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ATOMIC TESTING AND POPULATION GENETICS: 

The AEC and the Classical/Balance Controversy, 1946-1957 

by 

Michael William Seltzer 

Joseph C. Pitt, Chairman 

Science and Technology Studies 

(ABSTRACT) 

The position of the United States Atomic Energy 

Commission (AEC) in the 1950s on the genetic hazards of 

fallout and radiation was a distortion of the views of 

geneticists from both sides of the classical/balance 

controversy, an intrascientific dispute among geneticists. 

In their attempt to demonstrate the harmlessness of test 

fallout, AEC officials argued that low levels of radiation 

were at worst genetically insignificant, and at best 

genetically beneficial. These arguments ran counter to the 

prevailing views of geneticists and represented a misleading 

attempt to deflect public and scientific criticism of the 

AEC’s atomic testing policies. Among the factors 

contributing to the distortion of views on genetic effects 

among the general public and government officials were the 

AEC’s unwavering commitment to atmospheric atomic testing; 

the failure to include geneticists in policy-making 

positions within the AEC and governmental radiation policy



committees; confusion over the genetic effects to 

populations, as opposed to individuals; and the sharp 

polarization within the genetics community that resulted 

from the theoretical disagreements embodied in the 

classical/balance controversy, a dispute over the nature of 

genetic variation and evolutionary natural selection.
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CHAPTER I 

INTRODUCTION AND LITERATURE REVIEW 

Introduction 

In this thesis I investigate the role of 

geneticists in the American controversy over the dangers of 

fallout and radiation. More specifically, I explore how 

disagreements over theory and experiment in genetics 

intertwined with the debates over radiation hazards and the 

atmospheric testing of atomic weapons. One component of the 

fallout debate was the status of scientific evidence from 

evolutionary and population genetics. What was the import 

of the scientific evidence in determining whether fallout, 

or low-level ionizing radiation in general, causes genetic 

damage to human populations? If fallout does cause genetic 

damage, what is the nature and scope of the damage? Such 

questions needed answers in the 1950s if officials were to 

successfully implement radiation exposure guidelines and 

atomic testing policies. 

I argue that the position of the United States 

Atomic Energy Commission (AEC) on the genetic hazards of 

fallout and radiation distorted the views of geneticists 

from both sides of the classical/balance controversy, an 

intrascientific dispute among geneticists. In their attempt 

to demonstrate the harmlessness of test fallout, AEC



officials argued that low levels of radiation were at worst 

genetically insignificant, and at best genetically 

beneficial. These arguments ran counter to the prevailing 

views of geneticists and were an attempt by the AEC to 

deflect public and scientific criticism of its atomic 

testing policies. Among the factors contributing to the 

distorted views on genetic effects among the general public 

and government officials were the AEC’s unwavering 

commitment to atmospheric atomic testing; the failure to 

include geneticists in policy-making positions within the 

AEC and governmental radiation policy committees; confusion 

over the genetic effects to populations, as opposed to 

individuals; and the sharp polarization within the genetics 

community that resulted from the theoretical disagreements 

embodied in the classical/balance controversy, a dispute 

over the nature of genetic variation and evolutionary 

natural selection. 

In Chapter I, I review the literature on the 

classical/balance controversy in population genetics and the 

relevant literature on the atomic testing controversy. The 

focus is on guestions concerning the epistemological 

foundations of the theories involved in the disputes, as 

well as on the historiographical choices that must be made 

in order to provide adequate answers to interpretive 

questions involving the controversies. Chapter II provides 
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an historical overview of radiation exposure guidelines and 

the atomic testing controversy, focusing on the genetic 

effects of radiation. In Chapter III, I show how the AEC 

utilized data from evolutionary and population genetics to 

argue that the genetic effects of fallout were insignificant 

and perhaps even beneficial. The AEC’s position can be seen 

as an attempt to deflect increasing opposition to its policy 

of atmospheric atomic testing. 

The literature on the atomic testing controversy 

is sizeable.* Much of it relates to the 1963 Partial Test 

Ban Treaty and its historical and political context. Few 

works focus specifically on the scientific issues involved 

in the atomic testing controversy; even fewer focus on how 

the U.S. government sought to legitimize its policy 

decisions in light of scientific data. In this thesis, I 

focus on the interaction between scientific theory and 

policy justification. The theoretical controversy in 

population genetics, known as the classical/balance 

  

‘In this chapter | survey literature on the atomic testing controversy. However, | exclude those 

works on the Partial Test-Ban Treaty of 1963 (PTBT). An excellent account of the events leading 
up to the PTBT is Seaborg (1981). Signed by over 100 nations on August 5, 1963, including the 
USA, USSR, AND UK, the PTBT banned all nuclear explosions in the atmosphere, in outer space, 
and under water. The text of the PTBT is in Goldblat and Cox (1988), pp. 349-50. Since 1963, 

two countries which did not sign the PTBT, France and China, have conducted atmospheric 
nuclear explosions. In addition, India, one of the original signers, conducted one atmospheric test 

in 1974. France announced its intention to stop atmospheric testing in 1975; China in 1986. The 

last atmospheric test was China’s test on October 16, 1980 (Norris and Ferm 1988).



controversy,* became drawn into the atomic testing debate 

in the mid-1950s. 

By the early 1950s, two predominant positions had 

emerged in theoretical population genetics. According to 

the classical view, whose main proponent was the geneticist 

Hermann J. Muller (1890-1967), most genetic loci (genes) in 

natural populations are homozygous for "wild-type" genes. 

That is, identical alleles (the gene components from each 

parent) exist at these loci, and the particular alleles in 

the homozygous condition may be taken to be the "normal" and 

even "optimal" condition in terms of fitness (a measure of 

the organism’s ability to survive in a particular selective 

environment). For Muller, what this boiled down to was the 

position that favorable mutations are rare in natural 

populations, and that evolution operates to eliminate 

deleterious mutations from the population. Hence, natural 

selection would have to wait for the occasional favorable 

variation, as most mutations would be bad. In terms of the 

genetic effects of radiation, the implication is clear: any 

increase in the mutation rate would be harmful to future 

generations. Hence, any amount of increased radiation 

exposure would be expected to increase the "genetic load" of 

  

*Historical accounts of the classical/balance controversy include Beatty (1987), Crow (1987), 

and Lewontin (1987). Lewontin (1974) is a technical overview of the foundational problems of 
the controversy.



deleterious mutations in the population resulting in future 

generations with an increased number of individuals with 

varying amounts of genetic damage. Muller (1950) set forth 

his position in detail in his paper "Our Load of Mutations." 

Here Muller originated the "genetic load" concept? and gave 

his detailed theoretical arguments against increased 

exposure to radiation based on that theoretical position. 

Muller, who won the 1946 Nobel Prize for his work on 

inheritable mutations in Drosophila melanogaster (Muller 

1927), could not have presented his arguments in a more 

emotionally charged social and political context: the 

Soviet Union had exploded its first atomic bomb in 1949, 

Truman ordered the crash-program on the hydrogen bomb in 

1950, and the era of programmatic atomic testing was to 

begin in 1951. 

The main adherent of the balance view was the 

theoretical population geneticist Theodosius Dobzhansky 

(1900-1975). It was Dobzhansky (1955) who outlined and 

labeled the opposing positions the "classical" and "balance" 

positions at the 1955 Cold Spring Harbor Symposium, an 

international gathering of population geneticists. 

  

3Wallace (1970) credits Muller with originating the term ‘genetic load.’ (p. vii) Muller first 
used the term in his Presidential Address before the American Society of Human Genetics in New 

York City on December 29, 1949. Muller’s (1950) paper, "Our Load of Mutations," is based on 
this address. However, Wallace (1991) suggests the concept of genetic load goes as far back as 

Haldane’s (1937) paper, "The Effect of Variation on Fitness.” (pp. 1-2)



According to the view that Dobzhansky held by that time, 

most genetic loci in natural populations are heterozygous. 

That is, the genes have different allelic contributions from 

each parent. Such variation in natural populations provides 

the raw material upon which natural selection can operate. 

Dobzhansky believed that heterozygotes were better protected 

against changes in the environment than homozygotes; 

therefore, in changing environments they were more fit 

(Lewontin 1987, pp. 344-5). The implication for the genetic 

effects of radiation is again clear. If, in the extreme 

interpretation of the balance position, most new mutations 

are of the balanced type, one could predict that an increase 

in heterozygosity caused by mutations resulting from 

increased exposure to radiation might lead to increased 

fitness of the population as a whole. Experiments which 

seemed to confirm this were performed by several of 

Dobzhansky’s students and former students, including Bruce 

Wallace. Such results could be interpreted to suggest that 

a modest increase in radiation exposure might actually be 

beneficial to future generations. Obviously, such an 

interpretation differed radically from that of the classical 

view. In terms of justifying increased radiation exposure, 

the balance view seemed to offer positive support. 

In fact, the United States Atomic Energy 

Commission (AEC) utilized this interpretation to deflect



increasing public opposition to atomic testing (Cf. Beatty 

1987, pp. 301-11). This is discussed in more detail in 

Chapter II. What is significant is that AEC officials 

publicly offered the argument that low levels of radiation 

might be genetically beneficial to the human race. This 

reassurance was offered at the height of the fallout 

controversy when the candor of the AEC was in question; 

whether this was a knee-jerk reaction or was premeditated is 

an open question. It is clear, however, that after the 

experiments of Bruce Wallace (Wallace and King 1951; Wallace 

1956, 1958), Mikhail Vetukhiv (1953), and others, such 

arguments had at least indirect experimental evidence, and 

they became standard components of the tactics of the AEC. 

Indeed, similar arguments are offered even today when the 

safety of nuclear power plants is questioned: 

There is a lot of evidence that low radiation doses not 
only don’t cause harm but may in fact do some good. 
After all, humankind evolved in a world of natural 
low-level radiation. (Quoted in Cobb 1989, p. 411) 

This statement, made by an MIT nuclear engineer, ignores 

(or presupposes mistaken answers to) many of the 

foundational questions of evolutionary genetics. A 

fundamental question remains, however. While today we may 

be justified in concluding that such a statement goes well 

beyond the available evidence and amounts to misleading 

rhetoric, was such a statement reasonable in the mid-1950s?



As a basis for policy formulation or justification, was the 

AEC warranted in making such an inference based on the data 

then available? This question is complex and requires 

historical as well as epistemological arguments in order for 

it to be adequately answered. 

Literature on the Classical/Balance Controversy 

Only a handful of works are available that deal 

directly with the classical/balance controversy (Beatty 

1987; Crow 1987; Lewontin 1974, 1981, 1987). Crow and 

Lewontin are trained geneticists; not surprisingly, they 

focus mainly on the scientific developments in population 

genetics and on the underlying conceptual problems. A few 

of these works (Beatty 1987; Crow 1987; Lewontin 1987) 

attempt to relate the classical/balance controversy to the 

wider social and political context. However, while these 

attempts are useful in this regard, they do not put the 

controversy in a wider historical context. How the 

classical/balance controversy became intertwined with the 

controversy over low-level radiation hazards, with 

developments in policy concerning exposure guidelines, and 

with official government attempts to publicly defend its 

policies, are questions which have not been fully explored. 

Only when such a wider perspective is gained can we attempt 

to answer whether the AEC’s use of the scientific data was



warranted on scientific grounds. Only then will we be ina 

position to evaluate the significance of this episode for 

broader concerns, such as policy formation, studies of 

scientific controversies, and historiography. 

Lewontin (1974) gives the best analysis of the 

philosophical problems underlying the classical/balance 

controversy. He outlines what is necessary for evolutionary 

theory to give an adequate account of the evolution of some 

specified system (ch. 1). What is needed, to start with, is 

an account of variation within and between species, and how 

this is determined genetically. This requires an adequate 

description of the state of the system under investigation. 

His criterion of adequacy has two components. First, a 

dynamically sufficient description of the state must be 

given; this ensures that one will be able to find the laws 

of transformation necessary to specify the future states of 

the system (pp. 6-7). Second, the state description must be 

empirically sufficient; that is, the state variables or 

parameters involved must be measurable. Problems with 

measurement generally include matters of precision. Low 

precision in the measurement of a state variable will result 

in comparatively high error for the corresponding predicted 

values of the variable at future times (pp. 9-11). 

However, it may be that precision is not the 

problem. Perhaps the very measurement cannot in principle



be made. According to Lewontin, the measurement of the 

fitness of genotypes is one such variable. One component of 

this variable is 

the probability of survival from conception to the age 
of reproduction. But by definition the probability of 
a survival is an ensemble property, not the property of 
a single individual, who either will or will not 
survive. To measure this probability we then need to 
produce an ensemble of individuals, all of the same 
genotype. But if we are concerned with the alternative 
genotypes at a single locus, we need to randomize the 
rest of the genome. In sexually reproducing organisms, 
there is no way known to produce an ensemble of 
individuals that are all identical with respect to a 
Single locus but randomized over other loci. Thus a 
theory of evolution that depends on the 
characterization of fitness of genotypes with respect 
to single loci is in serious trouble, trouble that 
cannot be cleared up by a quantitative improvement in 
the accuracy of measurement. The theory suffers from 
an epistemological paradox. (p. 10) 

It seems, following Lewontin, that there were serious 

epistemological problems underlying the theory and practice 

of evolutionary genetics of the 1950s and 1960s. It simply 

was not possible in practice to answer certain key 

questions. 

Moreover, with respect to the classical/balance 

controversy, Lewontin devotes an entire chapter to showing 

how the experimental and theoretical developments in 

population genetics were (and still are) inadequate in 

deciding between the two theories (ch. 2). These 

developments go well beyond the period of atmospheric 

testing and continue to the present day. Indeed, Lewontin 
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believes the classical/balance controversy has not been 

resolved, but has been merely transformed into another 

related controversy, the neutralist/selectionist controversy 

(Lewontin 1987). 

We must be careful, however, not to evaluate the 

classical/balance controversy using later developments in 

genetics or molecular biology; that would amount to 

Whiggism.* A scientific or technical controversy should be 

evaluated in its historical context and we should limit 

ourselves to the knowledge then available. This does not 

mean that we cannot impose an historical interpretation on 

those events. This we must do, and we must choose an 

adequate historiography. Thus, it seems that the choice of 

historiography may have an important bearing on how key 

questions relating to scientific controversies are answered. 

Lewontin (1974) has chosen to provide a lengthy overview of 

the foundational problems of his discipline. Given this 

objective, he does not speak to the broader historical and 

cultural context of, for example, the early to mid-1950s. 

Hence, his analysis does not answer the questions posed by 

this thesis, including: was the AEC scientifically 

  

“Kragh’s (1987) account of George Sarton’s (1884-1956) historiography is a good description of 
Whig history: The historian "ought to evaluate earlier contributions in relation to their 
predecessors; and when making his evaluation, he should focus on whether the development 
concerned constituted a step forward. The extent to which this was the case can be determined 
by using modern standards of progress and rationality.” (p. 18) 

11



warranted in using the data from the balance view in 

population genetics in order to justify continued testing of 

atomic weapons? 

Lewontin (1987) puts the classical/balance 

controversy into an historical outline. Here he shows the 

progression of the views of his former teacher, Dobzhansky. 

Lewontin’s main point, however, is to argue that the 

classical/balance controversy was not resolved in the 

mid-1960s, the earliest point at which direct experimental 

evidence could be brought to bear on the question of whether 

populations are mostly homozygous for "wild-type" genes, or 

whether large numbers of genes are polymorphic.° Instead, 

the controversy became transformed into the 

"neutralist/selectionist" debate. Hence, the main problems 

of the classical/balance controversy were not resolved by 

the time the controversy disappeared as an historical 

construct. Lewontin argues that while it has been generally 

agreed that there is "a lot" of genetic polymorphism, a 

certain amount of genetic variation might be neutral with 

respect to selection. On this view, "polymorphism might be 

for genetic variation that has no connection with selection, 

because the genetic differences would not be reflected in 

  

°A polymorphic population is one with two or more recognizably different types of individuals 
within one interbreeding group, which occur in frequencies which cannot be accounted for by 
recurrent mutation Jepsen, Simpson, and Mayr 1963, p. 458). 

12



differences in physiology and morphology." (p. 338) 

Therefore, even if it is agreed that the problem of 

variation has been adequately resolved’, how that bears on 

the problem of deciding upon the correct mechanism of 

natural selection remains an open question. 

Again, Lewontin has put his finger squarely on the 

relevant epistemological problems underlying his discipline. 

These problems, though, are relevant to the context of the 

atomic testing controversy only insofar as they were 

explicitly entertained by the key players. Lewontin shows, 

interestingly enough, that Dobzhansky held a "neutralist" 

view for chromosomal inversions up until about 1943 (Cf. 

