: "The Atomic Energy Commission and Nuclear Testing Information," NARA II, AEC, Libby
Papers, box 9, folder Sunshine correspondence miscellaneous.
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stated: "These examples illustrate the charge that the A.E.C. has not used proper
scientific objectivity in releasing information..
One of the primary reasons given for declaring that the AEC was not living up to

scientific standards its reluctance openly discussed fallout in public. Barry Commoner
asserted that scientists had a duty to give the public as much information as possible on

fallout hazards so that informed, fully democratic choices could be made. He called the
fallout problem an example of the interaction between the advances of science and the
conditions of society.51 Commoner was a founder of the Greater St. Louis Committee for
Nuclear Information, a group of scientists and non-scientists whose expressed purpose

was to "democratize" information on fallout and other nuclear issues.52 Many of the
scientists who spoke out during the Presidential campaign included calls for open
discussion of fallout hazards.

Discussing Fallout
As the fallout debate became more multi-disciplinary in nature, the question of
availability and dissemination of information within the scientific community also

became an issue. In his correspondence with Libby, Neumann told him, "I feel very
unhappy about rendering opinions on these matters. It is all too apparent to me that there
exists a great deal of original data with which I am unfamiliar."53 Neumann suggested to

°
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Libby that the AEC put together a compendium of all relevant data for the use of the
scientific community at large. Commoner also complained about the lack of a system for
providing detailed, comprehensive data related to fallout in a form that was accessible to

the entire scientific community. This failure, he believed, explained much of the
difficulty in fonning scientific opinions on fallout hazards, as the fallout question had not

yet "become an integral part of the freely flowing stream of information which is the
vehicle of scientific progress."54 Of course, complaints about the dissemination of

information by the AEC also focused on the outright withholding of data, as exemplified
by Project Sunshine.

The upper administration of the AEC certainly deserved at least some of this
criticism. Strauss' penchant for secrecy and his strong belief that testing was necessary to
deter Communist aggression has been well

documented.55

Libby was a strong advocate

of nuclear testing as well. The above discussion of his efforts to quell public fears about
strontium-90 clearly shows his desire to minimize fallout hazards with ad

hoc

justifications and highly speculative scientific conclusions. (It is interesting to note that
Linus Pauling, widely viewed as an overly-speculative partisan for a test ban, also came
up with the idea of adding calcium to milk to protect against strontium-90.56) Shields
Warren, whose Pathology Panel was accused by some of being a lapdog of the AEC, was

also strongly in favor of testing, as evidenced by the telegram which Strauss released.
However, in many cases, disciplinary influences are also evident. In discussion about the
low-level radiation effects associated with fallout during the closed Pathology Panel

Barry Commoner, "The Fallout Problem," p. 1025.
See, for example, Herken, Brotherhood of the Bomb.
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meetings, much of the basis for Warren's views on fallout seemed to rest on
disciplinary considerations. His own work had provided much of the strongest evidence
for life-shortening due to radiation. He had published the work with the admitted
apparently linear dose-effect relationship. The apparent linearity perplexed both him and

other members of the panel. Their suspicion of the relationship and their attempts to
explain it away rested on the deep-set belief that somatic effects had a threshold and a
mild distrust of evidence that primarily consisted of statistical correlations, not
uncommon among physicians of the time.
Much of the frustration over the fallout controversy shown by scientists such as
Bugher, Warren, Brues, and Libby (though Libby, of course, was not a physician) seems
to have been based, in part, on their sincere scientific opinion that fallout was not
particularly harmful, yet was being publicly portrayed as such in order to halt or limit

weapons testing. They believed that people had been made overly fearful of radiation,
which they found perplexing, since more was known about the possibly harmful effects
of radiation than almost any other man-made hazard, such as industrial chemicals and

chemicals in pesticides. During the fallout controversy, DDT was still widely used in
homes, on beaches, crops, etc. This insight perhaps provided some of their motivation for

comparing the hazards of low-level radiation to other commonly accepted risks. Some
geneticists, such as Joshua Lederberg, persistently pushed for greater recognition of

chemical hazards during this time period. Reflecting on the fallout controversy, James

56Ljnus Pauling, "To Combat Strontium 90: Addition of Calcium Compounds to Diet is Advocated," New
York Times, 13 September 1959, p. ElO.
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Crow recently stated that he now believes the geneticists did over-emphasize the
hazards of radiation at the expense of public awareness of other health hazards.57
Just as some scientists believed that scientists had a responsibility to provide the
public with all available information about possible fallout hazards in the interests of
democratic principles, which were also perceived to undergird the success of the
scientific enterprise, other scientists believed it was scientifically irresponsible to scare
the public unnecessarily, particularly about issues that were still highly uncertain within
the scientific community and which, due to their disciplinary perspective, they believed

were unlikely to prove particularly harmful. In an internal AEC proposal to voluntarily
limit testing written by Libby in between the release of the BEAR Report and the 1956
campaign, Libby discussed those in opposition to testing:
They are just plain scared. I must say that I do not like the thought that my
children will have strontium 90 in their bones, as much as I know about
the subject, and know how harmless it is. I think this is the main reason
that these people are behind the move to ban the tests.58

Libby recognized the almost inherent psychological fear among the public regarding

radiationhe felt some of it himself. Yet, the conjunction of his scientific opinion that
low-levels were basically harmless, combined with concerns about national security, led
him to view the responsible course of action to be the one of educating the public to the

true nature of the fallout hazardthat it was really not a hazard and certainly not one that
outweighed the importance of testing.
This responsibility of not inducing unreasonable fear harkens back to the worries
of Brues and others in the late 1940s that radiation panic in a nuclear war would lead to
57Personal communication from James Crow, 6 April 2003.
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casualties which could have been prevented by a calmer public. This attitude still
exists today. In Congressional hearings soon after 11 September 2001, Representative
Shays opened hearings on "Risk Communication: National Security and Public Health"
by stating:

Anthrax is not contagious. Fear is. For the terrorist, it is a potent force
multiplier, capable of amplifying a minor, manageable outbreak into a
major public health crisis. Driven by fear alone, hordes of the "worried
well" could overwhelm emergency rooms and clinics, impeding diagnosis
and treatment of the genuinely ill.. .The only antidote to terrorism's toxin
of fear is the truth.59
As mentioned earlier, the medical community in the 1950s expressed similar concerns
about what they viewed as irrational fears of radiation. Part of their reaction to the release
of the BEAR report stemmed from their belief that public health would suffer from fear of

radiological procedures that were of unquestioned over-all benefit relative to a slight risk.

One of the problems that physicians believed they would have to deal with was the

radiophobe, "patients obsessed with a probably groundless fear of overexposure."60
While political beliefs and occupational interests should not be discounted in examining
the manner in which many scientists engaged in the fallout debate, neither should the
influence of their scientific beliefs and disciplinary affiliations. At times, some judged the

possible negative consequences of speaking out as scientists on highly uncertain

scientific issues as irresponsible. Democracy and consensus within the scientific
community should at times, some might argue, precede democracy and consensus in the
broader public sphere.
58

"Study Proposal by Commissioner Libby Concerning Limitation on Weapons Testing," NARA II, AEC,
E-67B, box 48, folder Radioactive Fallout.

481

A letter from Warren Weaver to Merril Eisenbud about an article by Eisenbud
on strontium-90 and Project Sunshine, which was based on a speech by Eisenbud at the
Washington Academy of Sciences shortly after the Presidential elections, demonstrates
some of the difficulties scientists had in finding the scientifically responsible path during
the fallout controversy.61 In the opening part of the letter, Weaver said that he had been

trying to contribute in a useful and decent way to the problem of radiation risk. Yet, for
the past few months, he had turned down numerous offers, including one from CBS

News' Mike Wallace, to speak publicly about radiation risks. Weaver asserted that he
considered himself a friend of the AEC and considered most people connected with the
AEC as intelligent, reasonable, and honest. However, he continued, he deplored many of

the things the AEC did and said with regard to the fallout debatespecifically, he
believed the AEC public relations policy was far too defensive and exhibited far too little

candor. He noted that given the AlEC's power to classify material, it was inevitable that
some of its staff would think that some matters were so complicated and technical that

they would be misunderstood by the public. Thus, since statements about complex
scientific subjects would therefore serve no constructive purpose, it was best to issue
reassuring statements. Weaver said that he believed that all information, however messy,

should be given to the public. He had faith that the average citizen would make the

reasonable choice. Weaver then got to the main point of his letter. After reading

59U.S. Congress. House of Representatives. Committee on Government Reform. Subcommittee on
National Security, Veterans Affairs and International Relations, Risk Communication: Public Health and
National Security (Washington, D.C.: U.S. Government Printing Office, 2002), p. 1.
°
I. Phillips Frohman, "Role of the General Physician in the Atomic Age," p. 965.
61
Merril Eisenbud, "Global Distribution of Strontium-90 from Nuclear Detonations," The Scientific
Monthly, (May 1957), pp. 237-244.

482

Eisenbud's article he wondered "why you say what you do

or say it in the way you

do."62

Weaver had several criticisms of Eisenbud' s presentation of the strontium-90

information. Many were aimed at small turns of phrase or the absences of particular
qualifiers. Weaver complained that Eisenbud did not put the total area sampled in the
context that it represented only 3 x

i044

of the earth's surface, and that this was like the

Gallup Poll producing a poil of global opinion by interviewing one person every three
million years. He took issue with Eisenbud' s use of the word "certain" in several places,

asking what the justifications for such expressions of certainty were. He also berated
Eisenbud for calling many of his estimates conservative estimates. According to Weaver,
"the conservative assumption is, in fact, that a) we know little about these matters, and b)
they may turn out to be desperate."63 Weaver concluded by asking Eisenbud if he felt

happy about his "Pollyanna" assurances. Unable to resist a postscript, he took Eisenbud
to task for assuring the public that fallout was only a small percent of natural background

radiation or no more than the additional radiation exposure gained from living in Denver

as opposed to the coast. Weaver asked rhetorically, "Suppose a man is standing in water
right up to his nostrils; and we tell him that a project we have in mind will only increase
the height of the water by

7%M Eventually, Weaver discussed the letter with Eisenbud

over a long lunch. Weaver reported to Bronk that, much to his surprise, Eisenbud had
agreed with everything in Weaver's letter, including the criticisms of his paper. Eisenbud
offered only the defense that the article was a somewhat popular piece and not a definitive
62Wen Weaver to Merri! Eisenbud, 2 June 1957, National Academy of Sciences Archives, ADM: ORG:
NAS: Corns on BEAR: Effects of Strontium-90: AEC Comments, p. 2.
63Wen Weaver to Merril Eisenbud, 2 June 1957, p. 3.
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scientific report.65 Weaver was also surprised to hear Eisenbud say that he thought the

Congressional fallout hearings were serving a useful purpose, largely because the
participants were discovering that they agreed on much more than they had thought,
though they were publicly portrayed as being very far apart on the issues.

Weaver's letters to and about Eisenbud reveal some of the difficulties that
stemmed from the highly public nature of the debate. Though Weaver believed in
creating an informed public, he himself had largely withdrawn from public discussion.
He had refused to sign a petition for a test ban by Linus Pauling, though he largely agreed

with it, because of his misgivings about how it would be publicly interpreted. For his
part, Eisenbud agreed that his article lacked some qualifications, contributing to its

reassuring tone. He ascribed this shortcoming to the hazards of popularization. Weaver
himself certainly realized the difficulties in the popular communication of scientific

information. He had been acutely aware of the difficulties in the writing of the Genetics
report. In a Science editorial, he discussed the problem in terms of communicative
accuracy, admitting that many qualifications that would be included in a communication

meant for a scientific audience had to be left out when addressing the general public. In
Weaver's view, the key to communicative accuracy lay in adopting the point of view of
the intended audience and stating one's case in a way that will be properly interpreted by

that audience. The inaccuracies inherent in a less-qualified statement must not be
misleading inaccuracies; that is, they must not obscure the fundamental "correct

64Wen Weaver to Merril Eisenbud, 2 June 1957, p. 4.
Warren Weaver to Detlev Bronk, 12 June 1957, National Academy of Sciences Archives, ADM: ORG:
NAS: Corns on BEAR: Cooperation w Other Organizations: Atomic Energy Commission.
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understanding."

The difficulty still remained as to how to judge what the "correct

understanding" was. Scientifically, this largely rested on judgments of what was
probable versus what was possible. Given the uncertainties of fallout science, virtually
any interpretation was possible. As Weaver's letter shows, he had come to believe that
fallout was likely to pose a significant hazard. His example of the man standing in water
seems to reflect his adoption of Muller's genetic load argument. In many ways, the
judgment of what was probable versus possible rested on one's scientific approach to the

problem which, in turn, was often influenced by one's disciplinary background or, in

Weaver's case, what disciplinary approach one became sympathetic towards. After the
1956 Presidential campaign, the scientific debate over fallout turned towards somatic

effects. Disciplinary differences played a central role in how scientists evaluated the
probability that low levels of radiation would significant somatic injury.

Warren Weaver, "Communicative Accuracy" Science, 127:3297 (1958), p. 499.

485

Debate over Somatic Effects
As previously mentioned, physicians eventually acquiesced to geneticists' views
on the nature of heritable genetic injury. Though many other disciplines were becoming
involved in research related to genetics during the 1950s and medicine was taking more
note of the field, geneticists still largely maintained their position as the expert authorities

on the subject. Debates over the somatic effects of low-level radiation were far more
contentious. The somatic mutation hypothesis was hotly contested within the network of
cancer researchers during the 1950s. However, until the fallout debate the debate over the

somatic mutation hypothesis and its implications for the existence or non-existence of a

threshold for cancer remained largely within the network of cancer researchers. This
began to change as the fallout controversy progressed. As noted earlier, the debate over
the hypothesis became the central point of discussion at the symposium on radiation

protection at the 1956 Radiological Society meeting. By late 1957, the debate over a
threshold and the somatic mutation hypothesis had spilled out into the wider scientific

community and the public. One of the main reasons for this spread was a paper
published that year by a geneticist.

In May, 1957, the Caltech geneticist Edward B. Lewis published one of the

seminal papers of the fallout controversy, "Leukemia and Ionizing Radiation." In the
paper, he held that it was probable that the induction of leukemia by radiation was linear.

Published in Science a month before the first Congressional hearings on fallout, and
supported by a strongly-worded editorial by Graham DuShane, the editor, Lewis' paper
was widely available and widely referred to by scientists and lay people alike. The paper
supported the argument that somatic, as well as genetic injury, occurred with even the
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smallest amount of radiation exposure. Lewis suggested that the somatic mutation
hypothesis was a likely mechanism for carcinogenesis. Unsurprisingly, the paper was
roundly attacked by many members of the medical profession, most notably Austin Brues

along with most, if not all, of the other members of the Pathology Panel. Despite the
disapproval of many in the medical community, Lewis' paper became the basis for many
scientists' public pronouncements about the somatic effects of low-level radiation.
Along with the 1956 BEAR report, the paper was one of the more important documents in

the fallout debate. In addition to serving as a lightening rod for the public controversy,
Lewis' paper also helped to shape the direction of planned research on radiation effects,
though because of the difficulties presented by many of the studies considered, this
planned research was not always carried out.

Geneticists and Somatic Injury
After the 1956 presidential elections, the Genetics Panel paid increased attention

to strontium-90 and possible somatic effects. During a December 1956 meeting, the
geneticists spent considerable time discussing strontium-90 and the possibility that the
widespread deposition of radionuclides might increase the incidence of cancer. In the
discussion, the geneticists generally assumed that there was a significant probability that
the induction of cancer, specifically leukemia, was linear and that it might well result
from somatic mutations. Some members of the panel, such as Muller, had postulated this

for years. The non-geneticists on the panel, Warren and Failla, believed that a threshold
was more likely. Though Failla's paper on life-shortening and cancer, discussed above,
did ascribe a role to somatic mutation in carcinogenesis, it also implied a threshold, as a
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large number of cells would have to mutate in order to provide the necessary tissue

disarrangement for cancerous growth to occur. As Failla put it in a discussion of his
paper at the meeting, the heart of his concept was "irreparable change plus

terrain."1

Though linearity seemed to imply somatic mutation as a likely mechanism, the reverse
was not necessarily true.