Dobzhansky 1982, ch. 4). Before that time, he also held the 

position that genic variation "was deleterious and was 

maintained in natural populations only because it was 

recessive and therefore protected in heterozygous condition. 

." (p. 341) As Lewontin points out, this position is 

close to what Dobzhansky later dubbed the "classical" 

position. 

Lewontin even recalls an experiment Dobzhansky 

often mentioned while Lewontin was his student from 1951 to 

1954 (p. 341). This experiment (Dobzhansky and Spassky 

1947), published in the first volume of Evolution, seemed to 

  

®Lewontin (1974) argues that the problem of variation has not been unequivocally resolved. 
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confirm the very antithesis of the balance view. The 

authors used strains of Drosophila pseudoobscura which were 

homozygous for certain chromosomes carrying deleterious gene 

complexes. They raised 50 generations of the flies, some in 

homozygous condition, some in the "balanced," or 

heterozygous condition. Convinced that the "genetic 

diversity which arose in [the] chromosomes during the fifty 

generations of the experiments must have appeared by 

mutations," (p. 213) and not by recombination, the authors 

found that most of the homozygous strains had increased 

viability while most of the balanced lines degenerated. 

They offered the following interpretation: 

Balanced strains accumulate deleterious mutations 
because recessive mutations, that arise in balanced 
chromosomes, are sheltered from natural selection, 
regardless of how deleterious they may be in double 
dose [homozygous condition]. In homozygous strains, 
deleterious mutants are eliminated while beneficial 
mutants are multiplied, eventually supplanting the 
original genotypes. (pp. 208-9) 

So by early 1947, Dobzhansky had not yet adopted 

the view that heterosis was common in natural populations.’ 

Indeed, Dobzhansky then proposed a limited role for natural 

selection, one that "sheltered" balanced chromosomes from 

  

’Dobzhansky and Spassky (1947) refused to accept heterosis as an interpretation for their 

experiments. To explain the "appearance of recessive lethals in the balanced chromosomes which 
did not contain such lethals at the start of the experiments," (pp. 213-14) the authors rejected 

natural selection as the cause. They argued: "Unless one supposes that individuals heterozygous 

for recessive lethals are favored by natural selection and replace the lethal-free genotypes in the 

populations of the balanced flies, the spread of the lethals can be ascribed only to chance." (p. 
214) 

14



its effects and "eliminated" harmful mutations from 

homozygous populations. Furthermore, Dobzhansky believed 

that "beneficial mutations are much less frequent than the 

deleterious ones." (Dobzhansky and Spassky 1947, p. 215) 

These views appear to be in accord with Muller’s. It is 

interesting to note, however, Dobzhansky’s view on the 

ability of natural selection to alter the effects of 

irradiation on heterozygous populations. He believed that, 

with unrelenting selection, living populations may not 
merely purge themselves of deleterious mutants induced 
by X-radiations, but may undergo progressive 
improvements. (p. 214) 

Later in to the 1940s and early 1950s, Dobzhansky 

became increasingly convinced that natural selection acted 

on inversions with heterozygotes more fit than homozygotes; 

that is, heterosis, or the increased fitness of hybrids, was 

at work. But he did not yet claim that the superior fitness 

of heterozygotes held in general. This came only after 

experiments he designed for one of his students, Mikhail 

Vetukhiv, showed that overdominance (the superior fitness of 

a heterozygous locus in comparison with each of its 

homozygous counterparts) apparently must hold in general 

(Vetukhiv 1953). Other experiments also seemed to confirm 

this (Lewontin 1987, pp. 343-4). So by 1953 or 1954, 

Dobzhansky was fully committed to what Lewontin takes to be 

one of the most extreme versions of the balance theory. 

15



Lewontin believes that Dobzhansky’s conversion to 

the view that balancing selection was equivalent to 

heterosis was underdetermined by the facts (pp. 344-345). 

As evidence for this, he cites problems with the design of 

the Vetukhiv experiments and Dobzhansky’s dismissal of the 

results of other conflicting experiments. Furthermore, 

Lewontin implies that other interpretations of the balance 

view were not given adequate consideration. Lewontin 

believes that Dobzhansky may have become convinced that 

heterosis explained balancing selection after the 

publication of Genetic Homeostasis by his friend Michael 

Lerner (1954). In this work, Lerner argues that 

heterozygotes would be more fit than homozygotes ina 

changing environment, because they would be better protected 

against environmental fluctuations (p. 345). 

So by the time of the onset of the fallout 

controversy in 1954, Dobzhansky was fully committed to the 

balance view of selection. It is almost as if events were 

conspiring toward confrontation and controversy. Yet more 

explanation is needed beyond merely showing that other 

experiments pointed to alternative interpretations of the 

experimental data involving genetic variation and natural 

selection. Lewontin’s conjecture that Lerner’s influence 

may have played a role is instructive. Dobzhansky himself 

(1962, p. 296) supports this view when he cites Lerner as a 

16



proponent of the balance theory, along with himself (1955) 

and Bruce Wallace (Wallace and Dobzhansky 1959). Other 

historical evidence is available to shed light on these 

questions, and on broader historical questions. 

Lewontin (1981) presents a less historicist view 

of Dobzhansky’s work. Lewontin here concludes that the 

classical/balance controversy was the result of the "faulty" 

theories of Muller and Dobzhansky (p. 115). Muller’s (1950) 

work "is, by its nature, unable to cope with the realities 

of natural populations." Conversely, Dobzhansky’s work, and 

that of his collaborators, for Lewontin 

was unable to refute the theoretical arguments on which 
the load theory was built. The experiments were 
largely incapable of resolving the problems to which 
they were addressed. The lesson, it seems, is that a 

faulty theory, coupled to inadequate experimental 
tests, can lead only to controversy. (p. 115) 

Lewontin concludes with this assessment of Dobzhansky’s 

efforts: 

Dobzhansky worked throughout his career at the limits 
of resolution of the techniques available to him. 
Anyone who does so risks describing things and events 
that others cannot see clearly; only time and the 
development of still better techniques will resolve the 
dispute over the genetics of natural populations. (p. 
115) 

Despite this seemingly definitive assessment of 

Dobzhansky’s work, Lewontin is here more revealing 

concerning Dobzhansky’s eventual commitment to generalized 

overdominance. He states that Dobzhansky’s conversion "did 

17



not come easily," and that he initially found the 1953 

Vetukhiv results difficult to accept. Lewontin quotes 

Dobzhansky aS saying, as late as 1955, that instead of 

accepting the results of Wallace and King (1951; which also 

supported overdominance and heterosis), that he "would 

rather believe in Muller." (p. 103) Unfortunately, without 

further explanation, this is not helpful in accounting for 

Dobzhansky’s transformation. Hence, it is not helpful 

toward assessing answers to questions of wider historical 

Significance. Again, further historiographical 

considerations, beyond the epistemological analysis of the 

scientific data, are necessary, and these must be explicitly 

specified.’ 

Other attempts at placing the classical/balance 

controversy in a broader historical context have been more 

successful. Crow (1987) is as equally puzzled as Lewontin 

about Dobzhansky’s switch to the view that overdominance is 

prevalent in natural populations. Crow (1948, 1964, and 

others) had held a position closer to the classical view of 

Muller, and he 

could not understand the need to postulate that most 

  

®Burian (in press) provides useful information on Dobzhansky’s changing views on natural 

selection in the 1940s and 1950s. Burian argues that Dobzhansky’s growing belief in the power 

of selection and in its operation at all levels (and not only at the species level) must be 
"interpreted against the background of earlier disputes in Russia as well as the more familiar ones 

in the United States and England, and that it marks a major departure from the Russian biological 
traditions within which Dobzhansky was raised." 

18



loci were overdominant. [A] minority of such loci 
could still exert the major influence on population 
fitness, and to postulate that 50-100 percent of loci 
were overdominant seemed unnecessary. Furthermore, I 
thought that this would cause an excessive genetic 
load. (Crow 1987, p. 359) 

Crow continues at great length to criticize Dobzhansky on 

this point, arguing that Dobzhansky "consistently 

overinterpreted his data." (pp. 372-3) Crow bases his 

charge on the fact that he and others could not replicate 

Dobzhansky’s results in the 1950s and 1960s. He even goes 

as far as to say that subsequent experimental results have 

been closer to the classical position than to the balance 

position (pp. 371-9). He unequivocally states that 

we can rule out the possibility that the bulk of the 
variation [in natural populations] is maintained by 
overdominance. The data are most consistent with a 
mixture of neutral and deleterious alleles, with 
perhaps a small contribution from balancing selection. 

(p. 379) 

So far Crow seems to present his analysis as 

definitive. However, he does not use his later personal 

reflections to explain the historical context. Many of his 

comments are derived from his thinking at the time of the 

height of the controversy. Moreover, Crow places the 

classical/balance controversy into the wider context of the 

debates over radiation hazards, the debates over the 

establishment of radiation exposure guidelines, and the 

contemporary concerns over eugenics of Dobzhansky and 

especially of Muller (pp. 370-1; 379-80). Unfortunately, 
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other than mentioning these contexts, Crow offers little in 

the way of historical interpretation. This does raise, 

however, some important guestions. Beatty, Crow, and 

Lewontin agree that decisive transformations in theoretical 

interpretations of experimental data are underdetermined by 

available data. Given this agreement, what then are the 

important factors contributing to these developments? Other 

than stating that such developments took place within 

complex political and social contexts, what can be said 

about the influences or possible influences among these 

factors? 

Crow maintains that the report of the National 

Academy of Sciences Committee on the Biological Effects of 

Atomic Radiation (BEAR I, 1956), on which both Dobzhansky 

and Muller served, "had a large influence in determining 

radiation protection policy and setting radiation exposure 

limits." (p. 370) Given this, and given Muller’s crusade 

for radiation safety and the underlying interests in human 

evolution of both Dobzhansky and Muller, can anything 

positive be said about these "external" factors? The 

reluctance to attempt answers to such questions is a common 

characteristic of the works here surveyed. It is as if 

these writers wish to acknowledge the wider historical 

context, yet they do not wish to, or cannot, go further in 

their interpretation. This stopping-short probably results 
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from their motivation to answer questions relating to the 

narrower context of a scientific controversy. One needs 

further historiographical criteria, beyond interpretations 

of experimental data. These criteria must go beyond the 

scientific or epistemological status of the experimental 

data. Identifying such criteria is not necessarily a simple 

or straightforward matter. 

The fullest contextual account of the 

classical/balance controversy is John Beatty’s (1987). 

After his treatment of the technical issues involving the 

experimental evidence and its interpretation, Beatty devotes 

considerable effort to analyzing the policy considerations 

inherent in the controversy. His opening remarks in this 

connection are revealing: 

Both Dobzhansky and Muller took advantage of the 
ambiguities in the issues and in the evidence to hold 
to their respective positions in the face of each 
other’s best findings. Their intransigence is at least 
in part explained by their shared belief that the 
scientific issues had strong implications for public 
policy. They both feared that a mistakenly premature 
resolution to their controversy might have dangerous 
social consequences. Thus they acted to forestall a 
resolution by demanding extremely high empirical 
Standards for assessing each other’s work. (p. 301) 

Here is a type of historical analysis largely absent from 

the other accounts here considered. Beatty claims that 

certain social implications of the scientific controversy 

were instrumental in preventing a resolution of the 

controversy. He considers the important factors to be 
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Dobzhansky and Muller’s deep-seated interest in human 

evolution, the connection of such interests to eugenic 

concerns, and the concerns in the 1950s over radiation 

safety (pp. 301-3). 

Beatty is convincing in showing that such issues 

motivated Dobzhansky and Muller, and he provides evidence to 

support his contention that these issues played a role in 

continuing or maintaining the classical/balance controversy 

(pp. 303-318). In what sense, however, should we take this 

claim? On the one hand, Beatty does not dismiss the 

importance of the empirical issues in the classical/balance 

controversy (p. 318). On the other hand, he maintains that 

"there was more to the classical/balance stalemate than just 

the empirical underdetermination of the theoretical issues. 

." (p. 318) Do we take this to mean that nonevidential 

issues were the controlling factor? Beatty is not clear on 

this point. He does suggest, however, that this controversy 

was unique in that it involved "blatant" social policy 

considerations. As he states, "[s]ocial policy 

considerations no longer play a role in keeping the dispute 

alive." (p. 318) 

In her article on Muller’s eugenics, Paul (1987) 

makes a Similar claim. She believes that Muller and 

Dobzhansky can be "distinguished from the current generation 

of population geneticists in having social views linked to 
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their science." (p. 323) Paul concludes that 

for both Muller and Dobzhansky, scientific and social 
values were inextricably linked. The controversy about 
the nature of selection [the classical/balance 

controversy] has not disappeared, or even diminished in 
intensity; but no one any longer sees it as linked to 
the social issues that obsessed these men--or, 
apparently, to any social issue at all. (pp. 333-4) 

This contention, that the debates over variation and 

selection are devoid of social or ideological implications, 

is suspect for several reasons. 

First, this conclusion stands in contrast to 

Lewontin’s (1974) epistemological analysis of the ongoing 

controversy. If he is right, there may be reasons to 

suspect that the controversy is in principle irresolvable. 

If the conditions of dynamic and empirical sufficiency 

cannot be met in the experimental practice of evolutionary 

and molecular genetics--and they could not be met in the 

period under consideration, given the experimental 

techniques available--then any resolution of the controversy 

will be by nonevidential means. It may be that no 

experimental results could unequivocally decide the matter. 

This state of affairs, however, may be what Beatty refers to 

when he states that social considerations no longer act to 

keep the controversy alive. If so, his agreement with 

Lewontin presents an additional problem. 

Second, the view that social policy considerations 

no longer play a role in the classical/balance (or 
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neutral/selectionist) controversy creates an unusual 

dichotomy between the past and the present. To say that 

policy considerations were only important in the past, and 

that in the present we are exempt from them, seems suspect, 

even in the limited context of the classical/balance 

controversy. This implies that as evolutionary genetics has 

developed, its social implications have become increasingly 

irrelevant or nonexistent. While historical contexts change 

and the particular factors relevant to any science may 

change, to conclude that such factors do not play any role 

(in the present) is curious. Perhaps the problem here is 

that with hindsight the relevant social and cultural factors 

appear more obvious, while at present they are nebulous. 

Third, Lewontin (1974, ch. 3) provides evidence 

that the debate does in fact continue to have social 

implications. His analysis, however, is an example of an 

inadequate historical interpretation. While his main point 

is to survey the foundational problems of evolutionary 

genetics, Lewontin offers an explanation to account for the 

theoretical positions in the classical/balance controversy. 

Focusing on the uncertainty involved in the controversy, 

Lewontin argues that the positions can be reduced to a 

particular worldview, or ideology. His argument fails, 

however, because he does not support it with contextual 

historical information. His contention rests solely on the 
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epistemological point that underdetermination has been at 

work in the classical/balance controversy. 

For example, Lewontin’s claim that the history of 

the problem of variation illustrates and confirms the role 

of "deeply embedded ideological assumptions .. . in 

determining scientific ‘truth’ and the direction of 

scientific inquiry," is not fully supported. To infer from 

the fact that underdetermination is at work in the 

classical/balance controversy, that it is "not the facts but 

a world-view that is at issue," (p. 157) one must provide 

specific justification through detailed historical 

investigation. That underdetermination is at work in itself 

does not establish that ideology is the controlling factor; 

it fails to demonstrate which ideological factors are at 

work, and what roles are played by the worldviews which 

correspond to them. Lewontin’s contention that the 

classical and balance positions correspond to worldviews 

which represent 

a divergence between those who, on the one hand, see 
the dynamical processes in populations as essentially 
conservative, purifying and protecting an adapted and 
rational status quo from the nonadaptive, corrupting, 
and irrational forces of random mutation, and those, on 

the other, for whom nature is process, and every 
existing order is unstable in the long run. .. . (p. 
157) 

is not established by the facts as he sets them out in 

Chapter 3. 
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It is possible that Lewontin’s political views are 

at work here (see, for example, Levins and Lewontin 1985). 

Lewontin’s Marxism is apparently motivating some of his 

conclusions, at least in part. Indeed, despite his 

reluctance to take a firm stance in the classical/balance 

debate (at least up to this point in his book), Lewontin 

implies that a position closer to the balance view is the 

correct view. In discussing his (1957) views on the 

temporal instability of marginal environments, Lewontin 

favors Carson’s (1959) view, according to which 

recombination is necessary in such marginal populations so 

that unique allele combinations are produced, combinations 

not present in the main, central populations. But, as 

Lewontin states, 

it is not some particular, specialized, homozygous 
genotype that is being selected in the marginal 
environment. In the highly unstable and unpredictable 
environment of the margin, quite different genotypes 
are being selected at different times. It is not 
surprising, then, that genic heterozygosity is high, 
and remains high, because no particular genotype is 
favored for very long. The metaphor of the laboratory 
is sometimes used to describe marginal populations. 
They are thought of as performing genetic 
"experiments." If so, these are frustrating 
experiments, the very opposite of Hershey’s Heaven. 