Warren's attendance and active involvement in the December meeting may have
stemmed from a growing concern among members of the Pathology Panel about the

deliberations of the Genetics Panel. (Though officially a member of the Genetics
Committee he had hardly attended any of the meetings leading up to the BEAR

reportonly showing up for the beginning of the first meeting.) In July 1957, shortly
after the publication of Lewis' paper, Austin Brues asked Charles Campbell if he thought

the Genetics and Pathology Panels should have a joint meeting. Brues regretted that
many of the members of the various BEAR Committees had not been able to debate the

issues involved until the Congressional Hearings. Speaking specifically about the
Genetics Panel, he said: "I fail to see anything but grief for the future as long as that
group continues to operate in the dark and assume authority in matters which are better
understood by the Pathology Committee."2 The panels did take steps to increase their

awareness of what the other was doing. A geneticist began to sit in on meetings of the
Pathology Panel and the committees began to exchange the minutes of their open and
closed meetings. Occasionally, the Pathology Panel, at least, made some deletions before

Minutes of the National Academy of Sciences Committee on the Genetic Effects of Atomic Radiations
Held in New York City, December 1-2, 1956, Caltech Archives, Sturtevant Papers, box 12, folder 12.2, p
12.
2

Austin Brues to Charles Campbell, 19 July 1957, National Academy of Sciences Archives, ADM: ORG:
NAS: Corns on BEAR: Pathologic: Subcom on Internal Emitters: General.
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distributing the minutes to the Genetics Panel. For example, they deleted their critical

remarks about Linus Pauling's test-ban petition; only correspondence directly related to
research was included.3

During the Genetics Panel's deliberations, Warren and Failla clearly tried to
impress upon the geneticists that a threshold for somatic effects was likely. Undeterred,
the geneticists consistently focused on the possibility of a linear relationship. In response

to Crow's query about whether or not there was evidence for or against a threshold,
Muller replied that at a recent meeting of a World Health Organization conference on the

biological effects of radiation, it was reported that there was a linear relationship without

a threshold. Warren interjected that some data showed an increased survival at 100 r to
200 r, though there was a linear increase above 200 r. He cited a study by Court-Brown
on leukemia in patients that had been irradiated for arthritic spines as indicating that 500 r

was the minimum effective dose. This was actually simply the lowest dose that any of the

patients in the retrospective study had received. Sewall Wright added that Court-Brown
had favored the likelihood that the relationship was linear without a threshold. Beadle,
who had brought a preliminary draft of Caltech geneticist Edward Lewis' paper on the
relationship between leukemia and radiation exposure to the meeting, added that Lewis

estimated that the relationship was linear. Warren and Failla continued to explicitly and
implicitly defend the threshold concept. When the geneticists began to call for more
studies to determine whether cancer was caused by mutation and whether the effect was
linear, Warren agreed by stating that they needed to determine how much radiation could

be given without producing tumors, and how much exposure was necessary to produce a

489

tumor.

Failla proposed increasing the maximum permissible concentration for

strontium-90 by a factor of almost four, noting that studies of the radium dial painters and

other groups exposed to radium showed that it required about 2,000 r to produce tumors.4

Beadle distributed copies of Lewis' paper to the panel. Those who later
commented on the paper reacted favorably. Muller regretted that he had not had time to

fully read Lewis' "very significant article" at the meeting. After reading the article,
Muller believed that the Genetics Panel needed to reconsider the strontium-90 problem.
If Lewis was anywhere near right, Muller stated, then the number of added cases of

leukemia would be a "fairly heavy price to pay" for continued testing. He believed that
the public needed to know about Lewis' results.5 Neel's only criticism of Lewis' paper
was that the maximum estimated dosages he had used for the Hiroshima and Nagasaki

survivors was "quite maximum." Lewis had based his estimates on data from the
AEC-published The Effects of Atomic Weapons. Neel told Lewis that new
distance-dosage curves had recently been declassified and that he and William Schull,
who had seen them before declassification, had used them in their soon-to-be-published
monograph on the ABCC study (Lewis used the new distance-dosage curves in the final
paper).6

Otherwise, Neel could not find a flaw in Lewis' argument. Perhaps due to his

close connections with the medical community, Neel recognized the controversy which

Lewis' paper would cause. He told Lewis:

3Eugene Cronkite to Members of the Subcommittee on Acute and Long-term Hematological Effects of
Atomic Radiation, 25 September 1957, CIC, document no. NV0702293, p. 3.
Minutes of the National Academy of Sciences Committee on the Genetic Effects of Atomic Radiations
Held in New York City, December 1-2, 1956, pp. 6-9.
Flermann Muller to Genetics Panel, 5 December 1956, American Philosophical Society Library, Neel
Papers, committees, NAS Radiation Committee.
6
James Neel to Edward Lewis, 5 December 1956, American Philosophical Society Library, Neel Papers,
correspondence, box Lew-Li, folder LEW.
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You are undoubtedly in for a very interesting time when this is
published--as note the headlines created by Pauling' s remarks which I
presume were a clear paraphrase of this paper. Congratulations on a nice
job.7

Neel's prediction proved to be correct. Lewis' paper would not only attract the ire of
many in the medical community, it would also be widely used to estimate the possible
harm from fallout.

Published in May 1957, Lewis' paper received widespread attention and firmly
linked the possibility of a proportional increase in leukemia to strontium-90 exposure. As

mentioned previously, the assumption that strontium-90 would cause leukemia was based

on the fact that strontium-90 was deposited in the bones near the bone marrow. The
British report on the biological effects of radiation had suggested that strontium-90 might

cause

leukemia.8

There was, however, little, if any published evidence to support this

assumption. The studies that existed relating increased leukemia incidence to radiation
exposure dealt entirely with exposure from external sources, such as x-rays. In December

1956, Jacob Furth, a member of the Pathology Panel and a cancer researcher, wrote to

Charles Campbell about the issue. Some newspapers had reported that not all members
of Pathology Panel had seen their report in its final form before publication and that not

all agreed with it. In an effort to ascertain the truth of the newspaper reports, Shields
Warren asked the members of the Pathology Panel if they had any disagreements with the

report. Only one person, Miriam Finkel of Argonne National Laboratory, expressed any
disagreement, though this did not prevent her from signing the report. One of her

James Neel to Edward Lewis, 8 May 1956, American Philosophical Society Library, Neel Papers,
correspondence, box Lew-Li, folder LEW.
8
John Hillaby, "British Unit Sees Fall-Out Threat," New York Times, 13 June 1956, p.
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objections was that the report did not state that strontium-90 had a marked

leukemogenic effect in mice. Upon hearing that one member of the panel asserted this
was true, Furth wrote to Campbell asking for the source of the statement. Deploring the
possibility that scientific information had been withheld, Furth told Campbell that no
publication of record addressed the question of whether strontium-90 induced leukemia.
Furth added that he believed that no one had ever claimed to have seen leukemia develop

in humans after the ingestion of thorium, mesothorium, or radium (presumably referring
primarily to the radium-dial painter studies).9

In the final section of his paper subheaded "Application to Radiostrontium
Exposure," Lewis used his estimates of the probability of leukemia per r of radiation to
estimate the number of cases of leukemia that would result from the currently
recommended maximum permissible concentration of strontium-90 for large

populations. For the U.S. population, he estimated that a constantly maintained level of
0.1 microgram (the population limit) would cause an additional 500 to 1000 cases of
leukemia, with a range of 150 to 3000 cases.10 After publication of his papers, press
articles on strontium-90 often contained reference to the fact that even small amounts

might cause leukemia. Press coverage of a statement on fallout by the AEC' s Advisory
Committee on Biology and Medicine reported the committee's estimate that continued
testing at the current rate would cause about 196 additional deaths from leukemia a

Telegram to John Bugher, 2 November 1956, Rockefeller Center Archives, Bugher Papers, box 22, folder
368; "Shields Warren Telegram to All Members of the Main Pathology Committee and Subcommittees" on
November 1, 1956, National Academy of Sciences Archives, ADM: ORG: NAS: Corns on BEAR:
Pathologic: Summary Reports: Press Coverage: Washington Post; Charles Campbell to Members of the
Pathology Committee, 26 November 1956, National Academy of Sciences Archives, ADM: ORG: NAS:
Corns on BEAR: Pathologic: General; Jacob Furth to Charles Campbell, 1 December 1956, National
Academy of Sciences Archives, ADM: ORG: NAS: Corns on BEAR: Pathologic: General.

492

year." Scientists, in particular, made public statements about fallout effects based
either directly or indirectly on Lewis' conclusions. In a letter to the New York Times,
physiologist Albert Szent-Gyorgyi suggested that an additional 1,500 children would
eventually die from

leukemia.'2

Walter Selove said that it was incorrect to believe in a

safe level of strontium-90: "There is good reason to believe that even small doses of
strontium-90 can cause leukemia or bone cancer, in proportion to the

dose."3

Pauling

often cited Lewis' work when estimating the probable number of deaths caused by
testing.'4

E. U. Condon, who had long-suffered under security and loyalty investigations

by the government, claimed that thousands of people would die from bone cancer and
leukemia from the tests that had already taken place.'5
One example of the intertwining of fallout fears and leukemia in population

culture was the 1959 play "The Highest Tree." The central character of the play was a
scientist working on a secret nuclear project for the Government. He also had leukemia.
The play revolves around his attempts to decide whether to protest the resumption of
bomb testing during the last six months of his life. (At the time, the United States and the

Soviet Union had voluntarily, and temporarily, stopped testing.)'6 Lewis' work was also
cited in letters from scientists to Congress, in scientific publications, in statements by
organizations such as the British Atomic Scientists Association, and in internal

10

Edward Lewis, "Leukemia and Ionizing Radiation," Science, 125:3255 (1958), PP. 965-972, p.
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' Walter Selove, "Appraising Fall-Out," New York Times, 8 April 1958, P. 28.
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government reports, such as a research memorandum for the Air Force by the RAND
Corporation.'7

Part of the quick public acceptance of Lewis' paper may have been due to a
strongly-worded editorial which accompanied its publication. Science editor Graham
DuShane titled his editorial, "Loaded Dice," in reference to his belief that with the
publication of Lewis' paper, it was now clear the atomic dice were loaded against
humanity. After briefly reviewing the recent and contentious debates over the possible
hazards from fallout, DuShane gave his characterization of Lewis' article:
E.B. Lewis (p. 965) shows that there is a direct linear relation between the
dose of radiation and the occurrence of leukemia. . . .Thanks to Lewis, it is

now possible to calculatewithin narrow limitshow many deaths from
leukemia will result in any population from any increase in fallout or other
source of radiation.. .We are approaching the point at which it will be
possible to make the phrase "calculated risk" for radiation mean
something a good deal more precise than the "best guess."8

Lewis himself was not pleased with the unqualified acceptance of his hypothesis in some

press accounts. Beadle, Lewis' colleague at Caltech, in writing to Libby said that he had
told DuShane that he thought Lewis had overstated the case. Beadle believed the article
raised a reasonable presumption of linearity.'9 As the designated geneticist at a meeting
of the Pathology Panel, Beadle made it clear that Lewis was not responsible for some

R. Lanier, Department of Radiology, University of Colorado Medical Center, to Carl T.
Durham, Chair, Joint Committee of Atomic Energy, 4 June 1957, NARA I, RU 128, box 309, folder
Fallout, vol. 3; Albert L. Latter and Milton S. Plesset, "Note on the Sr90 Hazard," U.S. Air Force Project
RAND Research Memorandum, 31 January 1958, NARA II, AEC, box 1, folder World-Wide Fallout
(Sunshine) General 1958; "Bone Cancer Link to H-Bomb Feared: British Scientists See Peril to World
from Fall-Out of High-Altitude Tests," New York Times, 17 April 1957, p.
' Graham DuShane, "Loaded Dice," Science, 125:3255 (1957), p. 963.
Beadle to Willard Libby, 2 June 1957, NARA II, AEC, Libby Papers, box 8, folder Sunshine
correspondence, Beadle.
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connotations given to his work in the popular press and was, in fact, embarrassed by
them.2°

Lewis had not claimed to prove a linear relationship between radiation dose and
leukemia incidence. In his study, he had statistically analyzed published data on the
incidence of leukemia relative to estimated radiation dosage in four exposed populations:

the Hiroshima and Nagasaki survivors, the work of Court Brown and Doll on patients
irradiated for ankylosing spondylitis, a study of children irradiated for thymic

enlargement, and several studies on leukemia in radiologists. He also analyzed data on
the incidence of spontaneous leukemia in Brooklyn in order to estimate what percentage

of spontaneous leukemia might be due to background radiation. His analysis showed a
linear relationship in each of the first four cases. His calculations of the probability of
leukemia per individual per r per year were nearly constant in the cases of the Japanese
survivors and the ankylosing spondylitis patients. Lewis stated that this was presumptive

evidence that the dose-effect relationship was linear, or approximately so. He also
believed that his analysis showed no evidence of a threshold dose. Though Lewis did not

claim to have proved linearity, he did state that his estimates seemed "likely" to be valid
within a factor of three.2' In a letter to Libby about the paper, Lewis admitted that the

linear relationship was clearly not proven. He continued, "I feel that the evidence as a
whole clearly points towards linearity and that it would therefore be folly to go on

20
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assuming that there is a threshold dose for the induction of leukemia in man."22 Lewis'

paper left little doubt that he believed the linear relationship was a probable one.

Toward the end of his paper, Lewis also suggested the somatic mutation
hypothesis for carcinogenesis as an explanation for the linear relationship. An earlier
draft of the paper showed a different chain of thought. Instead of bringing up the somatic
mutation hypothesis at the end as a possible explanation, Lewis mentioned it at the outset.

After noting that radiation, without doubt, induced leukemia, he stated that the basis for

this observed effect might well be somatic mutations. Lewis then stated that since
mutation in germ cells had been shown to be linear and independent of dose rate, the
somatic mutation rate was probably linear as well.23 Lewis later recalled his motivation
for addressing the somatic effects of radiation:
I became interested because some of the faculty here assumed there would
be a threshold dose for radiation damage and as a geneticist I knew that it
was unlikely that there was a threshold dose for gene mutation and that
leukemia and many cancers probably result from gene mutations in
somatic cells.24

In the draft, Lewis had used the somatic mutation hypothesis as a basic assumption from

which to approach the problem. Lewis took care to note that the somatic mutation
hypothesis did not necessarily rule out other theories of carcinogenesis. He suggested
that a mutation might cause the cell to release or respond to virus-like or hormonal agents.

It is uncertain exactly how well versed Lewis was on current cancer research. His only
citation for the somatic mutation hypothesis was Muller's 1927 article on

22Edwd Lewis to Willard Libby, 1 July 1957, Ava Helen and Linus Pauling Papers, correspondence,
folder Lewis, E.B.
23
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24
communication from Edward Lewis, 9 May 2003.
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radiation-induced mutation. For discussion of the viral and hormonal theories, he
referred the reader to a 1951 article by Jacob Furth.25

The Somatic Mutation Hypothesis
By the mid-1950s, the somatic mutation hypothesis was, in fact, many
hypotheses. One variation was the multistage model of carcinogenesis proposed by Isaac

Berenblum and Phillipe Shubik in 1947. They proposed that there were two stages of
carcinogenesis: initiation and promotion. An initial injury to the cell irreversibly altered
it, turning it into a potential cancer cell. If acted on later by another agent, the potentiality
might be promoted into cancerous growth. Their theory was based on experiments with a
known chemical carcinogen, benzpyrene, and croton oil. They found that when these two
substances were applied in that order, they were much more carcinogenic than when
applied in the reverse

order.26

Berenbium conceived of the initial insult as a somatic

mutation; however, the definition of mutation was broadly defined. By mutation, he
simply meant a sudden, irreversible change in a normal cell. He left open the question of
whether this change represented a true somatic mutation in the genetic sense, a possibility

that he found attractive, or whether it was only a mutation-like process.27 This broad
definition of somatic mutation was common in the 1950s, even among investigators who
25
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believed that a true genetic mutation initiated cancer. Leonell Strong, a prewar
advocate of the somatic mutation hypothesis, described the hypothesis as referring to a
change comparable to somatic mutation:
This change was defined as applying to any formed constituent of the cell,
either nuclear or cytoplasmic, that could duplicate itself, affect the
physiology of the cell specifically, and be transmitted by cell division.28

Thus, a wide variety of hypotheses fell under the name of the somatic mutation

hypothesis. The discovery of DNA and increased work on biochemical genetics led
many to investigate the chemical nature of the nucleus in neoplasia. Investigators
suspected that some form of change in the nucleus gave rise to malignancy, but did not
necessarily ascribe this change to gene mutation.29 Some researchers emphasized
chromosomal rearrangement or damage, possibly cause by mistakes in the process of cell
division.3°

Others looked to inheritable entities in the cytoplasm, such as Darlington's

hypothesized "plasmagenes."3'

The classical/balance controversy intruded into genetic concepts of cancer

causation. Some researchers began to compare the development of cancer with

Experimentally Induced Neoplasms Relative to the Mutation Hypothesis of the Origin of Malignant
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population genetics. As Donald Jones, also a prewar advocate of the somatic mutation
hypothesis, put it:

Abnormal growth that is irreversible has much in common with species
formation, since it is a new kind of tissue that has been removed from
normal control. There is every reason to expect that the same factors
involved in species separation will also be found to operate in the
initiation of tumor formation.32
Using the concepts of population genetics, some investigators proposed that a cell or cells

that had mutated to a malignant type were selected for in the general cell population.
Eventually, the number of these cells would reach a critical mass and develop into a

tumor. This evolutionary selection of cells was sometimes equated with Berenbium's
promotion stage.33
Some researchers adopted the concept of homeostasis, which formed part of the

balance hypothesis, for describing carcinogenesis. Homeostasis is the ability of an
organism to adapt to environmental changes and maintain a relatively constant viability.
One example of a homeostatic mechanism is sweating, which allows a person to maintain

the appropriate body temperature. A geneotype that led the sweat glands to function at a
constant rate no matter what the temperature would not be a homeostatic mechanism.
Homeostatis operated on a population as well as an individual level. For Dobzhansky and

other supporters of the balance theory, heterozygous loci would provide more adaptive
capability and, thus, act as more efficient homeostatic mechanisms than homozygotes.
Under this hypothesis, it was not the mutation at a specific locus of a cell that initiated
cancer, but the loss of genetic homeostatis, or genetic equilibrium, that caused cancer.
32
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Normal development, or renewal of tissue cells required a certain degree of

homeostasis. If this were disturbed too greatly, abnormal growth would result.34
Debate over the somatic mutation hypothesis raged throughout the