(pp. 151-2) 

Lewontin’s reference to "Hershey’s Heaven" is 

explained earlier in the chapter, when he claims that A. D. 

Hershey "is reported to have described heaven as ‘finding an 

experiment that works and doing it over and over and over.’" 
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(p. 116) What is noteworthy in all of this is that Lewontin 

favors the view that the "existing order is unstable in the 

long run," and this seems commensurate with his politics and 

his anti-eugenics stance. Indeed, in chapter 2, when 

explaining the classical position, Lewontin states that this 

position gives race "a considerable biological importance": 

A basis for racism may .. . flow from the concept of 
the wild type, since if there is a genetic type of the 
species, those who fail to correspond to it must be 

less than perfect. Platonic notions of type are likely 
to intrude themselves from one domain into another, and 
Dobzhansky (1955) was clearly conscious of this problem 
when he attacked the concept of wild type. "The ‘norm’ 
is, thus, neither a single genotype nor a single 
phenotype. It is not a transcendental constant 
standing above or beyond the multiform reality. The 
‘norm’ of Drosophila melanogaster has as little reality 
as the ‘Type’ of Homo sapiens." The balance 
hypothesis, conversely, presumes that a vast amount of 
hidden genetic diversity exists within any population, 
so that interpopulational differences are less 
Significant. (pp. 25-6) 

Moreover, when discussing racial variation in humans (pp 

152-7), Lewontin makes the following claim: 

The taxonomic division of the human species 
into races places a completely disproportionate 
emphasis on a very small fraction of the total of human 
diversity. That scientists as well as nonscientists 
nevertheless continue to emphasize these genetically 
minor differences and find new "scientific" 
justifications for doing so is an indication of the 
power of socioeconomically based ideology over the 
supposed objectivity of knowledge. (p. 156) 

These comments, again, are commensurate with 

Lewontin’s politics and suggest a distaste for eugenics. In 

upholding his (1957) interpretation of the dynamics of 
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marginal populations, and given the evidence he surveyed in 

chapter 3 that supports the view that interpopulational 

differences (1.e., racial differences) are a small 

proportion of total genetic diversity, Lewontin is 

vindicating the worldview of his teacher, Dobzhansky, while 

at the same time showing how his own theoretical 

interpretations are superior to Dobzhansky’s. Also, he is 

discrediting Muller’s use of the data of evolutionary and 

population genetics, including Muller’s eugenics, and the 

use of such data in justifying the dividing of humans into 

races (based on "obvious" differences, such as skin color or 

facial characteristics). So, perhaps Lewontin’s own 

motivations are at least in part ideological, and represent 

his desire to uphold his own worldview. 

To say that Lewontin has failed to demonstrate 

which ideological factors are relevant is not to say that 

worldviews or ideological factors are not significant in 

evaluating the classical/balance controversy. Paul’s (1987) 

claim that social factors no longer play any role in the 

debate seems as suspect as Lewontin’s. Merely because few 

have been identified, or because the disputants claim to 

base their theories exclusively on empirical considerations, 

does not establish that social or ideological factors are 

not at work. Lewontin’s position apparently is motivated in 

part by his worldview. Indeed, he believes that the 
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"Impact" of his (1974) "is a confirmation of the power of 

dialectic analysis." (Levins and Lewontin 1985, p. viii) As 

he and Levins state in their book, 

Both separately and together we have published scores 
of essays, applying the dialectical method sometimes 
explicitly, sometimes implicitly, to scientific and 
political issues and to the relation of one to the 
other. Indeed, it is a sign of the Marxist dialectic 
with which we align ourselves that scientific and 
political questions are inextricably interconnected-- 
dialectically related. (p. viii) 

In his analysis, Beatty (1987) employed certain 

historiographical criteria to interpret the 

classical/balance controversy. He concluded that social 

policy considerations played a role in developments in the 

scientific controversy. Specifically, Dobzhansky and 

Muller’s concerns over human evolution, eugenics, and 

radiation safety served to prevent a resolution of the 

controversy. However, if other historiographical criteria 

were chosen, a different interpretation, or at least a 

modified interpretation, might result. For example, one 

could argue that developments in the classical/balance 

controversy had implications outside the narrower context of 

the technical controversy. This appears to be the case for 

the controversy over fallout and the genetic effects of 

radiation, and is discussed in this thesis. 

Moreover, it is equally plausible, given 

historiographical criteria focusing on the foundations of 
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genetics, to suggest that it was the scientific and 

epistemological status of the classical/balance controversy 

that precluded a resolution to the broader debates over 

fallout and the genetic hazards of radiation. That is, one 

could argue that the uncertainty involved in assessing the 

genetic damage produced by radiation is itself adequate to 

account for the ongoing controversies over fallout and 

atomic testing. In adopting such a view, however, one risks 

presenting on overly simplistic interpretation of the 

controversies. Weart (1981) offers a similar position; this 

is discussed in the next section. 

So, upon examination of an enlarged historical 

context and with alternative historiographical choices, a 

more complex picture of the classical/balance controversy 

arises. Instead of employing historiographical criteria 

which focus primarily on either epistemological or social 

issues, I argue that a perspective which takes into account 

both is superior. Such a perspective allows one to 

construct an historical narrative that answers pertinent 

questions; it keeps history telling a story. As our 

analysis of the classical/balance controversy suggests, 

studies of scientific controversies should not only take 

into account broader social and historical contexts, but 

they should also examine related epistemological questions. 

Furthermore, choice of historiography may also 
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play an important role. Choice of historiography may help 

suggest particular answers to broad historical questions, 

answers which may not be apparent from the perspective of 

alternative choices. In addition, historiography may play a 

role in resolving "Scientific" questions as well, such as 

those involving the evaluation of the epistemological status 

of past scientific evidence. For example, a particular 

historiographical perspective may suggest that certain 

scientific questions can be answered, while another 

perspective may lead to the opposite conclusion. Choice of 

historiography may thus bear on important epistemological 

views of science, and on the policy questions implicit in 

them from the perspective of the relevant historical 

context. 

Literature on the Atomic Testing Controversy 

There exists a plethora of popular and scholarly 

books dealing with various aspects of the atomic testing 

controversy. Many appeared after 1979, the year of the 

Three Mile Island nuclear powerplant accident and the year 

citizens from St. George, Utah, first filed a class action 

Suit against the U.S. government. The suit contended that 

the AEC and the Public Health Service were negligent in 

implementing the continental atomic testing program in 

Nevada, and that various health problems suffered by the 
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local residents were caused by fallout from bomb tests.’ 

Ball (1986) and Titus (1986) are the most comprehensive 

analyses of the complex legal battles involving the 

"downwinders," those exposed to fallout from the Nevada 

Proving Ground. With respect to historical scholarship, 

however, these works lack the adequate detachment (from 

political agendas) necessary to provide a balanced 

perspective on the atomic testing program. For example, 

Ball, a Professor of Political Science at the University of 

Utah, believes the "people who lived downwind from the 

Nevada Test Site have been grievously [sic] wronged." (p. 

203) His view on the atomic testing program is clear: 

It is... critical for our society’s stability for 
the political system to resolve, once and for all, the 
terrible consequences of the AEC and Public Health 
Service bureaucrats having recklessly implemented the 
continental atomic testing program at the Nevada Test 
Site over thirty years ago. (p. 203) 

Other accounts document the "atomic veterans, " 

military servicemen exposed to radiation in Hiroshima, 

Nagasaki, the Pacific Proving Ground, and the Nevada Proving 

Ground. Again, similar historiographical problems afflict 

these works. For example, Rosenberg (1980), Uhl and Ensign 

  

°On the lawsuits filed by the "downwinders," see Ball (1986), ch. 7. The court cases are 

lrene Allen, et al. v. United States. 527 F Supp 476 (1979, 1981, 1982); and Irene Allen, et al. v. 

United States. Civil No. C-7a-055-] (May 10, 1984). The plaintiffs won the case, but the U.S. 

government appealed, and the decision was overturned. 
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(1980), Wasserman and Solomon (1982), and Lerager (1988) 

provide little useful historical interpretation; they assume 

the controversy over the health effects of low-level 

radiation is solved. Rosenberg (1980) asserts that there 

exists "irrefutable evidence that low-level exposure leads 

to increased cancer and leukemia rates." (p. 153) Such 

polemical studies illuminate little of the low-level 

radiation controversy, from either the point of view of the 

1950s or the present. 

The most useful studies on the atomic testing 

controversy are Hewlett and Holl (1989), Divine (1978), and 

Caufield (1989). Hewlett and Holl’s book is a comprehensive 

analysis of the AEC, nuclear weapons policies, and the 

Eisenhower administration's handling of them in the period 

1953 to 1961. Through analysis of a wide spectrum of 

archival documents, most of which remain classified, Hewlett 

and Holl put into context the AEC decisions involved in 

atomic testing. Their access to classified data has allowed 

them to construct an inside account of decision-making 

within the AEC and the White House. Hewlett and Holl do 

not, however, cover the classical/balance controversy; they 

consider only marginally the scientific arguments behind the 

controversies over radiation standards and fallout. This 

does not, however, detract from the value of their book as 

an historical research tool. 
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Divine (1978) offered the first detailed account 

of the events leading up to the 1963 Partial Test-Ban 

Treaty. To his credit, he ends his account in 1960 and 

avoids using the resolution of the testing controversy as a 

starting point for historical interpretation.*® While his 

book treats public reaction to the fallout controversy in 

more detail than do Hewlett and Holl, the latter is a far 

more comprehensive account. On the one hand, Divine’s 

historical perspective and balanced treatment create a 

valuable historical interpretation. On the other hand, 

Divine’s view on the role of scientists in the atomic 

testing controversy iS suspect: 

How responsible were the scientists who participated in 
the fallout debate? In one sense, they failed to give 
the calm, objective advice that both the people and 
political leaders expected them to provide. Swept away 
by their emotions, they entered the controversy as 

advocates, using their scholarly reputations to advance 
their chosen causes. (p. 321) 

While this interpretation may hold for some 

scientists--Divine mentions Linus Pauling and Edward Teller 

as examples--only with a more detailed investigation into 

the scientific community and the work of the individual 

scientists can questions concerning "objectivity" and 

  

Rossiter (1985) criticizes Divine (1978) for ending his investigation in 1960. She argues that 
his work "curiously ends midstream. . . with Eisenhower’s second term and the unfortunate U-2 

incident, rather than pursuing the subject into the Kennedy years, with the Cuban missile crisis 
and the eventual passage of the Limited Test Ban Treaty in October 1963." (p. 287) Valuable 
insider accounts of the test ban negotiations include Seaborg (1981), Dyson (1979, ch. 12), and 
Bundy (1988, pp. 328-34). 
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"responsibility" be answered. Divine refers to "the 

thoughtful contributions of Hermann Muller to the genetic 

issue," (pp. 321-2) yet he offers nothing concerning the 

classical/balance controversy. His scant treatment of 

Muller seems an inadequate basis for concluding that 

Muller’s views on the genetic hazards of radiation were fair 

or unbiased. To claim that "by failing to make clear that 

their judgments on fallout stemmed from deep-seated feelings 

and not from their professional expertise," many scientists 

"served only to confuse and mislead the American people," 

presupposes that one can adequately assess the accuracy of 

the scientific data on a dispassionate basis (p. 321). But, 

as Divine himself points out, "the scientists failed because 

the problem [of determining the hazards of low-level 

radiation] defied scientific analysis." (p. 322) On what 

basis Divine makes his assertions concerning the difference 

between "thoughtful contributions" and "exaggerated and 

dubious claims" is not entirely clear. 

Caufield (1989) has provided a useful survey of 

the history of ionizing radiation and its health effects. 

Her chapters on radiation standards, the atomic testing 

program, and the fallout controversy are useful historical 

overviews (chs. 8, 11, 12). Much of her analysis, however, 

is based on secondary sources. Moreover, she does not delve 

into the scientific controversies, including the 
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classical/balance controversy, and at times she uncritically 

accepts the calculations of certain advisory organizations, 

for example the International Commission on Radiological 

Protection (ICRP). Concerning the atomic testing 

controversy, Caufield states: 

The world’s worst nuclear accident, in terms of 
uncontrolled radioactivity released, has been the 
explosion of almost 500 atomic bombs above ground. . 

The estimated dose to each person on earth from this 
fallout is now four to five millirems per year. The 
United Nations calculates that the collective dose from 
the fallout that will reach earth by the end of this 
century will be 540 million person-rems. According to 
ICRP risk estimates this amount of radiation will cause 
67,500 fatal cancers and more than 43,000 genetic 
defects. (pp. 236-7) 

Concerning the fallout controversy, Rossiter 

(1985) states that the "least well known aspect of this 

whole episode is the experience of the outside critics or 

reformers. This is strange, since these were the scientists 

best known to the public at the time of the fallout 

debates." (p. 287) Few works exist to fill this void. 

Kopp’s (1979) article on the origins of the fallout debate 

is a good sociological survey of the scientific opinion 

involved in the controversy. Jones (1986) analyzes the role 

of British scientists in the international fallout debate. 

However, neither of these studies situates the scientific 

controversies in their proper historical context. Both 

assume scientific concern over fallout and the hazards of 

radiation began only after 1954, when the Bravo H-bomb test 
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in the Pacific spread fallout on native islanders and the 

crew of a Japanese fishing boat. In fact, as Commoner 

(1971) states, many scientists became concerned in 1953 when 

"a new fallout term turned up in private conversations among 

scientists--strontium 90." They were worried that this 

long-lived fission product "would accompany calcium as it 

moved through the food chain, ultimately becoming 

concentrated, along with calcium, in vegetables, in milk, in 

the bones of people." (p. 47) Commoner recalls: 

My own experience is probably typical of most 
nonphysicists who had no professional interest in 
environmental radioactivity. I recall several cryptic 
remarks by physicist friends that radioactive 
strontium--strontium 90--had been detected in fallout. 
More meaningful was the worried look that accompanied 
the information; for some reason, which was never 
Stated, strontium 90 appeared to be a particularly 
dangerous form of radioactivity. (p. 47) 

Carlson’s (1981) biography of Muller contains 

chapters on the controversies over fallout, radiation 

hazards, and the role of activist scientists (chs. 24-26). 

However, Carlson, a former student of Muller, inexplicably 

fails to consider the classical/balance controversy; he 

mentions Dobzhansky only a handful of times. While this 

omission is unfortunate, Lewontin (1974), Beatty (1987), 

Crow (1987), and Paul (1987) help to fill in this gap. 

In a recent work, Beatty (1991) presents an 

account of the Atomic Bomb Casualty Commission (ABCC), an 

ongoing scientific study of the biological effects of the 
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atomic bombs dropped on Hiroshima and Nagasaki. Beatty 

shows that as far as the genetic effects of the bombs on 

humans were concerned, inconclusive results were expected. 

Beatty argues that the AEC used the ABCC data to reassure an 

increasingly alarmed public and to deflect criticism of its 

atomic testing program. One AEC strategy was to 

misrepresent inconclusive results as negative results (pp. 

312-14). 

Beatty’s portrayal of the AEC stands in contrast 

to Walker’s (1989). Walker, an historian for the Nuclear 

Regulatory Commission (NRC), presents a more benign view of 

the AEC’s motives in the atomic testing controversy (pp. 

666-7). Concerning the relation between the AEC and the 

National Committee on Radiation Protection (NCRP), Walker 

states that 

critics charged that the NCRP worked in concert with 
the AEC, but there is no evidence that the government 
exercised undue influence in the committee’s 
deliberations over its recommended exposure limits. (p. 
667) 

Lauriston Taylor, former Chairman of the NCRP, disagrees. 