1950s.35

Many of the investigators who strongly favored the hypothesis were geneticists, such as
Strong, Demerec, W.E. Heston, Bentley Glass, L.W. Law, E.L. Tatum, and Jack
Schultz.36

Even geneticists not engaged in cancer research, such as Bruce Wallace and

Dobzhansky seemed to favor the probability of the somatic mutation hypothesis.37
However, due to the increasingly multi-disciplinary nature of cancer research, the
disciplinary lines were not clear-cut. Walter J. Burdette, who was deeply involved in the
debate, was, like Neel, trained in genetics and medicine, but received his M.D. before his

degree in genetics. Burdette' s attempts to devise experiments that would directly
correlate mutation rate with tumor incidence left him skeptical of the importance of

George Klein and Eva Klein, "Conversion of Solid Neoplasms into Ascites Tumors," Annals of the New
York Academy of Sciences, 63:5 (1956), pp. 640-792; Jack Shultz, "The Shape of the Cancer Problem,"
Cancer Research, 16:7 (1956), pp. 720-721.
Leonell C. Strong, "Biological Equilibrium and the Origin of Cancer," Science, 125:3248 (1957), pp.
595-596; Susi E. Koref, "Melanotic Tumors in Drosophila as Possible Phenodeviants," American
Naturalist, 90:853 (1956), pp. 270-272. Though it did not specifically address cancer, a short article by
Dobzhansky on homeostatis was included in a special issue of the Annals of the New York Academy of
Sciences on genetics and cancer; Theodosius Dobzhansky, "Genetics of Homeostasis and of Senility,"
Annals of the New York Academy of Sciences, 66:6 (1959), pp. 1234-1241.
John C. Fardon, "A Reconsideration of the Somatic Mutation Theory of Cancer in the Light of Recent
Developments," Science, 117:3043 (1953), pp. 441-445; Walter J. Burdette, "The Somatic Mutation
Hypothesis of Cancer Genesis," Science, 118:3059 (1953), pp. 196-197; Harold F. Blum and Jerome
Alexander, "Regarding the Somatic Mutation Hypothesis of Cancer," Science, 118:3059 (1953), pp.
197-198.
36WE Heston, "Localization of Gene Action in the Causation of Lung and Mammary Gland Tumors in
Mice," Journal of the National Cancer Institute, 15:3 (1954), pp. 775-783. A discussion by a physician of
this article by Heston emphasized the importance of hormonal factors, while allowing for the possibility of
a genetic basis; Leon Dmochowski, "Discussion," Journal of the National Cancer Institute, 15:3 (1954), pp.
785-787; Bentley Glass, "The Genetic Hazards of Nuclear Radiation," Science, 126:3267 (1957), pp.
24 1-246; Henry L. Plaine and Bentley Glass, "The Effect of Oxygen Concentration upon the Induction by
X-Rays of Melanotic Tumors in Drosophila melanogaster," Cancer Research, 12:12 (1952), pp. 829-833;
L.W. Law, "Some Aspects of Drug Resistance in Neoplasms," Annals of the New York Academy of
Sciences, 66:6 (1959), pp. 976-992; R.W. Barratt and E.L. Tatum, "Carcinogenic Mutagens," ," Annals of
the New York Academy of Sciences, 66:6 (1959), pp. 1072-1084; Jack Schultz, "Malignancy and the
Somatic Cell," Annals of the New York Academy of Sciences, 66:6 (1959), pp. 994-1007.

somatic mutation in carcinogenesis. His experiments with chemical mutagens and
carcinogens did not seem to support the hypothesis that all carcinogens were mutagenic.

While he admitted that somatic mutation might play a role in some forms of
carcinogenesis, he emphasized the extra-nuclear intercellular events in the neoplastic
process.38

Other investigators found a high degree of correlation between the carcinogenic
and mutagenic properties of chemicals.39 The demonstration that genes could control
enzymatic and other cellular functions, beginning with the one gene-one enzyme
hypothesis of Beadle and Tatum in 1941, as well as the demonstration of transduction, by

which viruses could transmit segments of DNA between cells, allowed many of the
proposed hypotheses of carcinogenesis to be reconciled in a variety of ad

hoc ways.4°

As

historian John Beatty points out in his work on the classical/balance controversy, the
point at issue in a biological controversy is often the relative importance of a

phenomenon. To illustrate his point, Beatty quotes Stephen Gould and Richard

Lewontin: "In natural history [Beatty commented: they could have said "In biology"},
all possible things happen sometimes, you generally do not support your favored
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Research, 14:2 (1954), pp. 149-153; Walter J. Burdette, "Cellular Aspects of Tumorigenesis," Annals of
the New York Academy of Sciences, 66:6 (1959), pp. 1068-107 1.
39W.E. Heston, "Carcinogenic Action of the Mustards," Journal of the National Cancer Institute, 11:2
(1950), PP. 415-423; Myrtle J. Bird and 0.0. Fahmy, "Cytogenetic Analysis of the Action of Carcinogens
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40
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phenomenon by declaring rivals impossible in

theory."41

The increasingly

multi-disciplinary debate over the mechanisms of carcinogenesis created a number of
competing theories that were not mutually exclusive of each other. The heart of the
debate was often what hypothesis was more probable versus those that were merely

possible. Though by no means a sharply defined split, geneticists tended to emphasize
the importance of mutation, while those in the medical fields emphasized the importance
of the larger environment, at the cellular or tissue level, and the importance of indirect
mechanisms.

Pathologic Reactions
The members of the Pathology Panel did not believe in the probability of either
the somatic mutation hypothesis or a linear, no-threshold relationship for carcinogenesis.

Their reaction to Lewis' paper was highly critical, generally stemming from their
different approach to somatic injury. Though not every member voiced that same
criticism, objections can be placed into several general categories: a mistrust of the
statistical evidence; an emphasis on clinical observations; and a belief that cancer had a

complex etiology that was likely due to indirect mechanisms of causation. In keeping
with the views on the complex etiology of many diseases, the members of the Pathology
Panel also expressed displeasure at the apparent emphasis by Lewis and others on
radiation as the most important carcinogenic agent. Despite their belief that Lewis' paper
was not particularly worthwhile scientifically, the widespread publicity and acceptance

that it received forced them to react. Though some members had been puzzled by the

John Beatty, "Weighing the Risks: Stalemate in the Classical/Balance Controversy," p. 293.
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apparent linear relationship for leukemia and life-shortening during the deliberations
before the BEAR report, there had been no serious consideration of addressing the linear

hypothesis in the report. Regarding leukemia, the report had stated that no cases of
leukemia had been noted among people who had adhered to the permissible dose level,

implying a threshold. They stated that life-shortening correlated roughly with radiation
dose, but that this observation had not yet been extended to low doses. The publication of

Lewis' paper put the Pathology Panel on the defensive and switched the burden of proof
to them. For the next two to three years, the linear/threshold question would be a central
one at most of the Pathology Committee meetings. They were forced to address the
question publicly in the press, scientific journals, and in the revised 1960 BEAR report.
The Pathology Panel and members of the AEC also examined the feasibility of
experiments that might test the linear hypothesis, with the implied belief that experiments
would disprove it.

Even before the publication of Lewis' paper, the Pathology Panel was disquieted
by informal reports (perhaps from Shields Warren or Failla) that the Genetics Panel was

discussing leukemia under the assumption that it was caused by somatic mutations. The
Pathology Panel already had a rather dim view of the trouble stirred up in the medical
community, particularly among radiologists, by the publication of the Genetics report.
They believed that the report "tended to be more hortatory than necessary in a factual
report" and were embarrassed by what they perceived as a general belief that close

coordination had existed between the two panels in writing the reports. Protecting their
disciplinary prerogatives, they asserted that because of their competence in the area of

somatic injury that they should be involved in any discussions of such effects. Austin
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Brues, the rapporteur for the panel, offered a cogent assessment of some of the
disciplinary influences that divided the two Panels:
It may be of importance in evaluating these differences of viewpoint that
the Pathology panel is composed largely of physicians, who are more
likely to think in terms of multiple causes of disease, and of calculated
risks, than investigators in "purer" branches of biology. While this was
not stated, it appeared to underlie much of this discussion.42
At times, the reaction of the Pathology panel to the geneticists bordered on contempt.
During one discussion of Lewis' work, the Subcommittee on Internal Emitters expressed
the opinion that leukemia was not a direct effect of radiation and that "leukemia is
probably not like Drosophila."43 In a letter to Eugene Cronkite, William Moloney, a
member of the Hematology subcommittee, noted with great interest a 1958 paper by
Russell that showed non-linear relationship between dose and mutation rate in mice
(though Russell did not believe the evidence provided evidence for a threshold).
Moloney commented that the paper "certainly should slow up the enthusiasm of the fruit

fly school of radiation philosophy." The successful public foray of the geneticists into
the field of somatic effects elicited emotional reactions from the pathology group.

Among the first criticisms of Lewis' paper made by the Pathology Panel was, as
George LeRoy, a member of the Hematology Subcommittee stated it, about "the numbers
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game that people like Lewis engage in."45 His characterization of Lewis' work clearly

implies a mistrust of statistical evidence. Some statisticians associated with the AEC and

the National Laboratories critiqued Lewis' work. A.W. Kimball, of Oak Ridge National
Laboratory, questioned both the reliability of the data and, in a few instances, Lewis' use
of statistics. He concluded that Lewis should not have drawn a conclusion about whether
or not there was a threshold at all. In some cases, Kimball's own criticisms seem suspect.

At one point, Kimball criticizes Lewis for performing a chi-square test on the population
groups in an exposed zone and the control zone to determine if the difference in leukemia

incidence is significant. Kimball claimed that using such a test was invalid unless "there
exists within each zone a probability of contracting leukemia that is constant and applies
equally to each individual within the zone."46 The use of a chi-square test on the data
should actually be valid as long as one of the populations does not on average have a
higher rate of spontaneous leukemia.47

A.E. Brandt, a statistician for the AEC, also brusquely dismissed Lewis' article.
At a meeting of the Pathology Panel, he stated that Lewis "uses a series of assumptions
and mathematical tricks and proves nothing in the report."48 Brandt had already earned

the enmity of at least one geneticist. During the same meeting he accused James Neel of
juggling the data in one of his evaluations of the AEC data and thus getting detectable
differences in the exposed populations and the controls where, actually, none existed.
Through his work on the ABCC data with his colleague William Schull, and his extensive
'
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studies of congenital conditions in human populations, Neel was well-versed in the

statistical treatments of populations. It was an issue that he often addressed in his
publications on the problems and promise of human genetics studies. After reading
Brandt's comments in a circulated copy of the Pathology meeting, he fired off an angry
letter to the chair, Eugene Cronkite. Neel, who was familiar with Brandt from meetings
about the ABCC genetics study, told Cronkite:

Dr. Brandt's tendency to pontificate, grandstand, and otherwise cany on
in any meeting as if he were the only individual there with the slightest
insight into statistical matters is well known to many of us. In this case, he
has gone beyond his usual display of bad taste, to accuse my associates
and me of actual intellectual dishonesty.49
Neel asked Cronkite to have Brandt clarify or retract his statement. Neel, himself an able

statistician, had not detected a flaw in Lewis' analysis. Undoubtedly, able statisticians
could disagree, particularly as applying statistics to many biological problems was a
relatively new endeavor. The statistical evidence of two of the studies on which Lewis
based his analysis on was also attacked (though several years after his publication) by
Theodore Sterling, Ph.D., Eugene Saenger, M.D., and John J. Phair, M.D. of the
Departments of Preventative Medicine and Industrial Health and of Radiology at the

University of Cincinnati College of Medicine. They cast doubt on the validity of the
ankylosing spondilitis study and the thymic enlargement study because of what they
perceived as inadequately chosen control groups.5°

48RepO of the Meeting of the Hematology Subcommittee, 15 June 1957, p. 14.
James Neel to Eugene Cronkite, 17 October 1957, American Philosophical Society Library, Neel Papers,
committees, NAS Radiation Committee.
°
Theodore D. Sterling, Eugene L. Saenger, and John J. Phair, "Radiation Epidemiology," Cancer, 15:3
(1962), pp. 489-502.
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Though geneticists had been using statistical methods for decades, other
biological and medical disciplines were just beginning to adopt their use in the postwar

era. Historian Harry Marks has discussed the rise of the randomized, controlled clinical
trial in the medicine in the 1950s. He notes that many medical researchers were resistant

to the truth claims of statistics. Discussing clinicians' attitudes toward the use of
statistical methods in studying therapies for chronic disease, Marks says:
Yet biological complexity and clinical individuation were the
stock-in-trade of specialists of chronic disease, whose authority rested on
their claim to formulate complex, unquantifiable judgments about the
myriad factors that determined why one patient responded to treatment
and another did not.51

Marks' characterization of the attitudes of chronic disease specialists applies well to the
members of the Pathology Panel who were, in some senses, specialists in chronic disease
themselves.
The resistance to statistics was not only a characteristic of the medical profession.

With the exception of genetics, there seems to have been some degree of resistance or
ignorance of statistical methods in most of the biological and medical sciences.
Biologists in general also attempted to limit the authority of statistics in their fields. The
reviewer of a new textbook on "Biomathematics" noted that while most biologists had

made "a more or less grudging concession" to the use of mathematical models, in only a
few cases was mathematics an integral part of their

SI

training.52

By the end of the 1950s,

Harry Marks, The Progress of Experiment: Science and Therapeutic Reform in the United States,
1900-1990 (Cambridge, UK: Cambridge University Press, 1997), p. 161-162. See also, Theodore M.
Porter, Trust in Numbers: The Pursuit of Scientific Objectivity in Science and Public Life (Princeton, NJ:
Princeton University Press, 1995), pp. 202-209.
52
C.C. Spicer, "Biomathematics: The Principles of Mathematics for Students of Biological Sciences,"
Annals of Human Genetics, 20 (1955), pp. 172-176, p. 173; R.E. Blackwelder and L.E. Hoyme, "Statistics,
Experiment, and the Future of Biology," Scientific Monthly, 80:4 (1955), pp. 225-229.

507

Warren Weaver lamented the general disparagement of statistical

evidence.53

Furthermore, though the use of statistics in medicine may have increased in the postwar
era, several observers noted that the studies were often of dubious quality.54 One
examination of clinical research noted a decline in quality from 1946 to 1976, concluding
that though a general understanding of sound research designs may have increased, it had

not translated into more frequent use of rigorous designs in clinical

research.55

Debate over the validity of statistical evidence was not confined to radiation

effects during this time period. For example, during the 1950s, there was also a heated
debate over the statistical evidence correlating smoking with lung cancer.56 By the
mid-1950s, several major epidemiological studies had been published strongly linking

cigarette smoking with lung cancer. The tobacco industry launched a campaign against
the claims that smoking caused lung cancer, enlisting the aid of many medical

professionals. John Berkson, of the Mayo Clinic, believed that two of the major studies
purporting to demonstrate a causal relationship between smoking and lung cancer,
including one by Richard Doll, who worked on the ankylosing spondilitis study with

Court-Brown, were misleading to the point of irresponsibility. Berkson doubted the
validity of the studies because, though the studies had been designed to investigate that
smoking caused lung cancer, they had actually showed that smoking increased the death
rate for a variety of diseases, including some, such as coronary artery disease, at far

Warren Weaver, "The Disparagement of Statistical Evidence," Science, 132:3443 (1960), p. 1859.
Donald Mainland, "The Use and Misuse of Statistics in Medical Publications," Clinical Pharmacology
and Therapeutics, 1:4 (1960), pp. 411-422; Stanley Schor and Irving Karten, "Statistical Evaluation of
Medical Journal Manuscripts," Journal of the American Medical Association, 195:13 (1966), pp.
1123-1128.
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56
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greater rate than lung cancer. He found it incredible that smoking causes an increase
in all the diseases, which had quite different etiologies. Berkson raised "a serious
challenge to the explanation that the statistical association between smoking and lung

cancer has a direct casual basis. Some physical explanation must be found for the other
associations, unless statistics is to be exposed to the charge of scientific
irresponsibility."57

Berkson himself was roundly criticized by a statistician from Cornell

University Medical

College.58

Another attack on the smoking findings, arranged by the Scientific Advisory
Board of the Tobacco Research Industry Council, charged that the clinical diagnoses of
the diseases associated with the lung cancer studies was likely to be an unreliable basis

for statistical evaluation. The study found when different pathologists were asked to
grade slides of tissue samples according to a standardized classification system for
different grades of pathogenesis, there were very significant differences in how different

pathologists classified many of the same slides. Based on this finding, the paper implied
that statistical evidence based on standardized classification systems was unreliable. It
also argued for the primacy of the individual pathologists' own judgment, since statistical

studies could not include all the possible pertinent variables. The paper stated: "There
are aspects of any clinical problem which may be sensed by the keen and experienced
clinician but are not yet incorporated into standard statistical

methods."59 The

attacks on

the smoking and lung cancer studies used arguments based on the traditional disciplinary
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concepts and methods of medicine, and were similar to arguments used by many in the

medical community about the evidence linking radiation and leukemia. In the radiation
epidemiology critique mentioned above, the authors acknowledged, "a heavy intellectual
debt to Dr. Joseph Berkson who, in his lucid analysis on the statistical investigation of
smoking and cancer, pointed clearly to many thoughts expressed in this

paper."6°

It

should also be noted that many in the medical community did accept the smoking and
lung cancer studies. By 1957, there were at least 16 independent epidemiological studies
showing a statistically significant association, as well as at least five separate laboratory
studies confirming the relationship in animals; i.e., the evidence was much stronger that
that for low-level radiation and leukemia.6' In addition, though most of the physicians
and medical researchers involved in the fallout controversy did seem to doubt the linear

hypothesis, not all did. In reviewing a draft of Linus Pauling's book, No More War!
Lewis suggested that he tone down his rhetoric against the medical community, pointing
out that Court-Brown was an M. D. and had been the first to point out that the dose-effect

curve for radiation-induced leukemia might be linear.62

The members of the Pathology Panel seldom showed any outright skepticism of
Lewis' statistical analysis or of statistical evidence in general in public statements,
though Brues did use quotes for the subheading "Statistical' Effects" in one article on the
subject.63

The primary statistical critique made was that in the ankylosing spondilitis

study, Court-Brown had discarded cases in which the patients had received significant

60eod
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radiation to other areas of their bodies for other reasons. These patients had the

highest total doses of radiation. Had these data been included, the dose-effect curve
would have been curvilinear, increasing in slope, rather than linear. William Moloney of
the Hematology Subconimittee and Austin Brues claimed that the data had been "treated"

to achieve linearity.