According to Taylor, shortly after the NCRP was formed in 

1946, the AEC 

was putting pressure on the NCRP to make some kind of 
pronouncement relative to the permissible dose for 
radiation workers. They were aware of the fact that 
the committee was considering lowering the values and 
naturally this was of great concern to them. (Caufield 
1989, pp. 67-8) 
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Taylor, one of the pioneers in the field of 

radiation protection standards, nevertheless did not hold a 

conservative view of radiation hazards. He believes that it 

is a "basic responsibility of radiation protectionists to 

critically evaluate the problems and to place the facts 

before the world in a manner that will assure the allayment 

of their fears and suspicions." (Taylor 1980, p. 857) 

According to Taylor, we should 

stop arguing about the people who are being injured by 
exposures to radiation at the levels far below those 
where any effects can be found. The fact is, the 

effects are not found despite over 40 years of trying 
to find them. The theories about people being injured 
have still not led to the demonstration of injury and, 
though considered facts by some, must only be looked 
upon as figments of the imagination. (p. 856) 

His position on the fallout controversy is clear: 

There was concern about military uses of atomic 
weapons, but there was little concern about radiation 
as it might affect our own safety. The situation 
changed rapidly with the detonation of large weapons in 
the 1950s and the recognition that fallout from these 
weapons could reach every person in the world. It was 
this situation which irrevocably engendered the fear, 
the consternation, and apprehension about radiation 
which we have today, a fear on the part of a generally 
uninformed public. (p. 870) 

Taylor believes the public’s ignorance on radiation matters 

is the "fault of all of the media and most of the books 

available to the public." (p. 870) 

Weart (1988) provides a history of public reaction 

to developments in the atomic age. As for the atomic 

testing program, Weart states that initially 
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most Americans, Europeans, and Russians were reluctant 

to believe that the bomb tests endangered world health, 
but when scientists began to speak, attitudes began to 
change. A crusade gathered against the tests and the 
authorities who sponsored them. As a response to 
hydrogen bombs this movement would become more powerful 
even than Atoms for Peace, if not in immediate 
practical terms then in its permanent effect on public 
imagery. (p. 200) 

In his analysis of public reaction to fallout, however, 

Weart takes the unusual position that the "scientific 

controversy was not as complicated as it seemed; the public 

was confused because they were projecting traditional myths, 

personal feelings, and social conflicts onto the invisible 

fallout. Such projections could be distinguished from 

reality by those who understood a few basic facts." (p. 207) 

For Weart, the uncertainty involved in the fallout debate 

"was less a debate between opposing schools than a 

reflection of plain scientific ignorance." (p. 209) As 

Weart’s work is concerned mainly with the general public, he 

does not consider the role of intrascientific debates, such 

as the classical/balance controversy. As a result, he 

obscures the role of scientific disputes in the fallout 

controversy. To suggest that the scientific uncertainty 

involved in the debate renders the historical explanatory 

power of scientific controversy moot, seems curious. 

Perhaps a deeper analysis of the scientific disputes, even 

if limited to the public disputes of scientists, would lead 

to an alternative historical interpretation. 
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Several historical accounts of the general debate 

over the health hazards of low-level radiation exist. Many 

of these, such as Sternglass (1981) and Lapp (1979), are 

polemical defenses of particular political viewpoints. More 

balanced accounts are Najarian (1978) and Eisenbud (1984). 

Romer (1972) is an excellent resource for literature on the 

low-level debate up to 1972. 

Having surveyed the relevant literature on the 

classical/balance controversy and on the atomic testing 

controversy, I find that no satisfactory attempt has been 

made at analyzing the relationship between these two 

controversies. No studies have examined both the broader 

historical context in which the classical/balance 

controversy was Situated, and how the controversy influenced 

policy-making decisions. In chapter II, I provide an 

historical narrative linking the two controversies. In 

order to assess the AEC’s use of data from genetics, we must 

gain some perspective on the nature and extent of that use. 

In doing so, we find that limiting the historical 

interpretation by implementing a narrowly defined 

historiography constrains the scope and power of the 

historical explanation. As more aspects of the historical 

context are considered, a more powerful tool is developed 

with which to answer critical questions. However, in 

utilizing broader historiographical criteria, the answers 
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may become more complex and different criteria may suggest 

conflicting answers. 
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CHAPTER II 

CONTROVERSIES OVER THE BIOLOGICAL EFFECTS OF RADIATION 

In this chapter, I present an overview of the 

atomic testing controversy and related issues regarding the 

biological effects of radiation. In order to facilitate a 

broader analysis of the classical/balance controversy using 

alternative historiographical choices, the relevant events 

of the controversies over fallout hazards and the testing of 

atomic weapons must be explored. Furthermore, to assess 

whether or not the Atomic Energy Commission (AEC) was 

scientifically warranted in its use of data on the genetic 

effects of radiation for legitimating policy requires that 

the nature of that use be specified. 

Pre-1946 Radiation Standards 

Concern over the biological effects of radiation 

goes as far back as 1896, when researchers using X-rays 

reported that eye problems and skin dermatitis may result 

from exposure to X-rays (Taylor 1971, p. 9). Sustained 

efforts, however, to establish radiation dose guidelines for 

radiation workers were not made until the 1920s. In 1928, 

the International Committee on X-ray and Radium Protection 

(ICRP) was established, and in the U.S. in 1929 the Advisory 

Committee on X-ray and Radium Protection was formed. This 
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latter advisory committee, whose activities were centralized 

under the National Bureau of Standards (NBS), recommended in 

1934 (Handbook 18, 1934) that the tolerance dose for 

radiation workers be 0.1 Roentgens/day’ (Taylor 1971, pp. 

13-18.). However, while this recommendation was the first 

quantitative calculation of tolerance dose for radiation 

workers, the report stated that "[i]t must be emphasized 

that the calculation of radium dosages is not easy and too 

great reliance is not to be put on the above figures." 

(Handbook 18, 1934, p. 3; Taylor 1971, p. 18) Indeed, no 

justification for this tolerance dose was given in terms of 

the mechanism by which radiation interacts with living 

tissue, nor was any philosophical or technical discussion 

offered to justify this recommendation. 

Previous attempts at establishing such guidelines 

had been made by noting observable reactions to the skin of 

radiation workers or laboratory animals (Taylor 1971, pp. 

13-15). In the 1934 recommendations, the tolerance dose for 

fingers is given as 5R/day, and the criteria employed in 

order to determine whether a worker had been overexposed was 

to perform "frequent examination of the technicians hands" 

  

‘The Roentgen, abbreviated R and later r, was a unit that measures radiation’s power to ionize 

a given amount of air. However, before 1928, measuring radiation was less precise; the most 

common unit was the amount of radiation needed to cause reddening of the skin, or the 
"erythema dose" (Caufield 1989, pp. 17-21). 
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and note any "evidence of skin changes as a result of 

radiation," and to perform monthly blood counts (Handbook 

18, 1934, pp. 3-4). The 0.1 R/day recommendation was in 

fact based on an arbitrary fraction of the dose required to 

produce an erythema, a skin burn (Caufield 1989, pp. 18-21). 

This method of setting exposure guidelines was the 

foundation for all subsequent attempts to set such 

guidelines (Caufield 1989, p. 21; Taylor 1971, p. 15). 

The first attempt to regulate internal exposure to 

radioactive substances was made in 1941 (Handbook H27, 

1941). From the 1920s on, evidence indicated that workers 

in the radium watch-dial industry were dying from internal 

radiation exposure to the radium-based luminous paint 

(Caufield 1989, ch. 4). However, the evidence was slow to 

accumulate, as was the reaction of the radium industry and 

the medical community. This was in part due to the fact 

that it could take several years for enough radium to 

accumulate in the victim’s bones before cancer was induced 

or destruction of the bone marrow reached a lethal level. 

Exposure resulted when the workers who painted the luminous 

dials wiped and pointed their brushes by placing them 

between their lips (Caufield 1989, ch. 4). 

The first detailed medical investigation into the 

deaths of the radium watch-dial painters was published in 

1925 by Harrison Martland, the medical examiner of Essex 
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County, New Jersey (Martland, et al. 1925). The U.S. Radium 

Corporation was located in West Orange, and its paint studio 

was one of the largest in the U.S. Martland was the first 

to autopsy former watch-dial painters, and he obtained the 

confirmation that the workers were dying from internal 

radiation exposure. However, the U.S. Radium Corporation’s 

consultants initially denied a hazard existed, and the 

misdiagnosis of radium poisoning contributed to a slow 

resolution of the problem. It was not until World War II, 

when the U.S. military began placing large orders for 

luminous instrument dials, that the problem attracted the 

attention of the National Bureau of Standards. In February 

of 1941, an NBS committee, which included Martland, convened 

and first set the regulations governing the handling of 

"radioactive luminous compounds" (Caufield 1989, ch. 4-5). 

The tolerance dose for internal exposure of radium was set 

at 0.1 micrograms’? (Handbook H27, 1941, p. 3). 

The genetic effects of radiation appear not to have 

concerned the U.S. Advisory Committee on X-ray and Radium 

protection until 1940. At this time, several committee 

members proposed lowering the 1934 standard by a factor of 5 

in response to evidence that any amount of radiation could 

  

?One microgram equals 10° gram, or one millionth of a gram. 
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cause genetic harm. While this proposal was generally 

supported by the committee, the concern was suspended with 

the outbreak of war (Caufield 1989, p. 48). 

During World War II, The Manhattan District 

implemented a research program to determine the biological 

effects of radiation, including genetic effects (Hacker 

1987; Taylor 1971, p. 21-2; Langham [1947], p. 3; Henshaw et 

al. [1946], p. 1-2). It was realized at the outset of the 

Manhattan Project that the production of atomic bombs and 

power reactors would involve levels of radioactivity that 

far exceeded what was previously common. Under the 

direction of the Health Division of the Metallurgical 

Laboratory in Chicago, studies were undertaken at various 

Sites, including the University of Chicago, the University 

of Rochester, Oak Ridge National Laboratory, and the 

National Cancer Institute (Taylor 1971, p. 21). These 

studies concentrated on determining the biological effects 

of various types of radiation and, as one study put it, to 

provide "a more adequate experimental basis for the 

tolerance levels adopted to protect personnel." (Henshaw 

[1946], p. 1) The 1934 tolerance doses were adopted as a 

starting point, yet they were considered to be based on 

inadequate experimental evidence (Caufield 1989, p. 48). 

However, attempts to formally re-evaluate radiation 

protection standards were not undertaken until after the 
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war. 

The NCRP and the Genetic Effects of Radiation 

In 1946, the Advisory Committee on X-ray and Radium 

Protection was reorganized and renamed the National 

Committee on Radiation Protection (NCRP). As part of the 

reorganization, the Advisory Committee deemed it necessary 

that additional organizations be included in the make-up of 

the NCRP and its subcommittees. According to Lauriston 

Taylor, Chairman of the NCRP, the September 1946 

reorganization meeting participants agreed that 

radiation protection had become too complex to permit 
their study and solution by a committee constituted as 
was the Advisory Committee at that time. It was 
recommended that steps be taken to secure participation 
of such additional groups as the Manhattan District, the 
U.S. Public Health Service, the military departments, 
etc. in an expanded work program. Accordingly, 
invitations were sent out to each of these agencies to 
appoint two representatives to attend a meeting to 
discuss future plans in the field of radiation 
protection. (Taylor 1971, p. 23) 

Eventually, representatives of numerous government agencies 

were included in the NCRP structure, including the U.S. Air 

Force, Army, Navy, Public Health Service, and the AEC. 

Subcommittees were also formed, each of which concentrated 

on a particular aspect of radiation safety. Among these 

were subcommittees on permissible internal dose and 

permissible external dose. One function of this latter 

subcommittee was to consider the problem of the genetic 
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effects of radiation. Among its members were Donald R. 

Charles, a mouse geneticist, and Hermann Muller and Curt 

Stern, both Drosophila geneticists with long-standing 

interests in human genetics. (Handbook 59, 1954, pp. iii- 

vi). The subcommittee was chaired by Gioacchino Failla, a 

physicist who had served on the 1941 committee that 

reevaluated radiation standards for the NBS after the 

problems of the radium watch-dial painters came to light 

(Caufield 1989, p. 39). 

In order to put the controversies over fallout and 

the genetic effects of radiation into historical 

perspective, knowledge of the personal and institutional 

affiliations of the NCRP and the external dose subcommittee 

members is required. The resultant broader perspective, 

beyond the traditional domain of the classical/balance 

controversy of population genetics, will help us ascertain 

whether the AEC’s use of genetics data in legitimating its 

atomic testing policies was scientifically warranted. 

Concerning the institutional affiliations of the 

NCRP, the most notable difference between it and its 

predecessor, the Advisory Committee on X-ray and Radium 

Protection, was its close connection to other agencies of 

the U.S. government. Lauriston Taylor (1971) recalls that 

one positive aspect of having the activities of the earlier 

Advisory Committee under the auspices of the NBS was that 
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the "NBS had no inter-society or political ties and 

therefore could be expected to retain an independent 

position and viewpoint." According to Taylor, who also 

chaired the Advisory Committee, this institutional 

arrangement succeeded in preventing any one organization 

from dominating the activities or recommendations of the 

committee. Since it did not officially advise any specific 

organization, the recommendations of the committee were not 

legally binding. Taylor states that such an arrangement 

"nevertheless was successful in that the committee quickly 

developed, and has always maintained, a reputation for 

objectivity and independence from any particular 

organization." (Taylor 1971, p. 17) 

The organization of the NCRP, however, was markedly 

different from its predecessor. Half of the NCRP members 

were government employees, and the NCRP depended on the AEC 

for some of its funding and for information, much of which 

was classified (Caufield 1989, pp. 67-8). One member of the 

subcommittee on internal dose, the British physicist Herbert 

Parker, noted in 1948 that all members of the subcommittee 

had ties to the AEC.* As he remarked: "From the public 

  

>This subcommittee was chaired by Karl Morgan, chief health physicist for the Oak Ridge 
National Laboratory. Other members included: Gioacchino Failla, of the Radiological Society of 
North America and chairman of the external dose subcommittee; Hermann Lisco and Austin Brues, 
Biology Division of the Argonne National Laboratory; Joseph Hamilton, University of California 
Radiation Laboratory; and Shields Warren, Director, Division of Biology and Medicine, AEC. 
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relations angle, this appears to leave the [Atomic Energy] 

Commission in its former vulnerable position of writings its 

own ticket." Parker’s recommendation that more 

non-government members be brought onto the subcommittee was 

rejected (Caufield 1989, p. 71). 

Clearly, the AEC had the ability to exert pressure 

on the NCRP and its recommendations if it chose to do so. 

In fact, soon after formation of the NCRP, the AEC exerted 

pressure on the committee to determine rapidly a permissible 

dose for radiation workers. The AEC knew that the NCRP was 

considering lowering the permissible exposures, and it 

promised monetary aid if the NCRP would quickly publish its 

findings. The AEC even offered the NCRP quasi-official 

status if it made its recommendations quickly. In fact, the 

AEC wanted the NCRP standards to be legally binding so that 

future arbitrary changes in radiation standards could be 

prevented. This, in turn, would mitigate against the AEC’s 

having to renovate its nuclear plants every time the 

standards were changed (Caufield 1989, pp. 67-8, 72-3; 

Mazuzan and Walker 1985, pp. 37-8). 

The subcommittee on permissible external dose, 

chaired by Gioacchino Failla, had among its responsibilities 

the consideration of the genetic effects of radiation. 

Among itsS members were several veterans of the Manhattan 

Project, including the physicist Herbert Parker, who had 
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been in charge of radiation detection instrumentation; Hymer 

Friedell, the deputy chief medical officer; and Curt Stern, 

a Drosophila geneticist who had done classified contract 

research for the Manhattan Project at the University of 

Rochester (Caufield 1989, pp. 47-8, 52-3, 57; Spencer and 

Stern [1947]; Caspari and Stern [1947]; Uphoff and Stern 

[1947]). Hermann Muller, then a recent Nobel Prize winner, 

was also on the subcommittee. Disputes and controversy 

arose among the subcommittee members when the question of 

genetic effects was considered. 

The first formal meeting of the external dose 

subcommittee was held in June of 1948. At this time, many 

fundamental decisions were made, including two which were to 

prove controversial: "To make the permissible dose for 

persons over 45 years of age double that for younger 

adults," and "To make suitable recommendations about 

accidental exposure involving a single dose that might be as 

large as 25r." (Handbook 59, 1954, pp. iv-v) Karl Morgan, 

chief health physicist of the Oak Ridge National Laboratory, 

and chairman of the internal dose subcommittee, clashed with 

Failla on the rationale behind their recommendations. The 

former recommendation was made since those over 45 years of 

age would be past their reproductive age and hence genetic 

effects would be of no concern. Morgan, however, objected 

that "from the standpoint of cataract production, blood 
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changes, and cancer incidence ... it is just this group 

that have reached 45 and already accumulated a lifetime of 

exposure that we are most interested in protecting." 

(Caufield 1989, p. 69) As for the latter recommendation, 

Morgan thought such allowable emergency exposures would 

result in carelessness. The friction between Morgan and 

Failla was so intense that it had to be resolved by Taylor. 

Taylor adopted both of Failla’s recommendations (Caufield 

1989, pp. 69-70). 

This clash between Morgan and Failla is significant 

in that it reflects the first significant use of data from 

genetics in the setting of radiation standards. In this 

case, the observation that genetic effects would not be a 

factor for most individuals over age 45, since they do not 

reproduce, was used to justify a larger permissible external 

dose for those older individuals. Implicit in this 

recommendation is a recognition of genetic effects, yet it 

also reflects Failla’s lack of concern for the late effects 

of radiation. Such lack of concern is curious, since Failla 

was one of the experts on radium who served on the committee 

that in 1941 established the strict guidelines for radium 

handling and exposure after the watch-dial painters episode. 