Though a curvilinear relationship did not rule out the lack of a

threshold, its theoretical implications for the likely mechanism of carcinogenesis

involved might make a threshold more likely. Most of the criticism of the statistical
analysis was directed at the data used. In particular, the members of the panel questioned

clinical protocols used in the Court-Brown study, suggesting that some of the cases of

leukemia included may have been misdiagnosed. They also questioned whether the
patients with arthritic spines and the children with (supposedly) enlarged thymuses might

be predisposed to leukemia. Finally, they took aim at the easy targets of the dosage
estimates for the Japanese survivors and the radiologists. The dosages for the Japanese
were admittedly hard to calculate, and Lewis had used the best data available to him,

which came from the ABCC and the AEC. Given the lack of caution and the general
absence of any exposure records of the prewar radiologists, their dosages would never be
known with any confidence.65 The members of the panel never directly addressed that

fact that despite the problems, or possible problems with the data, the statistical analysis
of all four data sets led to very similar estimates. In one of the few mentions of this issue,
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Cronkite stated that it seemed "highly fortuitous" that the results agreed so

well.66

Lewis' paper did lead the Hematology Subcommittee members to decide that they needed

to find a biometrician to serve as a consultant or as a member of the subcommittee, as
well as hire the full time technical services of a "lower grade" statistician in order to help

them analyze the "alleged relationship" between radiation and leukemia.67
Much criticism of Lewis' paper by the Pathology Panel members stemmed from
their different concepts of disease and methods of investigating the causal factors. Lee
Farr, Chairman of the Brookhaven Medical Department, called for unbiased facts on the
relationship between radiation and leukemia gathered from the laboratory and the
clinic.68

Perhaps the most cogent statement of the disciplinary viewpoint of the panel

came from George LeRoy. In a letter to Cronkite, LeRoy outlined his feelings about the
questions of linearity and the existence of a threshold. Leroy resented what he perceived

as the oversimplification inherent in the linear, no-threshold hypothesis. He found it
difficult to believe that carcinogenesis was not related to multiple factors, including

nutrition, genetic constitution, and other toxic agents. He told Cronkite:
Intuitively, I think it must be a very complex function, involving many
cycles of injury and repair, with ultimate failure of the repair mechanism,
so that a copulation of neoplastic cells appears instead of normal tissue
elements

66
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This conception led LeRoy to believe that multiple factors affecting the body's repair
processes were as, or more, influential than the carcinogenic agent itself. LeRoy added
that he believed there was a threshold for radiation-induced carcinogenesis because "I
assume a threshold is a general biological phenomenon." At heart, LeRoy's doubts about
the validity of a linear, no-threshold relationship were not based on Lewis' argument, but

rather they stemmed from the intuitive and personal understanding of biological
phenomena he had gained as a physician.
LeRoy also questioned the attempt to determine with certainty a threshold dose.

For him, the search for the true threshold dose or a reliable dose-effect relationship was a
naïve attempt to dispel anxiety. Quoting Julian Huxley, he said that people must learn "to

bear the burden of uncertainty." Any area of human risk carried at least as great amount
of uncertainty as the risks from low-level radiation exposures. LeRoy thought that the
search for a definite threshold for radiation damage was a paradoxical search for certainty

in order to take a calculated risk. He was, however, impressed by Court-Brown's study
on the ankylosing spondilitis patients and would no longer recommend radiation therapy

for the condition. This did not change his mind on the question of a threshold. He
claimed to have intuitively balanced the risks. Since his judgement involved the art of
medicine, he doubted that it could be quantified.7°
LeRoy's

comment on the inescapable burden of uncertainty was echoed in many

meetings of the Pathology Panel and its subcommittees. At a meeting of the Hematology
Subconmiittee, the members felt a need to reiterate what they believed was a self-evident

factthat all major social and industrial developments involved calculated risks which
°

George LeRoy to Eugene Cronkite, 11 December

1958.
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could result in deaths.7' On several other occasions, committee members asked that
due attention be paid to the numerous other environmental health risks, including tobacco

(most were evidently convinced by the smoking and lung cancer studies), smog, food
additives, and the genetic consequences of medical advance. This last hazard, mentioned
at a meeting of the Internal Emitters Subcommittee, was raised earlier by the Hematology

Subconmiittee in a slightly different context. In a rebuttal of geneticists' concerns about
increasing the number of defectives in the population, the following exchange occurred:

LeRoy: The problem is eugenics. It never has, nor will be, practical to
apply eugenics to a human population as one would a poultry farm. We
foster dysgenic products; we keep alive individuals with obviously poor
gene material by ever increasing skill.
Henshaw: The medical profession should state this case. We keep
dysgenic cripples alive in increasing numbers. For instance,
retinoblastoma. We keep them alive and they mate and the offspring has a
100% incidence of retinoblastoma. Similarly for diabetics and many other
diseases. Should we worry, then, about adding another 1% to the
increasing number of dysgenic examples?72
Though some members of the Pathology committees may not have been worried about
the genetic consequences of medical advance, most did believe that radiation had been

unfairly singled out as particularly hazardous. At the same meeting, Lee Farr remarked
that he had been relieved to see in the local paper that other hazardous environmental

agents [unspecified] besides radiation were receiving attention in the press. At an
Internal Emitters meeting, someone remarked that only by focusing more attention on
other environmental hazards could radiation hazards be "placed in perspective with

' "Minutes of Meeting Subcommittee on Acute and Long-Term Hematological Effects NAS BEAR
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ethics."73

These other injurious agents were also important because of the role they

might play in the causes of diseases with complex etiologies, such as cancer, which in the

view of the Pathology committees was being over-associated with radiation exposure.
Many of the members of the Pathology Panel believed that the induction ofcancer

had a complex etiology and was most probably due to indirect factors that caused injury

or derangement to a substantial body of tissue. The evidence they most often cited were
hormonal imbalances that seemed to promote neoplastic growth, the ability to retard or
regress tumors by use of hormones or bone marrow transplants, the long latent period
between application of a carcinogen and the development of cancer, and the lower cancer

incidence from partial body irradiation rather than whole body

irradiation.74

None

offered much support for the somatic mutation hypothesis. Few investigators flatly
denied the possibility of the hypothesis in print and with some, perhaps reflecting the
nebulous state of cancer research at the time, it is hard to pin down exactly where they
stood on the probability of the mutation hypothesis.
Jacob Furth, a member of the main Pathology Panel, is a case in point. In a 1954
article on thyroid-pituitary carcinogenesis, Furth noted that the tumor cells became
autonomous due to a process analogous to somatic mutation; however, this was a
secondary change, after dependent (did not demonstrate autonomy after transplantation)

tumor had already developed from a hormonal imbalance. Furth also contended that
radiation played no role in the induction of thyrotropic (caused by lack of thyroid
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hormone) tumors in mice whose thyroids had been destroyed with

radioiodine.75

He

believed that in tumors related to the endocrine, or hormone-producing organs, there was
first a hormonal imbalance that caused tissue derangement, leading to somewhat altered

tumor cells, possibly due to a protein or enzyme deficiency. Second, the tumor became
fully autonomous and malignant due to a mutation or mutation-like event. However,
Furth cast doubt on the responsibility of mutations for radiation- and viral-induced
tumors?6

Brues had long been a consistent critic of the somatic mutation hypothesis. He
was willing to allow somatic mutation to play a necessary but subordinate role in some
forms of cancer, though he emphasized that indirect mechanisms were both sufficient and

more probable. Brues' standard argument against the somatic mutation hypothesis,
repeated in nearly ever article in which he discussed the subject, was a reductio

absurdum

one. Brues argued that if a cancer arose from a mutated somatic cell, then humans should

have a far higher incidence of cancer than mice due to their much higher number of

somatic cellsroughly by a factor of one thousand. However, Brues observed that mice
and humans have the same amount of cancer within at least an order of magnitude. Thus,

for the somatic mutation hypothesis to be true, human somatic cells would have to be far
less mutable than current evidence suggested.77 Apparently, no geneticist ever bothered
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to counter Brues' rather simplistic argument. After the publication of Lewis' paper,
the emphasis of Brues' argument changed somewhat. Earlier versions had primarily
focused on the question of whether somatic mutation was the most likely mechanism as

opposed to indirect mechanisms. As Brues said in one paper, "there is much to suggest
that a somatic mutation hypothesis will satisfy most of the known facts regarding the
nature and origin of cancer."78 An association with a linear dose-effect relationship was
either not mentioned at all or only alluded to.

With the publication of Lewis' paper, Brues' definition of the somatic mutation
hypothesis became much more restricted, in order to specifically link it to the linear

relationship. Brues asserted that the somatic mutation hypothesis under discussion was
solely that one mutation in one cell could give rise to cancer. This, according to Brues
was the only mechanism that implied a linear relationship and, hence, no threshold. Any
variation of the hypothesis, including a multi-stage concept requiring two or more
mutations or the action of a promoting agent would, according to Brues, produce a
non-linear effect and presumably indicate a threshold. Lewis himself had not given such

a narrow definition of the hypothesis. He had stated that a mutation might cause the cell
"to acquire an unregulated growth habit, or to release, or to respond to, viruslike or

hormonal agentsto mention only a few of many possibilities."79 Lewis allowed for a
number of variations. In his earlier discussion of radiation carcinogenesis, Brues listed
the question of the existence of a threshold as a practical matter to be investigated.
Noting that tumor induction was similar to genetic effects in that it occurred at the lowest
12-14, p. 14; Austin Brues, "Critique of the Linear Theory of Carcinogenesis," Science, 128:3326, pp.
693-699, p. 696-697.
78
Austin Brues, "Ionizing Radiations and Cancer," p. 184.
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doses known to alter normal conditions and that genetic effects were probably without

a threshold, Brues stated that it was possible, though not necessarily probable, that tumor

induction was without a threshold. Brues then said:
Further work should be directed toward the question of whether there is a
threshold, especially since the future may bring mass inadiation of
populations, where a statistical tendency not seen in past clinical or
experimental work might emerge.8°

In his discussion of a threshold after Lewis' paper, Brues stated that any hypothesis that
required multiple events for carcinogenesis could not be linear and that if general tissue
damage was a prerequisite, then there might be a true threshold. He claimed that much of

the evidence supported one or both of those conditions. Before the fallout debate, the
NAS Genetics report, and Lewis' paper, Brues' discussion of the somatic mutation
hypothesis and the existence of a threshold had a markedly different tone than his later
discussions.

The widespread public concern over radiation after those events and the reaction

against the medical community, altered Brues' aims. Earlier he had rather nonchalantly
recommended investigating the existence of a threshold and critiqued the general version

of the somatic mutation hypothesis as one cancer theory among many. Brues' new
motivation was the fact that "Lewis' tentative hypothesis has met with wide acclaim and
acceptance as a proven fact by scientists with less familiarity with the subject."8' The
question of how to deal with the widespread and, in many cases, unqualified acceptance
of Lewis' claims became a central one for the Pathology committees.

79Edward Lewis, "Leukemia and ionizing Radiation," p. 970.
80
Austin Brues, "Ionizing Radiations and Cancer," p. 185.
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Before Lewis' paper, the approach had been to minimize public discussion of
thresholds, or lack thereof. In February 1957, Brues wrote to Wright Langham of Los
Alamos National Laboratory to offer friendly criticism of a draft of a paper of Langham.
Brues told him that the statement that "about 15% of the natural incidence of leukemia
(and presumably of bone sarcoma) may be attributable to natural background radiation"
was dangerous. Fearing that it might be taken out of context and give the impression that
there was no threshold for radiation-induced cancer, Brues suggested that Langham alter

the sentence. Brues suggested saying "it is not known whether any of the natural
incidence of leukemia or bone sarcoma is attributable to natural radiation background but

assuming that it is, the highest estimate would be 15%." Brues noted that the reference
for the original statement attributed the value to Hardin Jones. Brues stated that though
he had not seen Jones' evidence, it appeared to him as a case of poor extrapolation. He
added that they (presumably either his colleagues at Argonne or his colleagues on the
Internal Emitters Subcommittee, who overlapped considerably) were only trying to

collect evidence on the issue. They were limiting their theoretical treatments of the
problem to influencing research rather than public opinion.82

The rapid acceptance of Lewis' paper forced the members of the Pathology
committees to reconsider their strategy and put them on the defensive. At the first
meeting of the Hematology Subcommittee after Lewis' paper, the members began to

grapple with how to react. In the initial session of the meeting, which was closed to

Austin Brues, "Somatic Effects of Radiation," p. 14.
82Austin Brues to Wright Langham, 20 February 1957, NARA II, AEC RG 326, box 1, folder Sunshine
general, 1957.
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anyone other than subcommittee members, J.J. Nickson noted the considerable

attention that Lewis' paper was receiving. Cronkite's initial reaction was that the article
was not worth refuting. LeRoy suggested that, as physicians, they had a responsibility to
evaluate it. Nickson replied that they could not combat emotions with facts. Later, in the
open session of the meeting, Clinton Powell touched upon the central difficulty of

responding, as well as some of the policy implications. As Powell put it, "We all will
agree that articles such as the Lewis article are bad; however, we can't disprove what is
stated in that

article."83

Powell added that until they could amass enough evidence to say

that Lewis was wrong, they had to assume that he was right and minimize medical

radiation exposure as much as possible. Discussion during the closed session swayed
Cronkite to the idea that a rebuttal had to be written. He and Victor Bond would write the
refutation; however, he believed that an annual committee report would be more effective
than a rebuttal in Science. Cronkite and Bond would eventually relieve themselves of this
task after Brues wrote his rebuttal, "Critique of the Linear Theory of Carcinogenesis," for

Science. In the open meeting, Cronkite quickly brought up the issue. He commented that
the medical profession had been singularly quiet with regard to public
pronouncements on the radiation hazard question, and while this restraint
in the absence of conclusive data is commendable, in the long run no other
group than the physicians can be expected to evaluate the health of the
nation and the significance of increased radiation exposure upon it.84
A numbers of the attendees agreed that the medical community needed to do more, but no

one was able to come up with any specific recommendations.