However, Failla consistently demonstrated in this period his 

insistence that radiation standards not be constrained by 

the possible health effects that appear long after the 
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exposure. 

An example of Failla’s radiation standard 

philosophy is illustrated in the aborted 1941 attempt by the 

Advisory Committee to lower its recommended tolerance dose 

in the light of data on genetic effects. Taylor (1979) 

reports that this recommendation initially received broad 

Support. The committee members, none of whom were 

geneticists (Handbook H27, 1941, pp. iii-iv), were concerned 

that data suggested that there is no threshold level of 

radiation exposure below which no genetic damage would 

occur. 

Failla, however, objected to this argument for 

lowering the tolerance dose, arguing that it would have 

necessitated a zero tolerance level (Taylor 1979, pp. 5-013 

to 5-021). He stated that "[i]f we bring in the genetic 

criteria then there is no limit at all and 0.02 

[Roentgen/day] is just as arbitrary as 0.1." (Taylor 1979, 

p. 5-016) The proposal fizzled, and there was no mention of 

genetic effects in the 1941 report. 

Failla also objected to aspects of the 

recommendation of Morgan’s subcommittee on internal dose.* 

One of the tasks of Morgan’s subcommittee was to recommend 

maximum permissible concentrations in air, water, and 

  

*Failla was also a member of this subcommittee. 
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various internal organs for a variety of radioactive 

substances (Handbook 52, 1953). It was suggested that these 

concentrations be divided by a factor of 10 for workers 

subject to chronic exposure, up to 30 years or more. The 

basis for this recommendation was a lack of data on the 

health effects of chronic exposure. Failla objected on the 

grounds that being overly cautious would undermine the 

credibility of the report and negate its regulatory 

function. He argued that all that was necessary was to 

state that the permissible concentrations were tentative and 

may need later revision (Taylor 1979, p. 7-153; Caufield 

1989, pp. 71-2). The final report was published in 1953. 

The safety factor of 10 was not included as a formal 

recommendation; however, the following appeared in the 

preface of the report: 

[B]ecause of the uncertainties involved in the present 
values and in determining the actual accumulation and 
potential hazard of radioisotopes in the human body, it 
is strongly recommended that exposure be kept at a 
minimum insofar as it iS practicable. Bearing in mind 
that in the future it may become necessary to lower some 
permissible limits, it is suggested that a factor of 
safety that may be as large as ten be used in the design 
and operation of permanent installations where large 
quantities of radioactive material are involved. This 
is particularly important in cases in which provision of 
additional protection later would be very difficult and 
expensive. (Handbook 52, 1953, p. 2) 

Given Muller’s views on the genetic hazards of 

radiation, it is not surprising that controversy arose when 

Failla’s external dose subcommittee took up the problem of 
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genetic effects. The question of genetic effects, along 

with the clash between Morgan and Failla, delayed the 

committee’s report considerably; it was not published until 

September 24, 1954 (Taylor 1971, pp. 24-26; Caufield 1989, 

pp. 68-72; Handbook 59, 1954, pp. iv-vi). As the preface of 

the report states: 

The last meeting of the subcommittee was held in 
Cincinnati in December 1952. Most of the discussion at 
this meeting dealt with the detailed wording of the 
report and the general question of genetic effects. 
Considerable discussion centered about the per-capita 
dose for the whole population during its reproductive 
age. As this is a somewhat controversial subject and 
one involving a great deal of basic philosophy, it must 
be treated with great care. As the matter now stands, 

the geneticists of this subcommittee, together with some 
outside assistance, will prepare a full report of the 
genetic problem for consideration by the subcommittee 
and the main committee in the future. (p. vi) 

The report, however, maintained that genetic damage was not 

a limiting factor (p. 18), even though the subcommittee 

accepted the view that "there is no threshold dose for the 

production of gene mutations by radiation," (p. 26) and that 

"Tilt has been shown experimentally that genetic changes can 

be produced with low doses of radiation." (p. 17) It seems 

that while many of Muller’s (1950) theoretical views were 

incorporated into the report’s philosophy behind genetic 

damage,*® these views did not prevail in that the report 

  

°For example, the report states that for radiation-induced mutations "the frequency of 
occurrence increases linearly with the dose . . . and is independent of the duration of the 
exposure." (p. 17) Also, it states that "any amount of radiation received by the gonads of even a 
few individuals before the end of their reproductive period is likely to add to the number of 
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equivocated on the importance and severity of the genetic 

effects to populations.® According to the report, the 

main point is to control exposure in such a way that the 
eventual manifestation of genetic injury is not too 
large in comparison with the occurrence of spontaneous 
genetic abnormalities. Insofar as the welfare of the 
race is concerned (i.e., future generations) gene 
mutations with inconspicuous manifestations play the 
most important part. The controlling factor is then the 
number of undesirable genes (both spontaneous and 
radiation-induced ones) present in the general 
population in which intermarriage occurs. It is, 
therefore, immaterial in this case whether in one 
generation the undesirable genes are present largely in 
a few individuals or are distributed throughout the 
population in correspondingly smaller number[s] per 
individual. Accordingly, the amount of radiation 
received by the gonads of one individual up to the time 
of conception of the last child in his family, can be 
very large without noticeably damaging the population as 
a whole--provided that only a very small fraction of the 
whole population is exposed to this extent. Under 
present conditions and for some time to come, genetic 
damage to the population as a whole in future 
generations is not a limiting factor in setting up a 
permissible level for occupational exposure to ionizing 
radiation. (p. 18) 

The imprint of Muller’s genetic load argument on 

the report is clear. However, the uncertainties involved in 

  

undesirable genes present in the population," and that "practically all are potentially bound to 
result eventually in undesirable conditions." (p. 18) In addition, "shortening of the lifespan" may 
be caused by chronic exposure (p. 20). 

Testifying in 1957 before the Joint Committee on Atomic Energy, Muller stated: "The grounds 
for the reduction in permissible dose that was made by the committee [NCRP] a few years ago, 
prior to the issuance of the National Academy’s report [BEAR |, 1956], did not lie in 

considerations of genetic damage. For the permissible dose handbook [Handbook 59, 1954] 
specifically stated that this dose (of 0.3 roentgens per week) was set without regard to genetic 
effects. The geneticist members objected to that but it was carried anyway. In other words, it was 
known that the dose was considered too high on genetic grounds but, it was adopted in spite of 
this, although it was acknowledged that it might be reduced again later." (CAE 1957, p. 1062) 
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calculating the spontaneous mutation rate in humans, and in 

calculating what level of radiation would increase 

the mutation rate by an appreciable factor,’ diluted the 

force of Muller’s theory. Muller (1950) held that any 

increase in the exposure to a population would lead to an 

increase in the mutation rate. Since virtually all 

mutations are deleterious, the result of such an increase 

would be damage to future generations. As Muller 

warned, 

[t]he use of ionizing radiation and of radioactive 
materials is increasing and promises to continue 
increasing to such an extent .. . that unless more 
caution is exercised than at present the majority of the 
population may in each successive generation have its 
gonads exposed to enough radiation to raise the mutation 
rate by a significant amount, such as 25% or 50%. (p. 
172) 

The consequence of such an increase, Muller believed, would 

be drastic since 

only a 25% rise in mutation rate for one generation 
would, in a population of 100,000,000 per generation 
whose usual spontaneous rate was only 1 mutant gene in 
10 germ cells, cause the eventual "genetic death" of 
5,000,000 individuals, scattered throughout scores of 
generations. It would probably cause, in addition, 
hundreds of millions to be slightly more afflicted than 
they would otherwise have been, i.e. to have their 
viability lowered by an average of some 2 or 3%. These 
effects are hidden only because distributed over so many 
generations and because so intermingled with those of 

  

This increase in mutation rate was often expressed as the "doubling dose,” the dose of 
radiation exposure required to double the spontaneous mutation rate. Curt Stern had done 
research for the Manhattan District on the doubling dose for Drosophila melanogaster (Spencer 
and Stern [1947]; Caspari and Stern [1947]; and Uphoff and Stern [1947]. 
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other factors. Moreover, once the mutations have been 
produced, they will take their eventual toll despite all 
counteracting measures that may hereafter be instituted, 
short of a consciously directed selection. (p. 172) 

The NCRP report, however, focused on the fact that 

any future manifestation of genetic injuries, should they 

occur, could not be linked to any discrete radiation 

exposure event. While the report states that genetic damage 

such as "sterility, stillbirth, and abnormal children may be 

provided by overexposure to radiation," it argues that 

practical experience indicates that undesirable effects 
of this nature, if present, have not been so marked as 

to attract attention, in the case of radiologists and 
technicians who have been occupationally exposed to 
radiation--sometimes excessively as shown by other more 
obvious injuries. It should be noted in this connection 
that sterility, stillbirths, and abnormal children occur 
in nature spontaneously or for reasons in which exposure 
to radiation plays no part in any particular instance, 
it is therefore extremely difficult to attribute any 
such effect to radiation. (p. 19) 

Moreover, in explaining the rationale behind its 

recommendation to treat the radiosensitivity of the gonads 

as Similar to that of the blood forming organs, the report 

States its "recommendation is based solely on considerations 

involving avoidance of damage to the exposed individual 

himself," and not on the exposures to the population as a 

whole. The report explains that while exposure of the 

gonads "is likely to add to the number of undesirable genes 

in the population," and that "the great majority of these 

genes might have no recognizable effects for a considerable 
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number of generations," such genetic effects "are ordinarily 

so remote .. . that the traceable descendants of the 

exposed individuals would not be appreciably more affected 

than others in the general population." (p. 39) 

Clearly, the recommendations embodied in the report 

of the external dose subcommittee downplayed fundamental 

aspects of Muller’s views on the genetic damage from 

radiation. While components of Muller’s argument are 

included in the report, his dire predictions of irreversible 

damage to future generations played little role in the 

philosophy behind the recommended radiation standards.*® 

Moreover, the very concept of exposure to populations was 

not taken to be a significant factor. The report does, 

however, indicate that "this factor assumes greater 

importance as the percentage of the population exposed to 

radiation increases." (p. 18) Indeed, only after the 

fallout controversy erupted in the period from 1954 to 1955 

was population exposure taken seriously by the U.S. 

government and its advisory agencies (BEAR I, 1956; JCAE 

1957). This period coincides with the height of the 

  

In his 1957 testimony before the JCAE, Muller stated: "[T]he record of this committee’s 
[NCRP] decisions on the permissible dose, which as Dr. Taylor presented the matter yesterday 
appeared to show that they were so cautious, in actuality showed that the first dose they set was 
far too high, so that they had to set it lower... . This does not indicate that they have been so 
cautious. It means they have not been cautious enough. The geneticists would not have set so 

high a permissible dose in the first place, on the basis of what we knew 30 years ago." (JCAE 
1957, p. 1062) 
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classical/balance controversy in population genetics. 

Before exploring the fallout controversy and the 

AEC’s use of data from population genetics to downplay 

fallout hazards, it is interesting to note that the 1954 

report makes a reference to the possible beneficial effects 

of low levels of radiation: 

As a matter of principle it is sound to avoid all 
unnecessary exposure to ionizing radiation, because it 
is desirable not to depart from the natural conditions 
under which man has developed by evolutionary processes. 
However, man has always lived in a field of ionizing 
radiation due to the presence of radioactive material in 
the earth and to cosmic rays. Whether exposure to this 
level of radiation is beneficial or deleterious to man 
(and the race) is a matter of speculation. The obvious 
fact is that it cannot be avoided and it is, therefore, 
normal for man to live in this environment. We have 
then a lower limit of continuous exposure to radiation 
that is (unavoidably) tolerated by man. (p. 20) 

It is unclear how this argument became incorporated into the 

subcommittee’s report. It apparently reflects, however, the 

developing balance view of selection of Dobzhansky and 

others. By the time the subcommittee met for the last time 

in 1952 and considered genetic effects in detail, 

experiments by Wallace and King (1951) had suggested that 

populations of irradiated Drosophila had produced 

generations with a higher percentage of viable offspring 

than non-irradiated control groups. Wallace interpreted his 

results as supporting heterosis, the increased fitness of 

heterozygotes. It is this kind of argument, that prevalent 

heterozygosity, due to mutations that may be caused by 
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radiation, provides a greater diversity of phenotypes upon 

which natural selection can operate--extrapolated to the 

realm of human genetics--that the AEC utilized to support 

the view that the genetic hazards of fallout and radiation 

are minimal, perhaps even beneficial. As the fallout 

controversy developed, the view that low levels of radiation 

might be beneficial became incorporated into the debate. 

The Fallout Controversy 

The national and international debate over the 

hazards of fallout was triggered by the AEC’s test of the 

first "dry" thermonuclear device.’ The Bravo test, part of 
  

the Castle series, was conducted on March 1, 1954 near Namu 

Island, at the northwest perimeter of the Bikini Atoll in 

the Marshall Islands. Bravo far exceeded its expected yield 

of six megatons and it spread lethal fallout over 100 miles 

to the east. The fallout irradiated the native inhabitants 

of the islands of Rongelap, Alinginae, and Utirik, and the 

U.S. Navy evacuated the entire populations to the island of 

Kwajalein. In addition, the Navy evacuated 28 military 

personnel from Rongerik, where a weather station and other 

equipment was located to monitor the tests. The "fallout 

problem" made headlines when the Japanese fishing boat 

  

"The development of the "dry" H-bomb helped make possible the delivery of H-bombs by 
airplanes. 
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Fukuryu Maru (Lucky Dragon), which had been just outside the 

AEC exclusion area*® (about 82 miles from Bikini) at the 

time of Bravo detonation, returned to Japan. All 23 crew 

members were suffering from radiation sickness; one later 

died (Hewlett and Holl 1989, pp. 172-7; Divine 1978, ch. 1; 

Lapp 1958). The AEC released no official information on the 

fallout from atomic testing until February 15, 1955 (Hewlett 

and Holl 1989, pp. 283-7; AEC 1955). 

Prior to Bravo, concern over fallout from weapons 

tests was mostly limited to AEC officials and researchers, 

and to residents in the vicinity of the Nevada Proving 

Ground. Before the Upshot-Knothole test series in 1953, the 

AEC included a section in its Thirteenth Semiannual Report 

(AEC 1953) which minimized the hazards that would be 

produced by fallout from the tests. The report reassured 

the public that 

the highest levels of radioactivity released by the 
fallout particles are well below the very conservative 
standards fixing the amounts of radiation that can be 
received externally or internally by the human body 
without harming the present or later generations. (p. 
125) 

The AEC’s rationale for stating that genetic hazards would 

be negligible was that while "mutations are [induced] in 

proportion to the dose, with no repair or recovery process 

  

‘The AEC set up the exclusion area around the Pacific Proving Ground not because of fear of 
fallout, but because of security concerns (Hewlett and Holl 1989, p. 171). 
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at work," the spontaneous mutation rate for humans 

is so low that it is doubtful that a doubling [of the 
spontaneous mutation rate, estimated to be produced by 

exposure to 80 roentgens] would be noticeable in one 
generation since a large proportion of the mutations are 
recessive. (p. 123) 

The report concluded by stating that 

[oln 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 [radiation] levels are 
high. (p. 123) 

While a few of the Nevada tests produced local 

fallout which prompted officials to warn area residents to 

stay indoors, the fallout did not cause public panic or 

widespread protest. Except for the question of whether 

fallout was responsible for a number of sheep deaths near 

the test site, the continental tests and fallout prior to 

Bravo caused little public concern (Hewlett and Holl 1989, 

pp. 150-6). 

The potential for fallout from atomic bombs to 

irradiate large areas was known since the Trinity test in 

New Mexico of the first atomic bomb on July 16, 1945. 

Evacuation plans were devised in case populated areas became 

exposed to high radioactivity levels. Fortunately for the 

Manhattan Project, the regions that showed the highest 

radioactivity levels, some as high as 20 R/hour, were mostly 
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uninhabited.** Since all detailed information on fallout 

from the Trinity test was classified, the only information 

available to the public was from government officials. 

Until the early 1950s, the official line was that no fallout 

had resulted from the Trinity test (Szasz 1984, ch. 6). 

Following the decision in 1950 to develop the 

hydrogen bomb, and with the advent of the continental 

weapons testing program in 1951, fallout from atomic testing 

became commonplace in the United States. From 1949 to 1958, 

the U.S. conducted at least 166 atmospheric tests and 22 

underground tests; the USSR and U.K. conducted another 111 

atmospheric tests (Norris and Ferm 1988). By 1952, the AEC 

had in place a nationwide system for collecting data on 

radiation levels from fallout. The AEC’s 121 monitoring 

Stations, most of which were located at Weather Bureau 

Stations, collected daily airborne and dust samples and 

forwarded them to the AEC’s New York Operations Office 

(NYO), where they were analyzed. Merril Eisenbud, head of 

the Health and Safety Division of the NYO office, was in 

charge of the project. A 1953 article in Science (Eisenbud 

and Harley 1953), describing the AEC’s fallout monitoring 

facilities, represents one of the few early attempts to 

  

"The dose of radiation at which 50% of those exposed would be expected to die (LD-50) was 
calculated to be about 450 to 500 R. If the 20R/hour level were to hold for several hours, 
fatalities would have resulted if the Trinity fallout hit populated areas, and persons in those areas 
took no precautions. 

65



disseminate fallout data to the public. The article’s 

findings are based on continental tests conducted in the 

winter and fall of 1951 and in the spring of 1952. The tone 

of the article is reassuring; it argues that the radiation 

levels from fallout are insignificant when compared to 

levels from naturally occurring radioactivity: 

For brief periods immediately following a detonation, 
the radioactive background can be markedly increased in 
some areas, but the cumulative dose from such 
depositions are minute because of the rapid decay of the 
activity. The long-lived components of the 
radioactivity are of a low order compared with the 
natural radioactivity of the earth’s surface and 
atmosphere. (Eisenbud and Harley 1953, p. 1947) 

According to the NYO data, the total radiation 

exposure from fallout, "under the worst conditions observed 

[0.05 mR], is .. . no greater than the dose received from 

natural radioactivity in a period of 25 days." Since the 

NCRP maximum permissible dose was 0.3 R/week, the worst dose 

from fallout was only "one sixth that allowed in a week." 

(pp. 146-7) The article stressed that environmental 

radioactivity, especially from radon, results in a much more 

Significant exposure than does fallout. In fact, the daily 

lung dose from radon, calculated to be 0.01 rem’, resulted 

in a much higher exposure than fallout, since the total dose 

  

“The rem is a unit of dose equivalent; it equals the absorbed dose of radiation (in rads) 
multiplied by other factors specifying such things as the effectiveness of the type of radiation in 
producing biological damage (Eisenbud 1984, p. 32). 
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from one atomic test was calculated at 0.02 rem (p. 147). 

Clearly, fallout was seen to be a negligible hazard to 

health. 

Ironically, events only three months later proved 

the AEC’s calculations wrong. Herbert Clark, a chemist 

at Rensselaer Polytechnic Institute in Troy, N.Y., observed 

on April 27 that the Geiger-Mueller counters in the 

radiochemistry lab were giving readings some three times 

higher than normal. The previous evening, the city of 

Troy--some 2300 miles from the Nevada Proving Ground--had 

experienced a torrential rain storm. Clark determined that 

fallout from a test conducted on April 25 had been deposited 

on Troy, and that "the extent of the rainout was much 

greater than that detected in the area from any previous 

nuclear detonation." (Clark 1953, p. 619) While Clark 

characterized the fallout levels as "exceptionally high, 

though not hazardous," he calculated that on the first day 

after the fallout, "the [radio]lactivity of drinking water 

was greater than 1 uuc/ml or about 100 to 1000 times greater 

than the natural radioactivity generally associated with 

surface and ground water, namely .. . 10% to 10° 

uuc/ml."*? (p. 621) Clark showed that this level violated 

  

A uuc, or micromicrocurie, is 10% curie, or one picocurie. The curie is a unit of radioactive 

decay = 3.7 x 10'° nuclear transformations per second (Eisenbud 1984, p. 31). 
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the NCRP standard for maximum permissible concentrations 

(Handbook 52, 1953), set at 0.8 uuc/ml for strontium-90 and 

0.01 uuc/ml for an unknown mixture of fission products 

(Clark 1953, p. 621). The levels did not, however, violate 

the Federal Civil Defense Authority’s emergency standard of 

5,000 uuc/ml. 

The Troy rainout did not receive national attention 

until after the fallout controversy (Sternglass 1981). In 

fact, in the spring of 1954, after the Bravo test and the 
  

controversy erupted over the Japanese fishermen exposed to 

fallout, the public temporarily lost interest in hydrogen 

bombs and fallout (Divine 1978, pp. 25-7). While the 

destructive power of the hydrogen bomb (AEC Chairman Lewis 

Strauss announced to stunned reporters on March 31, 1954 

that an H-bomb could "destroy a city.")** first became real 

to the American people as a result of Bravo, other news 

headlines drew attention away from atomic testing and 

fallout, including the Army-McCarthy hearings, the 

Oppenheimer hearings and the Supreme Court school 

desegregation decision (Divine 1978, pp. 26-7). 

The full magnitude of the fallout from Bravo became 

clear only after the nuclear physicist Ralph Lapp began a 

series of articles on fallout for Bulletin of the Atomic 

  

4In Williams and Cantelon (1984), pp. 112-13; see also Hewlett and Holl (1989), pp. 181-2. 
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Scientists (BAS). Lapp had been Assistant Director of the 

Metallurgical Laboratory in Chicago during the Manhattan 

Project. After the war, he was scientific advisor to the 

War Department General Staff and Acting Head of the Nuclear 

Physics Branch of the Office of Naval Research (ONR). In 

1950, he left the ONR to organize a writing and lecturing 

service. Lapp had become discouraged over the failure of 

the U.S. government to institute an adequate plan for civil 

defense in the event of atomic war. Interestingly, in 1950 

he saw no need to worry about the radioactivity from atomic 

bombs : 

Radioactivity has become a kind of national 
villain. As such, radioactivity has been grossly 
exaggerated as a hazard, and I personally believe that 
in an atomic war we would pay little attention to it. 
(Lapp 1950, p. 242) 

However, by 1954 Lapp’s view on fallout had 

markedly changed. Ina series of semi-technical articles 

published in BAS (of which he was guest editor) from 

November 1954 to June 1955,*° Lapp dissected the major 

scientific and policy issues of the emerging problem of 

fallout.** In these articles, Lapp questioned not only the 

AEC’s candor in relating information on fallout to the 

public, he also questioned the scientific basis of the 

  

"See Lapp (1954a, 1954b, 1955a, 1955b, 1955c, 1955d). 

®Cf, Hewlett and Holl (1989), pp. 281-2; Divine (1978), pp. 32-3; and Lapp (1979), p. 5. 
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arguments used by the AEC to justify what it perceived to be 

the nonexistent, minimal, or acceptable health hazards 

resulting from atomic testing. Lapp’s analyses represent 

the first important public quantitative assessments of the 

fallout resulting from atomic explosions, even if they were 

based on unofficial reports and estimates from the weapons 

tests (1955a). In fact, his calculations were deemed so 

accurate by the government that they resulted in allegations 

that information had been leaked to BAS by an AEC insider 

(Cook 1955, p. 196; Lapp 1955d, p. 339). Lapp’s articles 

were a major reason that the AEC finally issued a report in 

February 1955 (AEC 1955) stating its official position on 

fallout hazards. 

The most significant aspects of the Lapp articles 

were that they first revealed (1) the AEC’s tactics in 

dealing with the fallout problem; (2) the AEC position, and 

how it differed from the views of independent scientists and 

from the NCRP standards; (3) the AEC’s scientific arguments 

for dealing with the problem; and (4) the fact that it was 

possible to quantify, at least in terms of a statistical 

argument, the nature and extent of the fallout and the 

perceived health hazards that might result. 

Lapp’s initial article (1954a) provided a brief 

history of how the U.S. government had handled the problem 

of disseminating to the public information concerning atomic 
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energy Since World War II. As he revealed, the release of 

atomic information was under the direct control of the five 

Commissioners of the AEC, who were under pressure from the 

White House and the military to prevent sensitive 

information from being leaked. Several attempts at "public 

enlightenment" concerning the new atomic age had been 

attempted, but they had been either canceled or were 

impossible to obtain (pp. 312-14). For example The Effects 

of Atomic Weapons (Glasstone 1950), was provided in 1950 to 

civil defense authorities who had been requesting official 

data on atomic weapons effects. With this report, as Lapp 

remarked, 

[c]ivil defense got more than it bargained for. What it 
needed was a brief and understandable description of 
what damage is created by modern explosives. What it 
got was a Handbuch der Physik compilation replete with 
formidable equations and adorned with masses of 
technical phraseology. In effect, the AEC had handed a 
book on quantum theory to a youngster in knee britches. 

(p. 313) 

So an early tactic of the AEC was to make issues involving 

atomic weapons and fallout as confusing as possible, at 

least when information was released.’?’ Clearly, its rule 

  

Bundy (1988) argues that Eisenhower’s "Atoms for Peace" program, initiated in 1953, became 
in part a means to divert public attention away from the dangers of atomic weapons (pp. 287-95). 
Concerning Atoms for Peace and AEC Chairman Lewis Strauss’s handling of it, Bundy states: 

“Atoms for Peace, in [Strauss’s] hands, became not only the occasion for a new emphasis on the 
peaceful promise of the atom, but also the starting point for a conscious and sustained policy of 
using that promise as a means of reducing attention to the dangers of nuclear weapons. By the 
autumn of 1955 he felt able to claim success in this effort, proudly announcing to an audience of 
enthusiasts for nuclear power that at his [1955] Geneva conference on peaceful uses, ‘the 

mesmerism of the bomb’ had been cast off. ‘No other event that has occurred has done so much 
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of thumb was to maintain a policy of secrecy, the main 

justification of which was national security concerns.*® 

In addition, the withholding of pertinent 

information was another tactic used by the AEC in dealing 

with atomic information, especially fallout. In its first 

official release of fallout information on February 15, 1955 

(AEC 1955) the AEC ignored pertinent aspects of fallout 

effects (Lapp 1955b; 1955c). These included what Lapp 

identified as the persistence over time of fallout, the 

internal hazards, and the genetic effects. In its Sixteenth 

Semiannual Report (AEC 1954), the AEC stated that, as a 

result of the Bravo test in which American test personnel, 

island natives, and Japanese fishermen had been exposed to 

fallout, none of the test personnel showed any symptoms of 

radiation sickness and that "medical observations" did not 

indicate that permanent injury had resulted (pp. 51-2). In 

addition, the natives who had been exposed were reported to 

have experienced radiation burns, but that they were "almost 

completely healed." As for internal exposure to fission 

products, the report stated that "in no case did the body 

burden for the various radioactive lsotopes exceed the 

  

toward taking the horror-the terror--out of the atom.’" (p. 303) 

8Cf. Hewlett (1981); Kevles (1990); Forman (1987); Boyer (1985), pp. 187-8; Hewlett and Holl 
(1989), p. 294; and Seidel (1991), p. 145. 
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permissible limits." The report concluded that "there is no 

reason to expect any permanent after effects on the general 

health of these people." (p. 52) In addition, the report 

mentioned that the human body is continually being exposed 

to radiation from cosmic rays and the soil as well as from 

naturally occurring radioactive isotopes. It concludes with 

the following: 

The level of activity from fall-out, outside the area 
surrounding the Pacific Proving Ground, has been far 
less than any required to produce detectable injury 
either from the radioisotopes within the body or from 
external radiation, or from a combination of the two. 

(p. 54) 

As Lapp mentioned in his rebuttal to the AEC 

release of February 1955, the "AEC report is not candid on 

the persistence of Fall-out." The report provided no 

information on the regions hardest hit by the fallout. 

Lapp’s calculations using AEC data showed that the 110-mile 

downwind location of the 1954 accident would produce lethal 

doses of radioactivity (to unprotected persons) for as long 

as several months after the blast (Lapp 1955b, pp. 170, 

200). According to the AEC report, the test "contaminated a 

cigar-shaped area extending approximately 220 statute miles 

down-wind and varying in width up to 40 miles." (AEC 1955, 

p. 13) This suggests that fallout was limited to this area. 
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However, fallout was not limited to this region.’® The 

"contaminated area" mentioned in the AEC report included 

only the region in which deaths were likely to occur: 

At a distance of 220 miles or more down-wind, it is 
unlikely that any deaths would have occurred from 
radioactivity even if persons there had remained exposed 
up to 48 hours and had taken no safety measures. (p. 15) 

Furthermore, the information on the exposure of the 

natives was also less than candid. It neglected to mention 

that many of the islanders suffered from acute radiation 

poisoning, the symptoms of which included nausea, vomiting, 

and diarrhea (Cf. Eisenbud 1990, pp. 97-103). The 

prediction that no long-term effects to their health would 

result was not realized; 19 of the 21 children on the island 

of Rongelap who were under the age of twelve at the time of 

the blast eventually developed thyroid tumors, although this 

cancer did not appear until ten years later (Titus 1986, p. 

48). 

Moreover, the results of actual tests performed on 

the Rongelapese indicated that the mean internal thyroid 

levels of I-131 radioactivity were reported to be between 

  

‘The fallout pattern from Bravo was discussed at an AEC meeting on May 24, 1954 ( Hewlett 
and Holl 1989, p. 182). General Kenneth E. Fields presented a diagram with the Bravo blast 
superimposed on Washington, D.C. (on p. 181) The fallout would have resulted in a life time 
dose of 5,000 roentgens to fully exposed persons in the Baltimore-Washington area; over 1,000r to 
those in Philadelphia; and over 500r to those in New York City. The dose at which half of the 
exposed population would be expected to die (LD-50) is about 500r. According to Hewlett and 
Holl (1989), the "diagram was classified secret and received very little attention beyond the [AEC] 
Commissioners." (p. 182) Fallout would have been extended past the Canadian border. 
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6.4 and 11.2 microcuries at one day. This far exceeded the 

maximum permissible amount, 0.3 microcuries, as set by the 

NCRP (Eisenbud 1973, p. 405). 

As Eisenbud (1973) states in his textbook on 

radioactivity and its biological effects, the U.S. weapons 

tests "discharged into the environment .. . amounts of 

radioactivity that were large in relation to the 

prohibitions self-imposed by the AEC. .. ." (p. 12) And as 

far as the biological effects of radiation were concerned, 

Eisenbud concludes that 

in one way or another, almost all the major effects of 
ionizing radiations on man were known prior to World War 
ITI. Moreover, the basic techniques for protecting 
workers were also known and have been utilized ever 
Since with minor basic modifications. (p. 19) 

So by early 1955, the controversy over fallout was 

a permanent problem for the AEC.*° Furthermore, it became 

entrenched in political debates concerning atomic testing. 

As Hewlett and Holl (1989) state, "[t]he Bravo shot 

unexpectedly had forged inseparable links between the 

fallout issue and international demands for a nuclear test 

ban." (p. 295) One of the most polemical and emotional 

aspects of the controversy was concern over the genetic 

effects of radiation. This concern became entangled with 

  

“according to Bundy (1988), "[nJeither Eisenhower nor any member of his administration was 
responsible for originating interest in a test ban. Where Atoms for Peace had been essentially an 
internally developed gimmick designed to give hope, . . . the pressure for limiting or ending tests 
emerged from a widespread fear of radioactive fallout." (p. 329) 
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concerns over fallout and atomic testing. Moreover, the 

classical/balance controversy became entwined with these 

debates. Dobzhansky’s position in the controversy hardened 

in 1955, and within the genetics community, scientific 

battle lines were drawn. The AEC tapped into the 

classical/balance controversy in order to deflect public 

concern over genetic effects. 
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CHAPTER III 

THE AEC AND THE CLASSICAL/BALANCE CONTROVERSY 

In order to assess the AEC’s use of scientific data 

from the classical/balance controversy in justifying its 

claims that fallout from atomic testing was harmless, or 

even beneficial, it is necessary to outline the official 

position of the AEC on fallout hazards. To facilitate this, 

I first provide an outline of the administrative structure 

of the AEC, including the role of the AEC Commissioners in 

setting nuclear weapons policy. Next, I present an analysis 

of official and public statements of AEC officials, and 

compare these to the positions of other government agencies 

and the positions of those in the genetics community. I 

will show that the AEC’s position on the genetic hazards of 

radiation was most often a distortion of the views of 

geneticists from both sides of the classical/balance 

controversy. AEC officials sought to downplay the 

biological hazards of fallout, including the genetic 

hazards, in order to allay public concerns over fallout. 

AEC Chairman Lewis Strauss and Commissioner Willard Libby 

were among the AEC officials who argued not only that atomic 

testing was essential for the defense of the free world, but 

that the fallout from testing was insignificant to public 
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health. 

Atomic Weapons Policy 

Responsibility for national policy on atomic 

weapons rested with the White House, the Department of 

Defense (DOD), and the AEC. The Joint Chiefs of Staff 

recommended weapons requirements to the President and the 

Secretary of Defense. The AEC’s role was advisory only; it 

advised on the feasibility of weapons development. It was 

the AEC with its national laboratories, however, that was 

responsible for the design of the atomic weapons which the 

Military would recommend for development (Hewlett and Holl 

1989, pp. 8-12). 