Report of the Meeting of the Hematology Subcommittee, 15 June 1957, P. 20.
"Notes from the meeting of the Subcommittee on Acute and Chronic Effects of Atomic Radiation on the
Blood of the Committee on Pathological Effects of Atomic Radiation of the National Academy of Sciences,
June 15, 1957," National Academy of Sciences Archives, ADM: ORG: NAS: Corns on BEAR:
Pathologic: Subcom on Hematology: Meetings: Minutes: Draft, p. 2.
84
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The medical community's long silence on the issue of radiation hazards
seemed to have left them unprepared to take the offensive. Just as the Genetics Panel had
earlier asserted their right and responsibility to evaluate radiation protection standards in
light of genetic considerations related to widespread exposure of the public, the
physicians of the Pathology Panel now asserted their authority to make evaluations of the

impact of low-level exposure to large segments of the public. However, by the time they
decided to play a more active role, instead of basically reaffirming the judgment of the

NCRP, geneticists already had achieved widespread acceptance of their evaluations of

the hazards. Unable to disprove Lewis' claims, the Pathology Panel decided to
emphasize that no valid conclusions could be drawn from the available data, as well as

the existence of numerous non-radioactive environmental hazards. They also sought
ways to obtain data on low-level population effects.
By the end of 1959, the Subconmiittee on Hematology decided that they would
have to address Lewis' study directly in the 1960 BEAR report, which would update the

findings of the 1956 report. Though Lewis' paper was over two years old, the
subcommittee noted that many prominent scientists still based their analyses of radiation

hazards on Lewis' estimates. The example cited by the subcommittee was a paper by
Barclay Kamb, a Caltech geochemist, and his future father-in-law, Caltech chemist Linus

PaWing. In their paper, they explicitly adopted Lewis' hypothesis. The subcommittee
also cited the two-year old editorial "Loaded Dice" by Graham DuShane, which they
noted had never been retracted. 85

85

"Minutes of Meeting Subcommittee on Acute and Long-Term Hematological effects NAS BEAR
Committee on Pathological Effects, November 20-21, 1959," pp. 5-6.
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In December 1959, the Hematology Subcommittee sent their contribution to
the 1960 Pathology Panel report to Shields Warren in a series of telegrams. In the

subcommittee report, they mentioned several of their objections to Lewis' work. They
then detailed the reasons that they believed that no available data allowed valid

conclusions to be drawn about low-dose carcinogenic effects. The report mentioned that
increased incidences of spontaneous leukemia could not be attributed to natural

background radiationrecently there had been several press reports about American
Cancer Society statistics showing an increase in leukemia deaths rates.86 One reason
given for the impossibility of attributing increased leukemia rates to background
radiation was that there were many toxic environmental substances that had not been
adequately evaluated with respect to their ability to induce leukemia, even though many

of them had already proved carcinogenic in laboratory animals and humans. Despite the
numerous attempts in the report to undercut the impression that a no-threshold effect was

probable, the report adopted the no-threshold hypothesis for policy recommendations:
Some members of the Subcommittee believe, on the basis of analogy to
radium and chemical poisons, that there must be a threshold, however, no
member of the Subcommittee felt that he could estimate the size of the
threshold or for that matter even prove its existence. Accordingly, the
Subcommittee believes that it is prudent to assume there is no threshold.87

The acceptance of Lewis' paper prevented the Pathology Panel from shifting the burden
of proof back to Lewis and others who believed the no-threshold effect was probableat

least in regard to policy considerations. By using the argument that all current data were

86Robefl K. Plumb, "Leukemia Deaths Reported on Rise," New York Times, 27 May 1959, p. 29.
87
Telegrams from Hematology Subcommittee to Shields Warren, 11 December 1959, Rockefeller Center
Archives, Bugher Papers, series 1, box 22, folder 368.
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argue for the existence of one.

AEC Adaptation
The Pathology Panel, both before and after the BEAR report, often discussed
various human populations that had received excess radiation exposure that might be
suitable for detecting damage caused by radiation. With the expansion of the fallout
controversy and the need to collect information relative to the existence of a threshold for

radiation injury, these studies took on greater importance. The AEC, and Libby in
particular, wanted data that bore directly on the effects of low-level radiation on humans.
Part of these efforts was directed toward measuring natural dosages of radiation in people

and foodstuffs. Much of this work was carried out at Los Alamos National Laboratory
and the New York Health and Safety Laboratory using whole-body liquid scintillation
counters.88

Libby also pushed to get more whole-body samples for Project Sunshine,

presumably to verify his belief that he was justified in correcting downward from the rib

samples most commonly received. In late 1956, for the second time, the AEC asked the
RAND Corporation for advice on the legality of body-snatching for the purposes of

obtaining whole body samples. The RAND Corporation forwarded a report to the
Commission that RAND had prepared in 1953 for the first Sunshine conference, along

with a reference to Percival E. Jackson's The Law of Cadavers.89 At a 1955 conference

88Wj11&d Libby to Charles Dunham, "Sunshine Natural Dosage Survey," 17 July 1957, CIC, document no.
NVO7 14636; "The LASL Low-Level Monitoring Program," n.d., ca. 1957, CIC, document no.
NV0708663.

Arnold Kramish, Physics Division, RAND Corporation, to Calvin J. Potts, Office of Commissioners,
AEC, 26 December 1956, NARA II, AEC, Libby Papers, box 9, folder Lamont.
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on Project Sunshine, Libby had reported that the RAND study was not very
encouraging.9°

Obtaining human samples continued to be problematic. Indirect evidence
suggests that some samples may have been homeless people. In reporting back to Libby
after a collecting trip in Central and South America, Laurence Kuip, who processed
Sunshine samples for the AEC, said that his New York cadavers were somewhat "cooler"

than the average New Yorker. He believed this was due to dietary differences--the
caloric intake among the cadavers having been mainly ethyl alcohol. KuIp also reported
that he had not been able to "resurrect" a Vancouver body for resampling. He had found
the local authorities sympathetic, but unwilling to take the risk. If Libby believed that
rerunning the sample was sufficiently important, Kulp suggested, perhaps somewhat
facetiously, that the AEC would have to contact the Vancouver underworld and hire a
gravedigger.91

Libby responded that they probably ought to leave well enough

alone.92

One of Libby's suggestions for obtaining more data on the uptake of strontium-90 by
humans was for Kulp to measure samples of the food and excreta of one of his laboratory

workers for strontium-90 in order to determine the worker's body balance for the
radionuclide. Libby believed that it might be justified to feed the worker slightly "hotter"

food. Libby told Kuip:
I myself would not hesitate to take it [hotter food] and I am sure it is clear
that as long as we stay below 10 S.U. [Sunshine Units], we can hardly be
in any greater hazard for bone cancer than people in Denver normally
are.
9°Transcript of AEC Division of Biology and Medicine Biophysics Conference, 18 January 1955, copy
held by Ronald E. Doel, History Department, Oregon State University, p. 12.
Laurence Kulp to Willard Libby, 20 December 1957, NARA II, AEC, Libby Papers, box 9, folder
Lamont.
92Wjllard Libby to Laurence KuIp, 3 January 1958, NARA II, AEC, Libby Papers, box 9, folder Lamont.
93Willard Libby to Laurence Kulp, 24 January 1957, NARA II, AEC, Libby Papers, box 9, folder Lamont.
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Libby went on to note that though people in Denver received an additional 23 millirads of

radiation exposure a year (which he estimated equaled 8 sunshine units) from cosmic
radiation due to the altitude, statistics on bone cancer incidence showed no evidence that
bone cancer rates were higher in Denver than in cities at lower elevations, such as
Washington, D. C.
Libby and other AEC spokesmen frequently used what Hal Hollister of the AEC

called the "infamous 'Denver argument" to minimize the possibility of hazards from
fallout. Libby often pointed out that the incidence of bone cancer and leukemia were
lower in Denver than coastal cities, such as San Francisco. If low levels of radiation were

harmful, he argued, then the opposite should be true. The cancer incidence in Denver

should be higher. Libby's statement was misleading and disingenuous. The cancer
incidence in different geographical locations was affected by numerous factors. At a
1950 international Symposium on Geographical Pathology and Demography of Cancer,
attendees proposed numerous studies to elucidate many of these non-radioactive factors,
including the influence of diet, religion, nationality, and occupation, to name a few.94 In
addition, the late 1940s study upon which Libby based his figures for the cancer
incidence in Denver and San Francisco had actually compiled the bone cancer and

leukemia incidence for 10 major U. S. cities. When taken as a whole, the data were

contradictory. For example, Denver had a higher cancer rate than Pittsburgh, a city at a
lower elevation. When asked by a Washington Post reporter about his omission, Libby

"Cancer Symposium Studies Incidence," New York Times, 31 July 1950, p. 19.
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replied that he had not known other cities had been included in the

survey.95

However, his mention to KuIp that there was no difference in cancer rates between
Denver and Washington D. C., as well as his use of figures for New Orleans, which also
had a higher cancer incidence than Denver, in an 11 April 1957 speech make his claim
doubtful.96

Despite the difficulties inherent in epidemiological studies of human populations,

a growing number of scientists both within and without the AEC began to develop an
interest in such studies, as well as long-term laboratory experiments on chronic radiation

effects. Some of the scientists at the AEC Atomic Energy Projects, such as the one at
Rochester, started to lobby for more long-term, chronic experiments. Henry Blair, the
Director of the Rochester project, and his colleagues wrote to the Joint Committee on
Atomic Energy immediately after the fallout hearings, stressing the need for secure
long-term funding for chronic radiation studies and urging that the committee make a
public statement in support of such studies.97
Wright Langham, the Group Leader for Biomedical Research at Los Alamos, was

one of the first to argue strongly for the rapid initiation of long-term laboratory and

epidemiological studies. Though he did not believe that current levels of fallout were
harmful, he told Dunham that if large-scale weapons tests were going to continue
indefinitely, then "somebody had better start doing something."

98

Langham was

particularly concerned about the relative lack of support for such studies by the AEC

Edward Gamarekian, "Radiation and Cancer: Some Attack Proposal for Study," Washington Post, 21
January 1959, copy from Ronald E. Doel.
The Nature of Radioactive Fallout and Its Effects on Man, p. 1517.
91
"A Scientific Statement to the Joint Congressional Committee on Atomic Energy," 10 June 1957, NARA
II, AEC, DBM, CSF, box 45, folder NAS Study of Biological Effects of Atomic Radiation.
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because of his recent experiences at the April 1956 meeting of the International

Commission on Radiological Protection. At the meeting, he had sensed a growing trend
toward conservatism in setting permissible limits, particularly for large populations. In a
report on the meeting, sent to Libby, Langham said that it was obvious that the main
Commission of the ICRP was concerned about the propaganda and politics of the

possible genetic and long-term somatic effects. Langham believed that this was
particularly true for genetic effects. He noted that, "The geneticists and their fellow
travelers tend to be extremely conservative and, from the point of view of the masses,
have an extremely potent emotional appeal in their dedication to save the children of
future

generations."99

Wright was concerned that the numerous expert committees on

radiation effects that were beginning to spring up would make authoritative statements
based on current inadequate evidence without budgeting money for grants for

experimental work. He used the two million dollar grant from the Rockefeller
Foundation to the NAS as one example. The impact of these studies on public opinion,
could take years to dispel, he believed. Langham, who was more concerned with the
development of atomic energy than with weapons testing, thought that the rate of the
development of atomic energy would be curtailed by ignorance of the chronic biological
effects.10°

Over the next year, Langham continued to press for more studies on the long-term

radiation effects. In November 1956, he told Dunham that he believed that the AEC had

98wright Langham to Charles Dunham, 23 July 1957, NARA 11, AEC, RG 326, box 1, folder Sunshine
General.
Wright Langham, "Report on Geneva Meeting of the I.C.R.P. (April 2.41, 1956)," 25 May 1956, NARA
II, Libby Papers, box 8, folder Sunshine Program Administration, p. 2.
'°°Wright Langham, "Report on Geneva Meeting of the I.C.R.P. (April 2-11, 1956)," pp. 3-4.
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paid far too little attention to the importance of chronic radiation effects, and that
efforts to determine the possible effects should have been at least an order of magnitude

greater. He recommended that the AEC immediately initiate long-term laboratory
experiments using larger animals, such as primates and dogs, as well as seeking every
possible way to determine variations in natural background radiation levels and to

correlate those levels with the well-being of the populations.'°' Norris Bradbury, the
Director of Los Alamos, agreed with Langham, telling Dunham that he believed the AEC
was open to honest criticism for not having pushed such studies harder, particularly since
the Bravo

shot.'°2

Langham told Dunham that he did not expect anything to be done

about his comments. He was simply passing them on so that in ten years he could say "I
told you so" when Dunham was still looking for a cheap answer and Libby was still
looking for a fast one.103 Dunham asked Langham to move to Washington to help with

Project Sunshine. Langham declined, in part because he did not believe any concerted
attempt was being made to correct the imbalance between funding weapons and reactor
research and funding for biological

research.104

In addition, Langham and Bradbury both

believed that an enhanced biomedical program should be assigned to one of the National
Laboratories, not run from Washington. In July 1957, Langham told Dunham that the
pressure on Project Sunshine over the last few months made the job he had been offered

'°'

Wright Langham to Charles Dunham, 15 November 1956, NARA II, Libby Papers, box 8, folder
Sunshine Program Administration.
102Nonis Bradbury to Charles Dunham, 16 November 1956, NARA II, Libby Papers, box 8, folder
Sunshine Program Administration.
Wright Langham to Charles Dunham, 28 February 1957, NARA II, AEC, RG 326, box 1, folder
Sunshine General.
Wright Langham to Charles Dunham, 15 November 1956.
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earlier unnecessary, as the direction and importance of the program should now be
clear.'05

The Denver Argument
Further impetus for the ABC to initiate studies on the effects of variations in
natural background radiation on populations came from a study by John Gentry of the

New York State Department of Health. In 1956, Gentry undertook a study to attempt to
correlate the incidence of congenital malformations with local natural radioactivity,

primarily based on measurements of the geologic radiation in different areas. This study
came to the attention of the AEC, who sent its geneticist Sterling Emerson, along with the

Wake Forrest medical geneticist C. Nash Herdon, to visit Gentry and examine his results.

Gentry's analysis of his data showed a statistically significant correlation between the
incidence of congenital malformations and the geologic radiation level due to increased

amounts of radioactive elements and minerals. Herdon found the results "both startling
and disturbing." He noted that there was a general feeling among physicians that public
health statistics of the kind used by Gentry in his study should be viewed with some

skepticism and caution. Yet Herdon believed that the accuracy of the public health
records used by Gentry were better than most. Both he and Emerson judged that Gentry
was a competent scientist and that the study had been well done. Emerson was reluctant
to give a genetic interpretation to Gentry's study, as he felt that the increased incidence of
malformations in some areas was too great to be accounted for by the amount of increased

radiation exposure in those areas. However, he was at a loss to provide another

'°5Wright Langham to Charles Dunham, 23 July 1957.

529

explanation, tentatively speculating that, since the incidence of congenital
malformations was known to increase exponentially with the age of the mother after the
age of 35, that a radiation-induced aging effect might play a role.'°6
Gentry submitted his manuscript to Science, but it was returned with the
recommendation that Gentry more fully document the types of malformations their
frequencies and the radiation dose (the study eventually appeared in the American

Journal of Public Health in 1959). Gentry's work was a topic of discussion at the March
1957 meeting of the Advisory Committee for Biology and Medicine. Bentley Glass
expressed the same reservation about a genetic interpretation of the study for the same

reason as Emerson. Glass estimated that if the incidence of congenital malformations
varied directly with the level of natural background radiation, which it should according
to genetic theories, the incidence of malformation in Travancore, India, where radioactive
sands created a much higher than normal natural background radiation level, should be 30

to 40 percent, which should be evident if that was the case, but had not been observed.
All the members of the conmiittee worried about the sensational public reaction that
might occur if such a report were published.'07 The AEC sent members of the Radiation

Branch of the Health and Safety Laboratory to verify Gentry's radiation measurements
and take more measurements. Leonard Solon, Assistant Chief of the Radiation Branch,
apologized to Gentry for what must have seemed "excessively belligerent skepticism,"

'°6C. Nash Herdon to Sterling Emerson, 14 January 1957, American Philosophical Society Library, Glass
Papers, box AEC; Sterling Emerson to Charles Dunham, 22 January 1957, American Philosophical Society
Library, Glass Papers, box AEC. In his correspondence with Libby, William Neumann also mentioned the
Gentry study. Gentry had recently presented his results at Rochester. Neumann told Libby that this was
exactly the type of study he urged the AEC to undertake, William Neumann to Willard Libby, 8 February
1957, NARA II, AEClRadioactive Fallout, box 8, folder Committee Report on Operation Sunshine,
12/19-20/56.
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but noted that the implications of the study were so profound that the AEC wanted to

subject every aspect of it to "the sharpest form of scrutiny."108
A feasibility study by the AEC on a program to determine the relationship
between geologic environmental radiation and deaths from congenital malformations
found that nation-wide, there did appear to be a correlation between areas with high
geologic radiation and incidence of congenital malformations, though the evidence was

not clear-cut. For instance, states with the highest overall concentration of uranium ore
reserves also had the highest malformation rates, though those with the highest reserves

were not necessarily those with the highest malformation rate. Recognizing that there
were many confounding factors, including race, consanguinity, population migration,
etc., the report nonetheless concluded that the data were sufficiently provocative to

warrant further investigations.'09 Though the AEC determined that it would be
undesirable to give the information unconditional public release, it sent copies of the
report to some scientists on the NAS BEAR Committee, to the National Institutes of
Health, and to the National Office of Vital
At the beginning of 1959, Shields Warren announced that the Pathology Panel
would recommend that a twenty-year, 15-30 million dollar study be undertaken to study
the possible relationship between natural background radiation and cancer and that the
'° Minutes of the Sixty-First Meeting of the Advisory Committee for Biology and Medicine, 15-16 March
1957, CIC, document no. NV07091 19.
'°8onard Solon to John Gentry, 1 March 1957, American Philosophical Society Library, Glass Papers,
box AEC.
'®
George Beadle to members of the Genetics Panel, 17 June 1959, enclosure: "Feasibility Study on the
Relationship Between Geologic Environmental Radiation and Mortality from Congenital Malformation,"
n.d., National Academy of Sciences Archives, ADM: ORG: NAS: Corns on BEAR: Cooperation w Other
Organizations: AEC: Relationship Between Geologic Environmental Radiation & Mortality from
Congenital Malformation: Report.
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panel would send a detailed recommendation to the Public Health Service,
Department of Defense, and the AEC within a

ar11

The study would compare the

incidence of cancer between U.S. population groups in high-altitude cities, such as

Denver and Salt Lake City, with those at lower elevations. Unsurprisingly, the proposal
was controversial. Libby had broached the idea of such a survey over a year earlier with
Edward Lewis, after reading a draft of his Science paper. Lewis replied that he thought
such a study would be impractical for many reasons. First, it would be extremely
difficult, if not impossible, to control the relevant variables between the populations.
Even if those variables could be controlled, the population size necessary to provide

statistically significant evidence would be impracticalthey would need to be vastly
larger, said Lewis, than the populations of Denver and San Francisco."2 In May 1959, an

article on the population size that would be required to get statistically significant
evidence for the relationship between leukemia and radiation dose calculated that for a 5
r exposure level, six million people ages 35 to 44 would be necessary. Carol Buck, on the

Faculty of Medicine at the University of Western Ontario, made reference to recent
studies proposed to study populations living at high and low altitudes to answer the
question of a threshold"3 A Washington Post article by Edward Gamarekian, a frequent

"°Charles Dunham to A. R. Luedecke, AEC General Manager, 11 June 1959, CIC, document no.
NV0207 100.
1I

Nate Haseline, "Vast Radiation Survey Sought," Washington Post, 21 January 1959, p. A24, copy from
Ronald E. Doel.
112
Lewis to Willard Libby, 1 July 1957, Ava Helen and Linus Pauling Papers.
' Carol Buck, "Population Size Required for Investigating Threshold Dose in Radiation-Induced
Leukemia," Science, 129:3359 (1959), pp. 1357-1358.
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critic of the AEC, reported that scientists within the AEC itself were divided on the
issue.114

The AEC was also continuing to study the feasibility of correlating geologic

radiation levels with congenital malformation. Again, scientists were divided on the
issue. Upon receiving the initial AEC feasibility study, Beadle enthusiastically sent
copies to the Genetics Panel. Beadle noted that a full study would require much more
sophisticated statistical techniques, but believed that it was important to follow up the
lead as quickly and thoroughly as was

feasible."5

The AEC convened a meeting on the

effects of environmental radiation of humans. The bulk of the meeting concerned the
development of techniques for radioepidemiology. In addition to the importance of
radioepidemiology studies to determine whether there was a threshold for cancer
induction or an increase in congenital malformations, the report of the meeting held out

hope that positive effects would be found: "Apart from derogatory effects, evidence is
strong supporting the view that radiation, by increasing genetic diversity, has contributed

beneficially to evolutionary development and there is fragmentary evidence suggesting
that certain biologic processes are stimulated by this agent."16 Others were less positive
about the prospects. Irwin Bross, the Chief of the Department of Statistics at the Roswell
Park Memorial Institute, gave a negative review to a revised proposal for a congenital

malformation study produced by Douglas Grahn, a scientist with the AEC. Bross

'14Edward Gamarekian, "Radiation and Cancer: Some Attack Proposed Study," Washington Post, 21
January 1959, copy from Ronald E. Doe!.
115
George Beadle to Charles Dunham, 5 July 1959, National Academy of Sciences Archives, ADM: ORG:
NAS: Corns on BEAR: Cooperation w Other Organizations: AEC: Relationship Between Geologic
Environmental Radiation & Mortality from Congenital Malformation: Report; George Beadle to Members
of the Genetics Panel, 17 June 1959.
h16
on "Effects of Environmental Radiation on Human Beings," 30 September 1958 to 1 October
1958, HREX Archives, document no. 0702078, p. 1.
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concluded that the material he saw was not a very convincing justification for future
studies.117

Hal Hollister gave a warning about the motivation behind the proposed

studies:

Because one strong motivation for the present resurgence of interest may
be the aftermath (e.g. Pauling) of the infamous "Denver argument" about
leukemia, and since this argument was originally used to minimize the
fallout hazard, I should point out the obvious: that a demographic study
will be utterly worthless if it is started and carried out with the explicit
intention of "proving" the Denver argument in one form or another."8
Hollister added that the study would be extremely difficult to carry out even without this
intentional bias.

The wide publicity given to both Lewis' hypothesis that there was no threshold
for some radiation-induced somatic effects and the lack of a threshold for genetic effects
put the AEC and the medical community on the defensive about radiation effects. Though

the physicians of the Pathology Panel critiqued Lewis' article based on the unreliability
and inadequacy of the epidemiological studies on which it was based, they eventually
wound up recommending a study that would be far more difficult to carry out than those
they had critiqued (though it is uncertain that all members of the panel agreed that it was

a good recommendation). As their public argument against Lewis' hypothesis was that
current data was inadequate to decide the question, they had to obtain new data in order to

switch the burden of proof. Likewise, the AEC, confronted with the findings of Gentry's
study and its possible publication, initiated their own study of congenital malformations

"7bwin Bross to Jacob Furth, 14 March 1960, National Academy of Sciences Archives, ADM: ORG:
NAS: Corns on BEAR: Cooperation w Other Organizations: AEC: Relationship Between Geologic
Environmental Radiation & Mortality from Congenital Malformation: Report; George Beadle to Members
of the Genetics Panel, 17 June 1959. Bross was the statistician who critiqued Joseph Berkson's critique of
the smoking and lung cancer studies, mentioned above.
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and geologic radiation. Lewis' paper was also a setback for the AEC, including one of

Libby's favorite arguments for the harmlessness of fallout, the Denver argument. Of all
those in the AEC, Libby was one of the strongest and most persistent advocates for

large-scale radioepidemiology studies, despite their cost and possibly dubious value. As
pointed out by Hollister, one of the main motivations behind the studies seemed to have
been to provide the AEC with more scientific ammunition in the battle of fallout. Though

debates within the AEC about the feasibility of large epidemiology studies to support the
Denver argument continued throughout the 1960s, these studies were not undertaken.

Denouement
The BEAR report and Lewis' paper became two of the seminal documents in the
fallout debate. They provided a resource for the estimation of fallout hazards for
scientists outside the medical and genetics communities. As the debate spread beyond
these two communities, disciplinary played a less obvious role in how scientists engaged
in the fallout debate. Throughout the second half of the 1950s and into the early 1960s,
scientists from a wide variety of disciplines, ranging from zoology to electrical
engineering, publicly debated the biological effects of low levels of radiation within the

overarching context of fallout. Some, like Linus Pauling, debated fallout on a national
stage, receiving a great deal of attention from both the public and the AEC. Some
scientists spoke out on fallout in relative anonymity. One example is Norman Poister, an
electrical engineer in the research department of a Pennsylvania manufacturing company,
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who began to write papers on the fallout hazard, such as "Strontium-90 in Milk: The
Unseen Public Enemy." An amateur dairyman, he became the fallout survey coordinator
for his local chapter of the Society for Social Responsibility in Science. Though Forrest

Western of the AEC's Division of Biology and Medicine told the AEC's Division of
Information Services that he saw no point in making any comments to Polster about his
paper, of which he had sent a draft to the AEC, Poister eventually managed to get invited

as a witness at the 1963 Congressional hearings on fallout.119
Scientists involved in the controversy formed new organizations as a result.
Several well-known scientists began the Pugwash movement in 1957 to discuss weapons
testing and disarmament

issues.120

They made few public statements, preferring to

attempt to influence the upper echelons of government administrations. Other scientists,
such as Barry Commoner, formed the Committee for Nuclear Information, joining with
non-scientists in an attempt to democratize nuclear information and create an informed

public. Some scientists, such as Pauling became activists in the peace movement,
explicitly linking their positions on fallout effects to larger political issues. During this
period, Pauling also discussed his scientific ideology, one that supported his
outspokenness on fallout.121 Other scientists joined state scientific advisory bodies. In

1958, University of Minnesota scientists on a State Committee on radiation warned the

"9Norman E. Poister to Men-il Eisenbud, 18 October 1958, NARA II, AEC, DBM, CSF, box 4, folder
strontium, July-December 1958; Forrest Western to Duncan Clark, 20 November 1958, NARA II, AEC,
DBM, CSF, box 4, folder strontium, July-December 1958; Norman E. Poister, Testimony submitted for
presentation for the August 20-21 Fallout Hearings, NARA I, JCAE, RG 128, box 311, folder Fallout,
Phase II witness.
120
Joseph Rotblat, PugwashThe First Ten Years: History of the Conferences of Science and World
Affairs (New York: Humanities Press, 1968).
121
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public about high levels of strontium-90 that they had found in Minnesota

wheat.'22

Physicians began to speak out about the hazards of radiation and thermonuclear war, as
well. Tn 1962, the New England Journal of Medicine published a series of articles calling

for physicians to channel their efforts into preventing a nuclear war rather than preparing

for the aftermath. The articles were the work of the organization called Physicians for
Social Responsibility, founded in 1961
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The debate over how a responsible scientist

should act in a public scientific controversy was answered by many scientists
individually and collectively, but not by general consensus.
Though the widespread public debate among scientists caused the AEC to
reevaluate and in some cases, alter, its information policies, the AEC did not entirely

regain its expert authority on matters of radiation safety. After contentious debate over
whether to remove the responsibility for radiation safety from the AEC and give it to the
Department of Health, Education, and Welfare or the Public Health Service, Eisenhower
created the Federal Radiation Council as the official government agency overseeing
radiation safety.'24 The Council adopted the linear hypothesis for radiation effects as the

basis for public health policy, further lowering recommended exposures limits and doing
away with the terminology "maximum permissible exposure."125 Though the Federal
Radiation Council closed the policy debate, at least temporarily, the scientific debate over

low-level radiation effects remained contentious and continues to this day.

'22Robe Divine, Blowing on the Wind, pp. 262-263.
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Public concern about fallout began to wane after 1960, and the debate over
low-level radiation effects disappeared from public view with the signing of the Limited

Test Ban Treaty in 1963. At the same time, new public concerns arose about
environmental health hazards, sparked by the publication of Rachel Carson's Silent
Spring, which used the example of strontium-90 to introduce concerns about chemical
pollutants.126

Public debate over low-level radiation effects returned in the late 1960s

with the advent of the nuclear power controversy. In the end, the fallout debate provided

few answers to the questions raised by worldwide fallout. The lasting effects of the
fallout controversy were the questions it raised, rather than the answers it gave.
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Conclusion

The fallout controversy left many legacies. The scientific questions it raised led to

increased research on radiation effects. In addition to the continuation and expansion of
laboratory research into radiation effects, many retrospective epidemiology studies have
since been undertaken in an effort to determine the possible injuries that may have been

caused by atomic testing. The many advisory panels and organizations formed to
evaluate radiation effects also remain in existence. The National Academy of Sciences
still regularly convenes committees on the biological effects of radiation. Scientific
organizations such as the Committee for Nuclear Information (under a different name)

and the Pugwash movement also continue. Many scientists in the fallout debate, such as
Barry Commoner, became active in the later debates over nuclear power, as well as other

environmental controversies. Alexander Hollaender played a key role in the formation of
the Environmental Mutagen Society in the late 1960s, which broadened concern with
mutagenic agents beyond radiation to include chemical mutagens as

well.1

However, the

fallout controversy's most lasting legacy may have been the questions it raised about the
role of the responsible scientist.

Responsible Scientific Debate
Disciplinary considerations, perceived institutional and political affiliations,
moral questions, and scientific ideology were all intertwined in scientists' debates over
the proper role of the scientist in the fallout controversy. With the scientific evidence

Scott Frickel, "Disciplining Environmentalism: Opportunity Structures, Scientists Activism, and the
Rise of Genetic Toxicology, 1941-1976,"(Ph.D. Dissertation, University of Wisconsin, 1999).
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generally considered inadequate to offer scientific proof or achieve wide consensus
within the scientific community, the key question became how, or if, scientists should
publicly discuss the biological effects of low-level radiation in the context of the fallout

debate. Sturtevant's 1954 speech on the genetic effects of radiation after the Bravo shot
were largely motivated by the categorical denial of any injury from fallout by Strauss, a

highly-placed government official. Sturtevant believed this statement was irresponsibly

wrong, as it denied what geneticists knewthat any increase in radiation exposure
would cause additional mutations and, as nearly all mutations were deleterious, cause

harm. In the context of Sturtevant's genetic knowledge, Strauss' statement was untrue.
Nonetheless, many physicians would doubtless believe that Strauss' statement fit well
with his or her own thoughts on radiation injury. Here lay the critical divide, Sturtevant
received near-unanimous support from other geneticists on his qualitative points about

genetic injury. Even those who disagreed with his attempts to quantify the amount of
genetic damage that might be caused, such as Neel, agreed that the dysgenic effects of
radiation were worth bringing to public attention, if only to provide the populace with a
greater sense of the importance of their genetic heritage and stimulate greater support for
genetic research.

Differences of opinion on how, or if, to quantify genetic damage, rested in part
on different conceptual and methodological approaches to the problem within the

discipline itself. Demerec based his estimate on bacteria; Sturtevant, Muller, and others
on

Drosophila

and mouse data; Russell solely on his mouse data. Neel refused to make

a calculation, preferring to emphasize the inadequacy of the data and the need for more

human data, which happened to be his organism of choice. Theoretical concepts also
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influenced geneticists' estimates, or willingness to make an estimate. Both Neel and
Demerec cited uncertainties in heterozygous effects as one reason not to make
calculations, since estimates of the long-term detrimental effects might be too high under

the classical model. However, theoretical preferences did not necessarily translate
directly into higher or lower estimates. When asked by Demerec to calculate the effects
of increased radiation on the human population using the parameters given to the BEAR

Genetics Panel, Wallace, eschewing the panel's parameters, nonetheless attempted an
estimate by his own method. He told Demerec that he could defend a maximum
permissible dose as low as 3 r. Demerec replied that a 10 r limit had been decided upon
and that was the dose that had to be justified.2 The 10 r limit needed to be maintained
because, for whatever their personal reasons, the panel as a whole was willing to agree

with it, preserving the appearance of unanimity. The exchange between Neel and
Wallace highlights how little the actual setting of an exposure limit depended upon
quantification of the genetic effects and the theoretical and interdisciplinary

considerations that underlay methods of quantification. The key arguments of the
Genetics Panel were not over the value of the limit itself. They were, in the case of Neel,

whether the members of the panel were acting as responsible scientists by setting a limit
and, in the case of Wright, whether their discussion of genetic damage that underpinned

the limit should be extensively qualified in order to properly represent the spectrum of
genetic opinion.

2
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Much of the argument for leaving out qualifications rested on the importance
of communicating information effectively to the public in order to induce understanding

of important points, rather than confusion. As Warren Weaver noted in his editorial
"Communicative Accuracy" in 1958, the benchmark of communicative accuracy was

whether or not the reader received the correct impression. Weaver illustrated this point
with the example of two businessmen arriving home after work. One said to his wife
"My dear, when I look into your face, time stands still." The other said, "My dear, your
face could stop a clock."3 Arguably, the public might better grasp the main points of the

report if the panel used the relatively simple genetic load argument. Thus, not including
all the qualifications that were desirable in a scientific publication could be construed as

being scientifically responsible when addressing the public. Wright's argument implied
that as scientists, they would be acting more responsibly by presenting a fuller picture

with qualifications. Neel's conception of scientific responsibility precluded any setting
of a permissible dose or quantification of the damage. Muller, and others on the panel,
quickly decided that setting a dose limit was their primary responsibility.

Both Muller's and Neel's positions may have also been influenced by their
personal scientific styles. Muller was widely viewed as a visionary. Strongly theoretical

and speculative, he had often, though not always, been right. Neel, on the other hand,
had a conservative scientific style. During his graduate school days, Stern had asked him

to provide a theoretical context for his experimental results. Neel begged off, believing
that he did not have enough evidence to warrant theorizing. He asked Stern if he should
publish at all, given his unwilling to theorize, or wait until he had conducted additional
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experiments, which might take several

years.4

In addition, Ned had immersed

himself in the medical scientific culture and retained a close connection to it, while
Muller had long railed against the medical community for their irresponsibility with

regard to the use of radiation. The debate over the use of the genetic load argument to
justify the permissible dose was also influenced by concerns about its influence on the

directions of future research and research funding. Wallace expressed concern that the
use of the genetic load/genetic death argument would channel funding towards
investigations designed to more accurately measure the parameters of that particular
theoretical model rather than support research into alternate, and relatively new,
theoretical models. In a 1958 research proposal to the AEC, Wallace stated:
As the financial and emotional investment in the determination of this
"practical" information [relating to genetic load/genetic death] grows, it
will become increasingly embarrassing for anyone to question the
validity of those concepts which demanded such studies. Not only
increasingly embarrassing to raise questions, but increasingly difficult to
raise an audience.5
There were numerous intradisciplinary divisions among geneticists about how genetic
injury should be discussed; however, these had little effect on the permissible dose
recommendations themselves.