AEC radiation protection responsibilities fell 

under the Division of Biology and Medicine (DBM). As 

Hewlett and Holl (1989) state, the AEC 

saw its first responsibility in biology and medicine as 
safeguarding the health of atomic energy workers and the 
Civilian population in general from the harmful effects 
of radiation, whether from normal commission operations, 
weapons tests, or enemy attack. (p. 8) 

One of the AEC’s nationwide operations offices, the New York 

Operations Office (NYO), was attached to the DBM. The 

industrial hygienist Merril Eisenbud, who had been Director 

of the NYO Health and Safety Laboratory (HASL) from 1949 to 

1954, was director of the NYO office. Eisenbud’s NYO was in 

charge of fallout monitoring, and an international system 
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was in place by 1952 (see Ch. II, above). In addition, 

Eisenbud became one of the AEC’s chief spokesmen on the 

nature and danger of fallout (Cf. Eisenbud 1990, pp. 

116-133). 

Also part of the AEC administrative structure were 

the General Advisory Committee (GAC) and the Advisory 

Committee on Biology and Medicine (ACBM), both of which 

reported by letter to the Chairman of the AEC, Lewis Strauss 

(Testimony of Libby, JCAE 1957, p. 1208). The GAC was an 

advisory panel, usually physicists and other physical 

scientists, which reported and advised the AEC Commissioners 

on technical matters. The physicist Isidore Rabi was 

Chairman of the GAC from 1952 to 1956. Other members in the 

1950s included Libby (1950-1954), John von Neumann (1952- 

1954), Eugene Wigner (1952-1956), and Edward Teller (1956- 

1958) (Hewlett and Holl 1989, p. 573). The ACBM was an 

advisory panel of mostly physicians and biologists, which 

reported on matters relating to biology and medicine. A 

geneticist was always included on the ACBM; among those were 

George Beadle, Curt Stern, and Bentley Glass (Testimony of 

Libby, JCAE 1957, pp. 1207-8). Gioacchino Failla was 

Chairman of the ACBM in the mid-1950s. 

Radiation Protection Policy 

With the increasing controversy in the mid-1950s 
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over fallout and atomic testing, there emerged no single 

official organization or mechanism for setting legally 

binding radiation exposure limits for civilians or atomic 

workers. The National Committee on Radiation Protection 

(NCRP), while it was under the administration of the 

National Bureau of Standards (NBS), was merely an advisory 

committee (see Ch. II, above). Lauriston Taylor, Chairman 

of the NCRP, resisted the AEC’s suggestion that the NCRP’s 

guidelines be made legally binding. Taylor wanted the 

functioning of the NCRP to remain relatively independent of 

the agencies it advised. The AEC originally wanted legal 

standards so the atomic energy industry would not be subject 

to the possibility of frivolous downward reductions in 

permissible exposures (see Ch. II, above). 

The NCRP’s radiation protection guidelines were, 

however, accepted and put into practice by virtually all 

federal and state agencies. This is not surprising, given 

the presence and influence of AEC officials on the NCRP 

subcommittees. Even Sheilds Warren, the first director of 

the AEC’s DBM, and one of the staunchest defenders of atomic 

testing, gave the following somewhat exaggerated version of 

the NCRP standards in his testimony before the Joint 

Committee on Atomic Energy’s (JCAE) 1957 hearings on 

radioactive fallout: 

This is a purely informal group which has had such 
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efficiency in its work, such scientific standing, that 
the AEC and practically all of the governmental and 
state agencies accept its ruling as official, and 
through the recording of these in the Federal Register 
they have the force of law. (JCAE 1957, p. 1415) 

What Warren may have been referring to was the fact 

that as a requirement for receiving a license to handle 

radioactive material, private industry was required to abide 

by the standards of the NBS or the AEC (JCAE 1957, p. 788). 

But the AEC itself was not officially or legally bound to 

the radiation guidelines of any other governmental agency. 

In addition, the NCRP standards, published as NBS handbooks, 

did not in and of themselves have the force of law. 

Therefore, in the case of fallout produced by the AEC’s 

atomic testing program, there were no legal standards of 

radioactivity exposure or contamination which the AEC had to 

consider when recommending policy on weapons testing. 

On the one hand, this situation prevented legal 

problems for the AEC during the fallout controversy. On the 

other hand, the confusion created as a result of the 

plethora of agencies and committees promulgating "maximum 

permissible doses" or "permissible exposures"--for example, 

the NCRP, ICRP, NAS, and UNSCEAR--became a liability for the 

AEC and its atomic testing program. While the absence of 

legally binding standards may have saved the AEC possible 

legal problems, the public furor created by scientists 

critical of the AEC, and by the debates spawned by the 
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various committee reports, created what the AEC saw as a 

"public relations problem" (Hewlett and Holl 1989, pp. 

449-56). 

Atomic Testing and Fallout 

According to Hewlett and Holl (1989), by the summer 

of 1957 the public clamor over fallout had put the AEC on 

the defensive. Most Americans favored a test ban of some 

sort, and international public pressure had already 

convinced President Eisenhower that negotiations with the 

Soviet Union on a verifiable test ban were a political 

necessity (pp. 449-50; ch. 14). AEC Chairman Strauss and 

Commissioner Libby, however, remained steadfastly opposed to 

any cessation of weapons testing. Strauss, who also served 

as Eisenhower’s special assistant for atomic energy matters, 

repeatedly impressed on the President the need to continue 

atomic weapons testing. But by May of 1957, at which time 

the Joint Committee on Atomic Energy (JCAE) was to commence 

its first hearings on radioactive fallout, Strauss was 

pessimistic about the public’s perception of the "fallout 

problem." As Hewlett and Holl (1989) state: 

Almost literally, the Commission saw itself on the 
ropes, the defensive victim, not of sloppy testing or 
bad science, but of a deepening public relations fiasco. 
Strauss continued to believe that Americans could 
support the Commission’s need to test if only the public 
could receive a full and accurate assessment of 
radiation hazards. (p. 450) 
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How the AEC came to be in such a thorny position in 

part revolves around the scientific controversies over 

fallout and the hazards of radiation. One component of the 

scientific debates was disagreement over the magnitude of 

the genetic effects of radiation. In the mid-1950s, the AEC 

adopted as its official position that the biological hazards 

of fallout from atomic testing were insignificant. While 

there was close to total agreement by geneticists and AEC 

researchers that there was no threshold dose of radiation 

below which mutations would not be induced, and further that 

most induced mutations would be harmful, AEC spokesmen and 

researchers maintained that genetic damage from fallout was 

small, if not negligible. 

Many geneticists, however, argued that the genetic 

damage from fallout was quantifiable, and that the number of 

affected persons was anything but negligible. Controversy 

erupted and both sides utilized the media to air their 

differences. For the most part, this controversy involved 

non-geneticists in the AEC arguing genetic effects were 

small and undetectable, and independent geneticists 

Maintaining that the effects were measurable and potentially 

large. The classical/balance controversy--originally an 

intrascientific controversy among geneticists concerning the 

nature of genetic variation and the scope of natural 
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selection--became drawn into the fallout controversy when 

AEC officials and others began publicly suggesting that 

research by geneticists of the balance school could be 

interpreted as showing that exposure to low levels of 

radiation might be genetically beneficial. 

The Genetic Dangers of Fallout 

The polarization of views on the genetic dangers of 

fallout began at least as early as June 1954 when Alfred 

Sturtevant, an internationally respected geneticist and 

former colleague of Dobzhansky, gave the Presidential 

Address (Sturtevant 1954) at the Pacific Division of the 

American Association for the Advancement of Science (AAAS) 

in Pullman, Washington.* After discussing a diversity of 

subjects such as the genetic basis of the nature/nurture 

controversy and its misuse in racist viewpoints, Sturtevant 

devoted the remainder of his address to the genetic hazards 

of fallout. While he admitted that much uncertainty 

confounded attempts to quantify the genetic damage from 

radiation, especially in humans, he stated 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." (pp. 406-7) 

  

'Cf. Kopp (1979); and Divine (1978), pp. 33-4. 
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Among these purported results was the claim that there is 

"no threshold value below which irradiation is ineffective" 

in producing mutations, and that the 

overwhelming majority of these mutations is deleterious- 
-that is they seriously affect the efficiency of 
individuals in later generations in which they come to 
expression. These deleterious genetic effects may lead 
to early death or to any of a wide variety of defects, 
often gross ones. (p. 407) 

Sturtevant’s address is significant for two 

reasons. First, he was advocating the classical line, 

according to which virtually all mutations are to be 

considered dangerous as they add to the population’s genetic 

load. Second, the reference to "gross" genetic defects 

fostered the popular misconception that genetic defects are 

limited to horrible physical deformities or monsters.’ 

Such a view, a distortion of Muller’s classical position, 

had made its way into the popular literature since the 

bombings of Hiroshima and Nagasaki. When fallout became a 

public concern, the AEC tried to deflect such arguments and 

prevent public panic. Clearly, Sturtevant’s position called 

into question the foresight of atomic testing policy. It is 

not surprising that the AEC sought its own expert opinions 

  

2See, for example, Scheinfeld (1947), and Mumford (1954), p. 151. In this context, 
"gross" defects refers to visible or easily recognizable genetic abnormalities. In this period, the 

term "monsters" was often used to denote such obvious physical deformities. Carlson (1981) 
characterizes Sturtevant’s views on radiation hazards at this time as "errors" (p. 356). 
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on the hazards of fallout, and sought to reassure the public 

of the safety of atomic testing, especially when prominent 

scientists such as Sturtevant made alarming claims: 

There is no possible escape from the conclusion that the 
bombs already exploded will ultimately result in the 
production of numerous defective individuals--if 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. (p. 407) 

Muller himself believed that his position was 

misunderstood as being consonant with the view that the 

genetic damage from radiation produces monsters. As he 

wrote in 1953: 

Sometimes the warnings have been sensationalized and 
exaggerated so that people got the idea that their 
children were likely to be monsters, but more usually 
the warnings were quietly sidetracked by the people 
dealing with radiation, both medical men and others, 
because they did not want to have the public think that 
they might be doing damage. When referring to my 
warnings, they usually made it appear that I had 
indulged in the same kind of sensational presentation of 
them as that of the alarmists. .. . (Quoted in Carlson 
1981, pp. 354-5) 

It may have been such a perception of Muller’s 

views which led Libby to ban Muller from reading a paper 

(Muller 1955c) on the genetic hazards of radiation at the 

United Nations International Conference on the Peaceful Use 

of Atomic Energy (Atoms for Peace Conference), held in 
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Geneva in August 1955.° After the conference, Muller 

learned that the AEC had deliberately removed him from the 

conference schedule. The incident caused public 

embarrassment for the AEC, especially since it had initially 

blamed the U.N. for rejecting Muller’s paper. In an 

interview after the conference was held, but before the 

controversy broke, AEC Chairman Strauss commented on the 

outcome of the Geneva conference: 

I think there is--there was a good deal of discussion of 
radiation hazards and the meteorological 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. (Cook 1955, 
p. 197) 

The aftermath of the controversy caused a stir 

in the genetics community. Many geneticists believed that 

the conference had been "packed" to serve the AEC position 

(Cook 1955; Beadle 1955). Bruce Wallace, whose experiments 

(Wallace and King 1951, Wallace 1956) indicated that 

populations of irradiated Drosophila had produced 

generations with a higher proportion of viable offspring 

than control groups, was one of the speakers at the 

conference. In March 1955, prior to the conference, the AEC 

had presented Wallace’s experiments to the public in U.S. 

News and World Report: 

  

7On the "Muller fiasco," see Carlson (1981), ch. 25; Beatty (1987), pp. 303-7; and Hewlett and 

Holl (1989), pp. 266-9. 
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AEC TESTS SHOW: Fruit flies, raised for 128 generations 
in highly radioactive surroundings, did not degenerate 
as expected. Instead, they ended up a better race of 
fruit flies--heartier, more vigorous, more reproductive, 
with better resistance to disease.* 

The article accused certain people of causing unnecessary 

"fear of A-bomb test," and asserted that fallout from atomic 

testing was not hazardous. As for the possible genetic 

dangers, the article claimed that "some experts believe that 

mutations usually work out in the end to improve species." 

This article represents perhaps the first public 

presentation of the hardened balance view of Dobzhansky, 

Lerner, and Wallace. Contrary to the explicit positions of 

these scientists, the article was an overt attempt to 

demonstrate the harmlessness of atomic testing. Wallace was 

"dismayed" at the AEC’s public display of his experiments, 

and a number of noted scientists complained to the AEC, 

including Linus Pauling, Curt Stern, and Muller (Kopp 1979, 

p. 410). It may have been this article that prompted Muller 

to respond to the AEC’s position on fallout in his lecture 

at the National Academy of Sciences in Washington, D.C. 

According to Hewlett and Holl (1989), Muller’s lecture 

(Muller 1955a, 1955b) "caused alarm in government circles 

because it explicitly related genetic damage to nuclear 

  

*"The Facts About A-Bomb Fallout," U.S. News and World Report, 25 March 1955, pp. 21-6; 

quotation from p. 25. 
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testing and nuclear warfare and because Muller had already 

given a copy to the Bulletin of the Atomic Scientists for 

publication." (p. 267) In his lecture, Muller directly 

attacked Wallace’s experiments, the AEC’sS position on 

fallout hazards, and the view that no genetic damage 

resulted from the atomic bombings of Hiroshima and Nagasaki. 

However, Muller did not yet call for a test ban;* rather, 

he opposed it and characterized such calls as "defeatist 

propaganda." But as far as the genetic damage from testing 

was concerned, Muller believed society had to "recognize the 

truth, to admit the damage, and to base [its] case for 

continuance of the tests on a weighing of the alternative 

consequences." (Muller 1955a, p. 839) 

Quantifying the Biological Effects of Radiation 

Shortly after the Geneva Conference, the United 

Nations established the Scientific Committee on the Effects 

of Atomic Radiation (UNSCEAR). Shields Warren, former 

Director of the AEC’s DBM and now on the ACBM, was the U.S. 

delegate. Merril Eisenbud was the alternate delegate. Both 

men were among the AEC’s chief spokesmen on fallout hazards; 

  

*Carlson (1981) gives an overview of Muller’s view on atomic testing in the period 1953 to 
1955 (pp. 354-6). Muller supported atomic testing; he believed that the "destruction of civilization 
would be much more likely to occur if such weapons as the atom bomb were not developed by 
scientists in the United States, since they surely would be developed by those in the Soviet Union 
anyway and in that case would be used, either directly or through the pressure created by the 
threat of their use, to accomplish the enslavement of all mankind." (p. 354) 
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both consistently argued that the biological effects of 

fallout were minimal.* As Beatty (1987) indicates, 

adherents of both the balance and classical views of 

genetics were among the consultants to the U.S. delegation; 

these included Dobzhansky and Crow. The first UNSCEAR 

report was not released until 1958 (UNSCEAR 1958). In the 

committee’s deliberations, the balance view was given 

serious consideration (Beatty 1987, pp. 307-11). Clearly, 

both Warren and Eisenbud, neither of whom were geneticists, 

received first-hand exposure to the classical/balance 

debate. 

In addition, both Dobzhansky and Muller served on 

the subcommittee on genetics of the National Academy of 

Sciences study on the Biological Effects of Atomic Radiation 

(BEAR I, 1956). Interestingly, Shields Warren also served 

on this subcommittee and was chairman of the pathology 

subcommittee. The committee members, including Sewall 

  

*in his testimony before the JCAE in 1957, Warren stated: "I firmly believe as a physician that 
it is inexcusable for us to jeopardize our own safety and that of the rest of the free world in order 
to eliminate a risk of as low an order of magnitude as is constituted by any reasonable program of 
atomic weapons testing." CAE 1957, p. 1418) In 1956, Warren argued that if the rate of atomic 
testing were continued for thirty years, background levels would not rise appreciably and the 
genetic hazard would be insignificant (New York Herald Tribune, 18 October 1956). Ralph Lapp, 
in his testimony before the JCAE in 1957, accused AEC spokesmen of making “reckless” statements 

regarding the health effects of fallout. In particular, he focused on a comment Eisenbud made to 
the New York Sunday News on March 20, 1955: "The total fallout to date from all tests would 
have to be multiplied by a million to produce visible deleterious effects except in areas close to 
the explosion itself." Using Eisenbud’s own calculation of 10 milliroentgens as the dosage from 
fallout in Troy, NY, Lapp multiplied this by 10° and got 10,000 roentgens. Senator Anderson 
noted: "10,000 roentgens would kill everybody in sight." (p. 1277) 
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Wright, Alfred Sturtevant, and James Crow, argued over the 

use of Muller’s genetic load concept as a basis for 

establishing radiation exposure guidelines. Sturtevant 

Supported Muller and Wright argued for Dobzhansky, who found 

the mathematical discussion too complex. Wright maintained 

that Muller’s position was an oversimplification of the 

facts (Crow 1987, pp. 370-1). As Crow (1987) states, the 

disagreement "almost kept the committee from releasing its 

report, for Muller and Wright were both adamant." A 

compromise was reached, and "the genetic load argument was 

included, but not used exclusively." Crow recalls that 

"there was no disagreement about the recommendations of the 

committee, only about the way in which they were justified." 