Disciplinary differences are also strongly evident in the debates between the

medical and genetics communities over radiation effects. Most physicians knew little

about genetics. They continually, if privately after a certain point, expressed doubts
about the existence of a threshold for such damage, about the ability to extrapolate from
Warren Weaver, "Communicative Accuracy," Science, 127:3297 (1958), P. 499.
James Neel to Curt Stern, Ca. early July 1940, American Philosophical Society Library, Stem Papers,
correspondence, box MULLER #11-NOVA, folder Neel, James V. #2.
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mice to men, and about whether a few additional mutations really mattered. They
also asserted that, regardless of the possible genetic effects, the benefits versus the risks

of the medical uses of radiation were best judged by the physician. Many physicians,
such as Brues, took geneticists to task for being overly speculative, overly emotional,
and generally acting irresponsibly as scientists. Though physicians could not effectively
argue against the linear, cumulative, deleterious dictum, they still cast doubt upon the
underlying evidence and they sometimes implied that the relatively young science of
genetics was only now coming into its own as a mature science which, presumably,
marked a threshold for being able to arnve at secure conclusions.
Disciplinary differences between the genetics and medical communities were

most strongly in evidence in the debate over a threshold for somatic effects. Physicians
believed that this question was certainly within their area of expertise. They were
shocked both that the Genetics Panel would make a permissible dose recommendation
without consulting them, since setting radiation standards had long been their
prerogative and required their knowledge, and that the Genetics Panel would undertake

to evaluate somatic effects. Though Lewis was not on the Genetics Panel, his paper on

leukemia and ionizing radiation had received the geneticists' full support. The
physicians hotly disagreed with Lewis, finding linearity and the absence of a threshold
difficult to accept given their medical training and experience with radiation damage.

They questioned the validity of the statistical evidence, or "playing with numbers," at
times suggesting that the correlations were too good to be true. Many of their attacks on

Bruce Wallace, "The Investigation of the Genetic Structure of Populations," ca. 1958, American
Philosophical Society Library, Stern Papers, correspondence, box W, folder Wallace, Bruce.
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the evidence were based on possible problems in the clinical observations underlying

the data. They also emphasized the importance of studying the mechanisms of
carcinogenesis through experimental laboratory work rather than putting much stock in

statistical evidence. Their criticisms reflect a general resistance by many in the medical
community to letting other methods of investigating disease diminish the importance of

the clinician's eye and the discovery of the bodily mechanisms which caused illness.
Though such methods were starting to become much more widely used in biology and
medicine during the time period, it was only the beginning of their adoption, and they
were not immediately or enthusiastically accepted.

Much of the physicians' criticism of the way that geneticists engaged in the
debate over radiation effects was motivated by concerns that geneticists' statements
would arouse public fears about radiation which would damage both the medical
profession and public health far out of proportion to the actual damage that the radiation
might possibly do. This argument, that warnings of radiation hazards would incite

unreasoning fear in the populace, was also used by the AEC. Based on their conceptual
approaches to radiation injury, primarily the existence of a threshold, physicians
believed that the public concern created by the geneticists was irresponsible by
egregiously overstating their case based on evidence that did not meet the threshold for

responsible public scientific discussion. Geneticists' statements, which geneticists
believed were based on valid scientific evidence, were often derided by members of the
medical community as alarmist, emotional, and speculative.
"Emotionalism" is one rhetorical theme that runs consistently throughout the
fallout debate. In writing this story of the fallout controversy, I have included numerous
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instances of one scientist charging another with being overly emotional and hence not

properly scientific. The most obvious example of this is Brues' article, "The New
Emotionalism in Research." From my study of these examples, I would suggest that
charges of over-emotionalism generally occur when the complaining party develops a

sense that he or she is being treated unfairly, either directly or indirectly. The offending
scientist might be perceived as having unfairly gained a positive public acceptance of his

idea by what the offended scientist views as over-simplification through lack of proper

qualification, speculating beyond the limit allowed by the evidence, etc. A case in point
is the charges of emotionalism leveled at geneticists by Bnies and Bugher, among others.

Another example, not previously discussed, was a bitter dispute between Neel
and Muller over the publication of papers that they had presented at the World Health
Organization (WHO) conference on the biological effects of radiation in late 1956. Neel
had severely criticized the validity of extrapolating from experimental organisms to

humans, particularly focusing on Muller's work. Muller declared that Ned's paper was
considerably in error and should not be published, and Muller threatened to withhold

permission for WHO to publish his own paper if Neel's were not rewritten. At the very
least, Muller demanded time to substantially revise his own paper. He felt that he had
been blindsided by Neel's critique and that his paper must include a rebuttal if published

at all. Eventually, the crisis was resolved, with both papers revised and both published.
Each man believed that he had been treated unfairly by the other Muller by the
blind-sided and, he felt, scientifically flawed attack from Neel; Nec! by Muller's threat
that Neel's paper, or the group of papers in general, might not be published if Neel did
not accede to Muller's demands. Neel compared his situation with the earlier episode of
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the AEC's withdrawal of Muller's paper from the Geneva Conference. The WHO
controversy reflected intradisciplinary differences between Muller and Neel. Muller
thought that it was valid to extrapolate from his experimental organism of choice,
Drosophila, to

humans. Neel argued that only data from human populations could

provide adequate information for estimating human genetic effects. Their willingness or
unwillingness to extrapolate also rested on their different conceptions of scientific
responsibility. Muller believed that geneticists had a duty to provide estimates for policy

decisions, while Neel believed that, given the paucity of data, it was irresponsible to do

The WHO debate affected Neel' s position in a later debate in the NAS Genetics

Panel. The debate was over the inclusion of an appendix in the 1960 Report that would
present in detail Wright's position on genetic damage that he had first put forth at the
1956 Panel meetings. Neel had agreed to

sign

off on the 1956 Report with only a short,

vague mention of Wright's position, with which Ned was sympathetic. During the
deliberations on the 1960 report, Neel told Beadle that he was in a frame of mind where

6
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he would not sign the report without the addition of Wright's appendix. Neel
explained that this "perhaps emotional reaction" was due to his experiences in the WHO
debate.7

Another brief example from genetics comes in the classical/balance controversy
just alter the fallout controversy. Throughout the 1960s, Dobzhansky often became very
emotional when discussing his classical opponents, particularly James Crow, whom

Dobzhansky sometimes referred to as that "S.O.B. from Wisconsin." Dobzhansky felt,
rightly or wrongly, that Crow machinated behind the scenes to keep Dobzhansky's
protégé, Bruce Wallace, at the margins of the scientific community by seeing that he was

not invited to speak at conferences, by keeping him from being elected to the National
Academy of Sciences, and by not stating the incorrect assumptions upon which he based

his attacks on Wallace's scientific work. In other words, Crow was not playing fair.8
Of course, emotionalism among scientists might also be tied to commitment to

scientific concepts and ideas themselves. In an article written during the fallout debate,
Michael Polanyi discussed the importance of passion in science. According to Polanyi,
passion was integral to science for three reasons. First, passion has a selective function.
An important scientific observation or discovery evokes a passionate response from the
James Ned to George Beadle, 14 September 1959, American Philosophical Society Library, Neel
Papers, committees, NAS Radiation Committee.
8 8
See, for example: Dobzhansky to Mayr, 17 [June--almost certainly) 1960, American Philosophical
Society Library, Dobzhansky (B/D65.m), Dobzhansky Mayr correspondence 1937-1975 (restrictedO)
folder: Mayr, Ernst -1957-1960; Dobzhansky to Wallace, 6 March 1968, American Philosophical Society
Library, Wallace, correspondence, box 11, D. Reidel PubI.-Dyson-Hudson, FOLDER, Dobzhansky,
Theodosius; Dobzhansky to Wallace, 26 August 1968, American Philosophical Society Library, Wallace,
correspondence, box 11, D. Reidel Publ.-Dyson-Hudson, FOLDER, Dobzhansky, Theodosius; Lewontin
to Dobzhansky, 19 May 1970, American Philosophical Society Library, Dobzhansky, correspondence,
box, LEV-MA, folder: Lewontin, R C # 1; Dobzhansky to Lewontin, 21 October 1970, American
Philosophical Society Library, Dobzhansky, correspondence, box, LEV-MA, folder: Lewontin, R C # 1;
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scientist, allowing him to separate the wheat from the chaff and maintain a belief in
his find even if there is evidence against it; or letting him know what to discard even if

there is evidence for it. Second, passion has a heuristic function. It provides the
motivation and perseverance needed to pursue long years of research in order to realize

the fruits of one's insight. Third, passion has a persuasive function. It spurs a scientist
who has gained and proven to his own satisfaction a substantial insight or new vision of

reality, to convert others to his view. In cases where this new view is outside the
accepted conceptual framework of the scientific community he wishes to convert, this

conversion cannot happen through logical argument. Likewise, those who hold the old
view must justify their refusal to argue within the newly proposed framework by making

that framework appear unreasonable. Polanyi described this process (in the heart of the
Cold War):

He [the opponent of the scientific community] will be made to appear as
thoroughly deluded, which in the heat of battle will easily come to imply
that he was a fool, a crank, or a fraud. From there, we shall readily go on
to expose our opponent as a metaphysician, a Jesuit, a Jew, or a Bolshevik
as the case may be, orspeaking from the other side of the Iron

Curtainas an objectivist, an idealist, and a cosmopolitan. In a clash of
intellectual passions each side must inevitably attack the opponent's
person.9

Though not all the debates that included charges of emotionalism in the fallout
controversy concerned scientific issues that rose to the level of the paradigm shifts
implied by Polanyi, both the linear/threshold debate and the classical/balance debate had

Dobzhansky to Wallace, 27 May 1971, American Philosophical Society Library, Dobzhansky,
correspondence, box V0-Z, folder: Wallace, Bruce #3.
Polanyi, 'Passion and Controversy in Science," Bulletin of the Atomic Scientists, 13:4 (1957),
pp. 114-119, p. 116. Polanyi gives another, longer, discussion of this subject in his book Personal
Knowledge: Towards a Post-Critical Philosophy (Chicago: University of Chicago Press: 1958), pp.
132-202.
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high theoretical stakes (as well as policy implications in the case of the
linear/threshold and funding implications in the case of the classical/balance). Polanyi's
description of the consequences of persuasive passion fit well with many of the charges
leveled by scientists at scientists during the fallout controversy.
Finally, the scientific issues under debate were closely connected to a myriad of

social, political, and moral issues. Geneticists were concerned about the genetic health
of the population. Physicians were concerned about the immediate health of the
population. The link between the radiation debate and fallout balanced these public
health concerns against the needs of national security and moral questions inherent in the

development of nuclear weapons. All of the connections could add a strong emotional
component to the debate over low-level radiation effects. Regardless of the basis for the
emotional reaction, the rhetorical use of charges of emotionalism show how central the

concept of a good scientist was to the debate. A good scientist is objective, not
emotional. The use of "emotionalism" in the rhetoric of the fallout debate provides one
entry point for examining the interests and commitments that influenced how scientists
took part in the fallout controversy and how they constructed definitions of a
"responsible scientist."

Disciplinary Debate in the Larger Context
Though I have focused on the disciplinary aspects of the scientific debate over
fallout, I have also attempted to situate the debate within broader political and

institutional contexts. Indeed, it would be impossible not to bring in this broader
context, as scientists involved in the debate at the time fully recognized how intertwined
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the science and the politics of the fallout debate had become. In a 1959 talk on DNA,
Beadle added an aside regarding geneticists' concerns about increasing the mutation rate

through additional radiation exposure. This aside led to questions from the audience
about the apparent divergence of opinion among scientists over the effects of fallout on

human populations. Beadle replied that the relative importance one attached to genetic
effects usually depended on the scientist's views on the political and moral aspects of the

nuclear arms race.10 Contrary to Beadle's observation, few, if any, geneticists
emphasized the importance of genetic effects when discussing their views on weapons
testing. In his reply to the audience, Beadle said that though he did have some concerns
over the genetic impact of continued weapons testing, his main reason for concern was

the risk of war from a continued arms race. As noted above, even Muller believed that
the possible genetic hazards of fallout had been far overblown; however, he was willing
to allow overstatements of the hazard for the greater good of educating people about the

importance of genetics. Wallace and Dobzhansky agreed. In discussing the
disproportionate weight given by some scientists to the genetic hazard of fallout, they

stated: "Anyway, the popular interest aroused by discussions of genetic radiation
damage is all to the good, because this is an integral part of a vastly greater problem,
which has received nothing like the attention it merits, the problem of the genetic status

and of the evolutionary perspectives of mankind." While fallout may have catalyzed
the notion in some geneticists' minds that larger and larger segments of the human

George Beadle, "Molecules, Viruses, and Heredity," in Henry Jarrett, ed., Science and Resources:
Prospects and Implications of Technological Advance (Baltimore: The Johns Hopkins Press, 1959), pp.
3-21, pp. 14-16.
Wallace and Dobzhansky, Radiation, Genes, and Man, p. 137
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population would be exposed to radiation in the atomic age and that this posed a
genetic danger, they did not argue that fallout itself was a pressing threat.
Relationships between the politics of the fallout debate and disciplinary interests

are even more problematic with regard to physicians and medical researchers. As
already noted, there were substantial correlations between the disciplinary interests of
the medical profession and their conceptual approach to radiation effects, i.e., the

threshold concept, and the interests of the AEC. In addition, physicians were
overwhelmingly chosen to fill the upper-level administrative positions in the Divisions

of Biology and Medicine in the National Laboratories and in the AEC. However,
physicians' views on radiation hazards and their desire to maintain autonomy to
self-regulate their use of radiation predates the fallout controversy and the atomic age in

general. The membership of the Pathology Panel, obstensibly an independent scientific
body, was heavily weighted to physicians with close ties to the AEC or its predecessor,

the Manhattan Project. This may be an example of a self-perpetuating personal

networkmany of the geneticists on the NAS Committee also were on the advisory
committee circuit. Regardless, due to the AEC information policies and to its often
bungled public relations efforts, it was not an uncommon perception at the time that

scientists affiliated with the AEC were unduly disposed to the agency's point of view.
The importance of disciplinary affiliation over institutional affiliation is more

evident when one looks at geneticists. One notable exception to the preponderance of
physicians in the upper echelons of the AEC's biology and medicine programs was
Alexander Hollaender, a biophysicist with a strong interest in genetics, who headed the

Biology Division at Oak Ridge National Laboratory. Though his views on fallout and
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political leanings are not evident from the historical record, he was sympathetic with

geneticists' desires both to set permissible dose limits for the population and to provide
members of the medical community with an education in genetics and radiation hazards.

Though none of the staff geneticists for the AEC, such as Zelle, Plough, and Green,
became involved in the public debate over radiation hazards and fallout, all of them did
attempt to modify the publicly-expressed views of the AEC and the military about the

genetic effects of radiation. Zelle was able to push through an almost complete rewrite
of the genetics section of The Effects of Atomic Weapons. Plough published an article
strongly critiquing the genetics section of a military medical handbook on nuclear
weapons effects. As the fallout controversy broke, Green argued to his superiors that the

AEC needed to discuss the genetic effects with greater candor. William Russell, a
National Laboratory employee, who oversaw the single largest laboratory genetics
experiment funded by the AEC, consistently stressed the implications of his experiments

for evaluating human hazards. Though he primarily kept his publications to outlets
within the scientific community, he concluded most of his papers by pointing out that the

higher mutation rate he found in mice than in Drosophila suggested that genetic
radiation damage to humans might be greater than some supposed.

The question also arises as to whether the membership of some disciplines
generally tended to be more politically conservative or liberal than others. Most of the
geneticists involved in the fallout debate seemed to eventually favor a ban or limitation

on weapons tests. The implications of social and economic systems for the genetic
health of populations may have also led some geneticists to a more liberal politics. (For
example, in a 1933 paper, Muller stated that the values of the capitalist economic system
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would foster misguided genetic goals, and thus a radical change in the U.S. economic
system was needed.)12 On the other hand, the medical community was adamantly

against anything they believed might approach socialized medicine. During most of the
fallout controversy, physicians tended to support the government's civil defense policy
that a nuclear war was survivable if proper civil defense measures were undertaken.
Much of the discussion of the after effects of an atomic war in the medical community
centered on the role of the physician in insuring survival after the war, rather than on the

need to prevent such an occurrence in the first

place.'3

However, this characterization,

too, is problematic. Boyer notes that by 1958, when the fallout controversy began to
reach its height, several influential physicians had become politically active in seeking to

prevent the possibility of a nuclear war. 14
Though by no means directly applicable to the history of the fallout controversy,
a 1972 article, "Politics of Academic Natural Scientists and Engineers," also raises
questions about how to fit apparent political biases of disciplines into scientific/political

debates. The study, conducted in 1969, found that physics was the most liberal
discipline in the natural sciences, followed by biochemistry. Molecular biology was
slightly more liberal than medicine, which, in turn, was more liberal than physiology or

general biology. In addition, the study found that "dominant" or high-achieving
scientists, as determined by their publication record, as well as scientists who frequently
acted in a consulting or advisory capacity, were generally more liberal than

12

Hermann Muller, "The Dominance of Economics over Eugenics," The Scientific Monthly, 37:1(1933),
pp. 40-47.
13
Paul Boyer, Fallout, pp. 71-81.
14
Paul Boyer, Fallout, pp. 8 1-85.
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"rank-and-file scientists" and those who did little consulting work.15 The lack of
direct applicability of the study to the fallout debate is obvious when one considers the
significantly different social, political, and cultural contexts of the late 1960s from the

1950s. However, this study does suggest that some assumptions about the political
leanings of disciplines as a whole, and of scientists who were government consultants or

advisors, should be questioned. As the authors noted in the beginning of their article,
there was a general assumption in the 1960s that scientists who worked with government

agencies were more conservative and closely allied to establishment views. However,
this is not what the authors found.

Another aspect of the fallout debate where disciplinary and institutional and
political contexts intersected was the issue of the dissemination of information. As noted

above, the reticence of the medical community to publicly discuss radiation hazards

correlated well with the AEC's desire to minimize such discussions. In part, this
correlation can be attributed to the vested interest that both the medical community and
the AEC had in occupational uses of radiation and to their concerns that public fear of
radiation would inhibit these occupational uses and physicians' abilities to self-regulate.

However, other disciplinary concerns also entered into the equation. In Brues' article,
"The New Emotionalism in Research," he warned the medical community, and cancer
researchers in particular, to keep discussions of their work within the professional,

Everett Carll Ladd, Jr. and Seymour Martin Lipset, "Politics of Academic Natural Scientists and
Engineers," Science, 176:4039 (1972), PP. 1091-1100. Ladd and Lipset later published a book based on
their study; The Divided Academy: Professors and Politics (New York: McGraw-Hill Book Company,
1975). For other survey studies of scientists' political views and involvement in politics during this time
(late 1960s to early 1970s) see Albert H. Teich, ed., Scientists and Public Affairs (Cambridge, MA: The
MIT Press, 1974) and Arnett A. Elliott, Thomas C. Hood, and Jack E. Holmes, "The Working Scientist as
Political Participant," The Journal of Politics, 34:2 (1972), pp. 399-427.
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scientific community, so that overblown public descriptions of imminent success in
cancer research would not prove detrimental to the confidence in that research.

Alfred Gelihom, a physician at Columbia University's Institute of Cancer
Research, also voiced this fear. In his 1957 editorial, "Cancer Research and the Public,"

Gelihom discussed the difficulties posed by that a widespread public interest in cancer
research. In the glare of public interest, Gellhorn said that cancer researchers might not
want to admit the vast areas of uncertainty and ignorance that still remained in

understanding cancer. However, providing overly optimistic views of cancer research
progress and implying that more is known than is actually known was, in Gelihom's
opinion, dangerous because "since this is necessarily speculative rather than factual, an

enthusiasm of the moment may be built up to heroic proportions.. ,'16The
disillusionment that would inevitably follow the heroic buildup, he warned, risked
destroying public faith in cancer research.

In addition, Gellhom feared that such publicity might lead lay people to believe
that they knew the best directions for cancer research and attempt to influence the
allocation of research funds in accordance with their perceptions. He did not believe this

was a wise idea. Thus, the reticence of some scientists to discuss uncertain science
publicly might be based on a variety of causes. Many of the physicians associated with

the Pathology Panel and the AEC had been involved in cancer researchprobably a
larger proportion than were directly involved in the diagnostic and therapeutic use of

radiationand their views on public discussion of uncertain science may have been

16

Alfred Gelihorn, "Cancer Research and the General Public," Cancer Research, 17:3 (1957), pp.
155-156, p. 155.
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influenced by experiences beyond those directly connected with the occupational use
of radiation.

Some physicians associated with the ABC, such as Shields Warren and John
Bugher, obviously believed quite strongly in the necessity of weapons testing for

national security. However, attributing the positions of physicians and medical
researchers in their views on the significance of radiation hazards and the desirability of
discussing them in public to their ties to the AEC seems oversimplified. Even attributing

the similarities to their vested interests in the occupational uses of radiation may not tell

the whole story. The question of how to disseminate scientific information, particularly
with regard to uncertain science, seems to reach far beyond institutional or disciplinary
interests, though it is connected to them.
Though not discussed in detail in this dissertation, the spread of the fallout debate

engaged many scientists from different institutional and disciplinary backgrounds in

questions about the limits of scientific debate. Scientists in the Pugwash movement
tightly restricted their public statements on scientific issues related to disarmament,
while, in contrast, the Committee for Nuclear Information sought to disseminate

information on fallout as widely as possible. The role of other aspects of scientific
communication in the fallout controversy might also be fruitfully explored. For
example, one of Libby's tactics in mollifying scientists' concerns about fallout was to
meet with them personally. This method of conflict resolution was also used in the
WHO debate between Neel and Muller. Alexander Hollaender stated that if he could
just get the two of them together at Oak Ridge, he would be able to get the matter
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straightened out in a matter of hours.'7 Hollaender instituted a series of informal
dinners for participants at a radiation effects conference, believing that more fruitful
interaction happened over dinner than at the conference per

se.18

This is not to argue that scientists' institutional and interest-group affiliations
played an unimportant role in how some scientists engaged in the fallout debate.

However, the disciplinary influences on scientists' positions in the fallout debate, both
with regard to their evaluations of radiation effects and their opinions on responsible
scientific public debate, seem clearer and more consistent than political or institutional
influences. But the influences of disciplinary affiliations are by no means unproblematic
or tell the whole story. Examinations of possible differences between administrative and

advisory network scientists with rank-and-file scientists, of hybrid scientific disciplines,
and of broader debates within the scientific community over the public communication
of science all seem fruitful avenues for further uncovering the dynamics of the fallout
controversy.

Science and Policy
The scientific debate over fallout had a lasting effect on radiation protection

policy. In a sense, perhaps, the debates between geneticists and physicians over
radiation effects did conform to Polanyi's description of passionate controversy over
paradigm shifts. The paradigm shift, however, was not one within the scientific

' Alexander Hollaender to Curt Stern,

17 January 1957, American Philosophical Society Library,
Hollaender Papers, box N-S, folder Stern, Curt.
18
Alexander Hollaender to Z.M. Bacq, 13 June 1958, American Philosophical Society Library,
Hollaender Papers, A-H, [B H7 171, folder Bacq, Z.M.
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community as much as within the arena of radiation protection. The physicians, who

had instituted the threshold "paradigm" for radiation policy, used charges of
emotionalism to attempt to undermine the usurping geneticists and their linear paradigm.

By 1960, the Federal Radiation Council had officially adopted the linear hypothesis for
radiation protection.'9 The 1972 NAS Biological Effects of Ionizing Radiation (BEI.R)

Report, the successor to the 1956 and 1960 reports of the BEAR Committees, also
upheld the prudence of using the linear hypothesis for radiation protection standards.
However, the geneticists on the 1972 committee believed that their predecessors had

been too conservative and overstated the genetic effects, while the pathologists found
that their predecessors had likely underestimated the somatic

effects.2°

Policy recommendations had already started to diverge from the results of

scientific research much earlier than the 1972 BEIR Report. In 1958, Russell published
a groundbreaking paper showing that the dose-effect relationship was not linear, though

he still asserted that there was no threshold for radiation damage. By 1963, at the close
of the public fallout controversy, Richard Setlow and his colleagues at Oak Ridge

National Laboratory had demonstrated gene repair.2' Thus, two legs of the linear,
cumulative deleterious dictum were called into question. In 1963, the classical/balance
controversy among geneticists also reached a fever pitch, with the balance position
'9The adoption of the linear hypothesis for policy may have developed along a parallel, but different track
for chemical carcinogens. A retrospective article on the 1958 Delaney clause, barring any amount of an
additive shown to cause cancer in laboratory, animals traces the origins of the clause to a 1956
recommendation by the International Union Against Cancer that stated that for purposes of cancer
prevention, countries should implement rules prohibiting food additives that are potentially carcinogenic.
This recommendation does not directly address the question of a threshold, leaving what constitutes a
"potential" carcinogen open to question; Nicholas Wade, "Delaney Anti-Cancer Clause: Scientists Debate
on Article of Faith," Science, 177 (1972), pp. 588-59 1.

20vine, Blowing on the Wind, pp. 3 18-320.
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slowly gaining ground throughout the rest of the decade. This developing debate
began to raise more serious questions about Muller's simplified genetic load argument
and the degree to which additional mutations were detrimental. With regard to somatic
effects, the somatic mutation hypothesis also began to gain ground throughout the
1960s.22

This dissociation of policy from science is somewhat unsurprising. In several
ways, the linear, no-threshold model, which became the basis for radiation policy, was a

product of prewar science rather than postwar science. Though the Manhattan Project
era experiments of Curt Stern had carried the dosage used to determine the shape of the
dose-effect curve much lower than almost all prewar studies, few geneticists before the
war doubted the assumption of linearity.23 Indeed, the qualitative linear, cumulative,
deleterious dictum was a product of prewar genetics experiments and theories. Russell's
initial postwar experiments on mice did provide new information on the possible effects
on humans, but his specific-loci test was designed to detect similar types of mutations as

earlier tests, which were within the context of the classical theory. Work on the balance
hypothesis required different crosses to detect different mutational effects predicted by

the balance hypothesis, such as those developed by Bruce Wallace. Though the
21

Evelyn M. Witkin, "Radiation-Induced Mutations and Their Repair," Science, 152:3727 (1966), pp.

1345-1353.

22Leonard J. Cole and Peter C. Nowell, "Radiation Carcinogenesis: The Sequence of Events," Science,
150 (1965), PP. 1782-1886; J. Michael Bishop, "Cancer: The Rise of the Genetic Paradigm," Genes &
Development, 9 (1995), pp. 1309-1315; Joan Fujimura, Crafting Science, pp. 58-64.
23
The first chronic low-dose experiment was begun in the early 1940s by a student of Muller's at the
University of Edinburgh; S.P. Ray-Chaudhuri, "The Validity of the Bunsen-Roscoe Law in the Production
of Mutations by Radiation of Extremely Low Intensity," Proceedings of the Royal Society of Edinburgh,
Series B, vol. 62, 1944-1947 (1948), pp. 66-72. Muller told Stern of Chaudhuri's work and encouraged
him to verify the results as "many people might not be willing to stake everything on the word of an
unknown Hindu..."; Hermann Muller to Curt Stem, 8 March 1944, American Philosophical Society
Library, Stern Papers, correspondence, box MU, folder, Muller, H.J. #5.
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classical/balance debate had already begun before the 1956 BEAR Report, it was still

on the margins of genetic research. Muller's genetic load argument, which was used to
such effect in the Genetics Report was directly based on concepts outlined by Haldane in

1937. Thus, in many ways, the Genetics Report, which proved to be the watershed for
the "old" genetic paradigm in radiation protection, owed more to prewar genetics work
and its continuance than substantially new ideas or experiments.
With regard to somatic effects, cancer research carried over few certainties from
the prewar era. Primarily, this is because there were none except for the persistent belief

in a threshold for carcinogenesis. However, the radium standard, upon which the
maximum permissible concentration for internal emitters was based, was set before the
war and remained essentially the same one used for the 1956 Pathology Panel report. In
addition, the first study of leukemia incidence in physicians was started at the beginning

of the war. Lewis' key paper was primarily based on postwar scientific evidence.
However, it was the genetic paradigm, which Lewis' paper supported, but did not
initiate, that formed the basis for postwar policy.

Few of the key scientific questions raised by the fallout controversy have been

resolved within the scientific community. The linear/threshold debate over radiation
effects continues, and the rhetoric has not changed. In 1977, the National News Council,

which served to adjudicate claims of misleading media news reports, was asked to

address complaints about a news program on atomic wastes. An NBC news program
"Danger! Radioactive Waste" elicited a storm of protest from the nuclear industry (as
well as Bernard I. Cohen). One of the complaints from the nuclear industry was that the
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program had not pointed out that people already received natural background

radiation from a wide variety of sources. Their complaint continued:
.each of these sources gives him at least a hundred times more radiation
exposure than anyone expects him to get from radioactive wastes even if
all our power were nuclear. Moreover, medical and dental x-rays give
him several hundred times as much.24

NBC replied that the program had been produced in consultation with highly regarded
experts in the scientific community and offered this rejoinder:
We do not think that the existence of dangers in other forms of energy or
in other toxic elements negates the dangers of radioactive waste, although
those are frequently cited to minimize the danger by special interest
parties.25

The outside experts consulted by the National News Council, which included Merril
Eisenbud, Irwin Bross, Lauriston Taylor, and James Neel, concluded that, by and large,

the program had given a reasonable journalistic interpretation of the subject. Their
judgment stated:

As to the complainants' allegation of factual errors and
misrepresentation, we note first many of the so-called errors cited by
complainants are, in truth, matters of opinion, interpretation and
emphasis. There are few absolutes and indisputable facts on this subject;
scientists rarely agree.
In the wake of the 1956 presidential campaign, which had catapulted fallout into a
widespread national controversy, Eugene Rabinowitch penned the editorial, "The
Lessons of a Fateful Month." Rabinowitch lamented that the involvement of scientists in

the debate over fallout during the campaign "merely served to discredit scientists as
24CharIes Alexander, Research Coordinator, The National News Council to James Neel, 7 December
1977, enclosure: Council's decision on complaints against NBC "Danger! Radioactive Waste," American
Philosophical Society Library, Neel Papers, correspondence, box Alan-Am. Coil, of Med. Genetics,
folder Alexander, Charles.
Charles Alexander to James Neel, 7 December 1977.
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(relatively) objective advisers of public opinion."26 Twenty years later, the scientific

consultants to the National News Council could matter-of-factly state that "scientists
rarely agree."

Who Won the Fallout Debate?
Though geneticists rarely agreed on quantifying the genetic effects of radiation
exposure, their agreement that genetic injury from radiation was linear, cumulative, and

deleterious allowed them advance many of their disciplinary goals. Their ability to
present a scientific certainty stood in stark contrast to the uncertainty of almost all other

scientific evaluations of the biological effects of radiation. In addition, the relative
ignorance of genetics by scientists in most other fields of biology and medicine allowed
geneticists to maintain unchallenged expert authority with regard to genetic injury. As a

result, geneticists were able significantly to influence radiation protection policy. Their
success in publicizing genetic hazards and the importance of the human genetic heritage

forced policy-making bodies, such as the NCRP, to include genetic considerations in
radiation protection recommendations and to develop guidelines for the general

population. In addition, geneticists were able to achieve another aimchanging medical
practice in radiation therapy and diagnosis. The BEAR report raised public awareness of

the potential genetic hazards of medical uses of radiation. In reaction, physicians
decreased their use of diagnostic x-rays, adopted more protective measures, and

generally stopped practices such as pelvimetry. The increased recognition of genetic

26

Rabinowitch, "The Lessons of a Fateful Month," Bulletin of the Atomic Scientists, 12:11
(1956), p. 354.
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effects by the medical community also spurred them to invite more geneticists to take

part in medical conferences and symposia. In addition to discussing the genetic effects
of radiation at the meetings, geneticists such as Neel also took the opportunity to discuss

the growing number of ways in which genetics was applicable to medicine. Thus, the
fallout debate helped to accelerate the inclusion of genetics in medical education and
research.

An additional factor in the geneticists' success in altering radiation protection
policy to conform to the linear hypothesis of radiation injury was the widespread
acceptance given Edward Lewis' paper on radiation and leukemia. Though the majority

of physicians did not agree with Lewis, they could not prove him wrong. By
emphasizing the inadequacy of the scientific evidence in order to undercut Lewis'
conclusions, the physicians left themselves unable to present a strong

counter-hypothesis. The debate over Lewis' hypothesis focused on the validity of
statistical evidence. The resistance of the physicians on the Pathology Panel to accepting

Lewis' statistical evidence as valid revealed some of the tensions created by the shift
away from prewar approaches to determining the causal mechanisms of disease. The
move from clinically detectable, deterministic causes to statistically measured increases
in risk placed scientific debates about public health on a profoundly different basis. The

available evidence was far more uncertain. Instead of a definitive cause and effect
relationship, scientists could usually only provide a range of values for the probability
that exposure to a certain agent would increase the incidence of a disease in a population.

This risk-factor approach placed much greater importance on how a scientist interpreted

the evidence, as well as how he or she expressed the interpretation. Once the microbe
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responsible for malaria had been determined, it was relatively easy to explain to the

public the casual pathway of the disease and what steps could be taken to reduce one's

chance of contracting the illness. Explaining the additional risk for cancer that might
result from low-level radiation exposure was quite a different matter. Scientists in the
fallout debate constantly attacked one another for improper qualification or emphasis.
Often they charged those with whom they disagreed as being overly-emotional,
implying a loss of scientific objectivity.

From this perspective, no one won the fallout debate. The scientific evidence remained
too uncertain for scientists to concur on what constituted responsible scientific
communication about radiation effects to the public.
The importance of the fallout debate lies not so much in who, looking back,
seems to have "won" (in this case perhaps the geneticists), but on how that history relates

to the present. Examining the fallout debate helps to make clear the issues that continue

arise in cunent public scientific debates, particularly over environmental and public
health hazards. In a recent New York Times article entitled "Politics Reasserts Itself in
the Debate Over Climate Change and Its Hazards," a scientist who testified at the recent
Congressional hearings on global warming expressed his desire to return to debating the

issue within the scientific community. "We should all just try to resolve this issue," he
stated, "instead of going into a Senate hearing with all this circus." But, as the author of

the article concluded: "The circus, however, promises to return to town."27

27

Andrew C. Revkin, "Politics Reasserts Itself in the Debate Over Climate Change and Its Hazards," New
York Times, 5 August 2003, p. F2.
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