(p. 371) 

The 1957 Fallout Hearings 

In order to assess the positions of the opposing 

parties in the fallout/atomic testing debate, the 1957 

fallout hearings (JCAE 1957) before the Joint Committee on 

Atomic Energy (JCAE) is perhaps the best available record. 

We will utilize the testimony and record of these hearings 

to gauge the state of the debate over the genetic effects of 

fallout. As indicated, in the 1950s there was no official 

or legally binding policy statement on radiation exposures 

which the AEC had to follow. However, the AEC was compelled 
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to give its official views on radiation hazards before the 

Joint Committee. Additionally, in order to cope with its 

"Dublic relations problem," the AEC officials made numerous 

public pronouncements on fallout hazards in order to allay 

public fear. 

The 1957 JCAE Fallout Hearings reveal a number of 

Significant points. First, on the question of the genetic 

effects of fallout, there was surprising agreement among the 

geneticists who testified, including the one AEC geneticist 

to appear. The classical viewpoint dominated the 

discussion, with only non-geneticists arguing a position 

closer to the balance view. In addition, the geneticists 

called for some kind of limitation or ban on testing, for 

more geneticists in policy-making positions within the AEC, 

and for more funding for genetics research. 

Second, the AEC policy-makers who testified were in 

virtual agreement that atomic testing must continue for 

national security reasons; that fallout caused negligible or 

acceptable health hazards; and that the genetic effects of 

fallout were not a cause for alarm. Moreover, only AEC 

officials (non-geneticists) presented arguments to the 

affect that low levels of radiation might be beneficial to 

the future generations from an evolutionary standpoint. 

These arguments, a distortion of the balance viewpoint, were 

used by AEC officials in their testimony before the JCAE. 
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Much stronger and more distorted versions, however, were 

offered to the public via lectures, addresses, the news 

media, and popular books. The purpose of these arguments, 

stating that fallout might actually be genetically 

beneficial, was to calm public fears of fallout and to 

counter the arguments of geneticists like Muller and 

Sturtevant, who publicly warned about the genetic dangers of 

fallout and called for a halt to weapons tests. The view 

that the AEC, possibly with instructions from Eisenhower, 

deliberately made issues concerning atomic testing confusing 

to the public, cannot be ruled out.’ 

Geneticists at the 1957 Fallout Hearings 

There was general agreement among geneticists who 

testified at the 1957 Fallout Hearings (JCAE 1957) on the 

nature of the genetic effects of radiation. Those 

testifying were James Crow, Bentley Glass, Hermann Muller, 

Alfred Sturtevant, and William Russell, principal geneticist 

for the Oak Ridge National Laboratory. As Senator Clinton 

  

7A 1979 New York Times article (Clymer 1979) recorded the furor that erupted when 
declassified documents suggested that Eisenhower had told the AEC in 1953 to "keep the public 
‘confused’ with its explanations of the kind of explosions that were causing radioactive fallout. . . 
." (p. Al) Senator Edward M. Kennedy, chairman of the Subcommittee on Health, “argued that the 
commission’s [AEC] interest in its bomb-testing program had led it into a ‘clear pattern of 
distortion’ of the health implications of the atmospheric testing." (p. A2) The article states that the 
"records released by Mr. Kennedy showed many instances of commission [AEC] concern that 
public fears might soon force them to give up the Nevada test site, along with discussions of ways 
to allay those fears." (p. A20) 
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P. Anderson remarked: 

I was just wondering if geneticists had a union, guild 
or gang, or something that teaches you to hang together? 
This is not only the most agreeable group of seven 
scientists [2 non-geneticists participated in this 
discussion], but certainly the most agreed group I have 
seen. (p. 1144) 

Sturtevant replied: 

I would like to say that I think it would have been very 
difficult to get together a group that would have 
disagreed with most of what has been said here among 
practicing geneticists. (p. 1144) 

In his testimony, Crow gave a summary of 

information on the genetic hazards of radiation. He stated 

four points he deemed "well established principles that are 

necessary background for any discussion of possible genetic 

hazards to man." (p. 1009) These principles were: 

1. All high energy radiations increase the rate of 
Mutation. . 

2. Almost all mutations that have been studied 
have been harmful. 

3. My third main point is that one might perhaps 
think that mutations that cause only a minor impairment 
are unimportant, but this is not so for the following 
reason: Deleterious mutant genes are eventually 
eliminated from the population since they generally 
increase the death rate or lower the fertility of the 
person carrying them. A mutant [gene] that causes a 
great deal of harm is eliminated in a few generations. 
But one which causes only a small amount of harm will 
persist much longer, and thus affect a correspondingly 
larger number of persons. On the average the larger 
number affected by a mild mutation roughly compensates 
for the lesser effect on the individual. 

4. Evidence from experimental animals, principally 
Drosophila, indicates that the number of mutations 
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produced is strictly proportional to the amount of 
radiation received. (pp. 1009-10, 1012-13) 

The testimony of the other geneticists did not 

depart appreciably from Crow’s position, a good summary of 

the classical view on radiation genetics. Some members of 

the JCAE, however, pressed Crow on his view that most 

Mutations are harmful. For example, Senator John W. Bricker 

asked Crow to explain, if most mutations are harmful, how to 

Square this view with the fact that background radiation 

must be producing deleterious mutations constantly. As 

Bricker stated, "There must be some that are beneficial or 

there would not be the evolutionary process taking place in 

life." (p. 1011) Crow explained: 

The reason for this is natural selection. The 
Mutant genes that have occurred in the past have been 
weeded out by the process of natural selection so that 
the genes which are now part of the normal population 
are those which have been retained by this process of 
natural selection. Therefore, even though the great 

majority of mutants at the time they occur are such as 
to cause harmful effects to the descendants, the ones 
which cause the most harmful effects are eliminated by 
natural selection. The genes left in the population are 
the beneficial ones. (p. 1012) 

One point of ongoing confusion between the 

geneticists and the committee members was over the genetic 

effects to individuals versus effects to the population as a 

whole. What might be considered "beneficial" to a few 

individuals may not be advantageous to the population as a 

whole. Similarly, what might be considered "beneficial" in 
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terms of population fitness to one population as compared 

with a second population, may still not mean that most 

individuals in that first population 

more fit. It depends on how fitness 

measured, and whether one is talking 

population fitness. Therefore, even 

exposed to low-level radiation might 

generations with a higher percentage 

are better off, or were 

is defined and 

about individual or 

though a population 

produce subsequent 

of individuals with 

increased fitness, as compared to a non-irradiated 

population, this does not entail that most or even many of 

the individuals in the progeny of the irradiated population 

are better off. Consider the following exchange in Crow’s 

testimony between Crow and Senator Bourke B. Hickenlooper: 

HICKENLOOPER: I am sorry to keep interrupting you, 
Doctor, but, may I ask, do some mutations have a 
beneficial effect occasionally? 

CROW: I think a very small minority of mutations 
probably have a beneficial effect. 

HICKENLOOPER: We have had experience in mutations 
in grain where exposed to radiation, and I think the 
record shows that while in the overwhelming number of 
those mutations the progeny is less desirable than the 
ancestor, yet in a certain small percentage the 
mutations produced are in many ways far superior to the 
ancestry. Is that your understanding? 

CROW: I think that is very likely true in man as 
well, Senator, but neither you or I would suggest-- 

HICKENLOOPER : I am sorry; I understand that you 
talked about that on the record before I came in, and I 

do not want to go over the same ground. 
CROW: I have a sentence I want to say, anyhow. I 

think neither you or I are willing to suggest that we 
sacrifice 999 persons with inferior mutations in order 
to get one beneficial one. 

HICKENLOOPER: I think we agree that is not evena 
50-50, one horse and one rabbit, but I only wanted to be 
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assured on the point that, in effect, not all mutations 
are bad and that if we have to have mutations there 
might be some modicum of benefit that would come out of 

~ CROW: A very small amount. (pp. 1019-20) 

Neither Dobzhansky nor Wallace, who accepted 

extreme versions of the balance view, argued that fallout or 

other forms of low-level radiation would be genetically 

beneficial to subsequent generations of humans. In fact, 

they both publicly called for a test ban (Wallace and 

Dobzhansky 1959). Wallace (1957), whose paper for the 1956 

World Health Organization conference on the genetic effects 

of radiation was submitted for the record of the 1957 JCAE 

Fallout Hearings, made the point quite clearly. He 

characterized the classical position as one which 

"postulates that individuals of the highest possible fitness 

can be completely homozygous," and the balance view as one 

which "assumes that even under constant environmental 

conditions the individual with the highest fitness is 

genetically heterozygous rather than homozygous." (p. 1758) 

In the former, natural selection eliminates deleterious 

alleles from the population. In the latter, natural 

selection balances various allelic combinations depending 

upon environmental conditions and serves to maintain 

diversity of genotype. With respect to which view of 

natural selection is correct, however, Wallace offered the 

following: 
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If it should develop that selection is more 
effective in man than we have suspected, we must 

nevertheless be wary of those who claim that radiation 
will do no harm to the human species. The rate at which 
Mutant genes enter the gene pool of a population must 
equal the rate at which they leave. Mutant genes leave 
the gene pool by the effective elimination of 
individuals whether through death, sterility, failure to 
reproduce, or a tendency to reproduce at a reduced rate. 
Effective elimination of individuals means, for human 
beings, that one individual is placed at a disadvantage 
relative to another; in many instances the "elimination" 
is accompanied by mental or physical suffering. 
Therefore, regardless of the ability or inability of 
"natural" selection within human populations to 
forestall extinction or to maintain the "fitness" of the 
population as a whole, we are still forced to the 
conclusion that every exposure of individuals to 
irradiation must be justifiable in terms of the 
beneficial effects that exposure confers either to the 
exposed individual or the population as a whole. In the 
light of known effects of radiation it is impossible to 
defend unnecessary or unnecessarily high exposures. (p. 
1761) 

With regard to AEC policy and atomic testing, the 

geneticists at the fallout hearings were again in 

agreement.® Glass warned that "unless some international 

agreement to limit weapons-testing, or to eliminate it, is 

reached, it will only be a matter of a few years until other 

nations will be testing weapons, too." (p. 1037) Sturtevant 

  

®In May of 1957, the scientists Linus Pauling, Barry Commoner, and Edward Condon (Pauling 
1957) drafted a petition calling for "an international agreement to stop testing of all nuclear 
weapons.” By June the petition had been signed by 2,173 scientists, including many working in 
government laboratories. The petition stated: "Each nuclear bomb test spreads an added burden 
of radioactive elements over every part of the world. Each added amount of radiation causes 
damage to the health of human beings all over the world and causes damage to the pool of 
human germ plasm such as to lead to an increase in the number of seriously defective children 
that will be born in future generations." (p. 264) Among the scientists who signed the petition 
were Ralph Lapp and the geneticists Bentley Glass, Richard Goldschmidt, Ledyard Stebbins, Alfred 
Sturtevant, Sewall Wright, and Dobzhansky and Muller (pp. 265-6). 
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argued that "every bomb test adds to the biological hazard. 

It follows that the most effective way to reduce future 

hazards would be not to test any more bombs." (p. 1047) 

Muller, who only a few years earlier had supported atomic 

testing and had characterized calls for a test ban as 

"defeatist propaganda," (Muller 1955a, p. 839) now was 

strongly in favor of a cessation of testing:?’ 

[Tlhe consequences of a full-fledged war, with its heavy 
irradiation of large numbers of people on both sides, 
would be inordinately more serious [than testing itself] 
in its effects on the human genetic heritage as well as 
in its more direct effects. It is this consideration 
which, in any opinion, makes a continuation of test 
explosions a monstrous mistake of policy for both sides. 
Of course, it would be absurd to expect one side to stop 

without the other. But a continuance by both sides 
would tend to lead the world nearer to a war that even 
with present techniques would result in the cataclysmic 
ruination of humanity in general. (p. 1059) 

Concerning the way the AEC handled policy matters 

regarding testing and the genetic effects of fallout, the 

geneticists argued that the AEC was not doing all it could. 

Glass, a member of the Advisory Committee on Biology and 

Medicine (ACBM) of the AEC, called for a geneticist to serve 

as an AEC Commissioner, or at least have "the present 

General Advisory Committee [GAC] revised to include 

geneticists and biologists." (p. 1040) Glass believed that 

  

°As Muller explained in his testimony: "Il might add in this connection that in my talk to the 
National Academy [of Sciences] 2 years ago | stated it to be my belief at that time that a 
continuation of the nuclear tests was necessary. | still think that this was the case at that time but | 
think the situation has changed since then." (CAE 1957, p. 1060) 
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the AEC program of research demonstrated an 

imbalance between emphasis on the physical aspects of 
atomic energy and on the biological counterpart, its 
effects on living beings. ... I think it is safe to 
predict that this imbalance is likely to continue until 
the genetic and other biomedical problems and points of 
view are appropriately represented on the Commission 
itself. (p. 1038) 

Sturtevant criticized the AEC position for 

minimizing the potential genetic damage from test fallout, 

and for comparing such risks to those "that we voluntarily 

take repeatedly--such as those involved in riding in an 

automobile or going for a swim at the beach." (pp. 1046-7) 

While he noted that there were areas of agreement between 

the positions of the AEC and the geneticists, Sturtevant 

Stated that 

there remain areas in which some geneticists are still 
disturbed by the AEC position. This, as has often been 
pointed out, arises in part from a difference in 
attitude concerning very small percentages. Various 
methods in calculating damage from fallout result in 
estimated numbers of affected individuals ranging from a 
few hundred to perhaps tens of thousands or even 
millions, depending in part on what assumptions one 
makes about the rate of future bomb testing. The 
highest of these numbers remains a very small proportion 
of the total population, and to some people this means 
that it is relatively unimportant. It is probably 
unimportant for the survival of the race, and it is 
relatively unimportant as an economic burden to society, 
though these could become serious matters if the rate of 
fallout should increase by a large amount. But hundreds 
or thousands or tens of thousands or more of individual 
human beings are involved, and to me it is not 

acceptable to say that they are unimportant, no matter 
how small a percentage of the total they make up. (p. 
1046) 

Muller devoted part of his testimony to criticizing 
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the NCRP and the make up of its subcommittees. He argued 

that while the NCRP has had "a geneticist here and there," 

it has 

official representation from about 15 different 
organizations, mostly of a medical or governmental 
nature. Yet they do not have an official representative 
from any of the professional genetic organizations, such 
as the Genetics Society of America, the American Society 
of Human Genetics, the American Genetic Association, or 
the Society for the Study of Evolution, all of which are 
in my opinion as closely concerned with this matter as 
for example the Radiological Society. Consequently, 
there is not sufficient representation among them of the 
genetic point of view of the mechanism which leads us to 
expect no threshold and to take the matter more 
seriously at small doses. (pp. 1061-2) 

Even Russell, the AEC geneticist who was also a 

member of the National Academy of Sciences genetics 

committee, complained to the Joint Committee that the 

geneticists on the NAS committee were criticized for 

reaching conclusions on "inadequate evidence," even when 

they were requested to do so (pp. 1142-3). As he stated, "I 

don’t think anyone would be reprimanded for drawing a 

conclusion when a conclusion was requested." (p. 1143) As 

for the source of the criticism: "I believe geneticists 

have been blamed for making too definitive statements based 

on the evidence, perhaps mostly by medical specialists." (p. 

1143) 

As the testimony reveals, on the important issues 

relating to the genetic effects of radiation and to policy 

regarding atomic testing, the geneticists at the 1957 
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Fallout Hearings were in close agreement. The consensus was 

that the number of affected individuals from fallout was a 

small percentage of the population, but in absolute numbers 

the number affected was by no means negligible.*® If the 

rate of testing were to increase, the genetic damage to 

humans would increase. In addition, most called for a 

limitation or ban on atomic testing; none unequivocally 

supported continued testing. The geneticists were critical 

of the AEC’s position on the genetic dangers of fallout, and 

were critical of non-geneticist spokesmen promulgating the 

viewpoint that the genetic hazards of fallout were 

negligible. 

Furthermore, the testimony shows the confusion that 

resulted from the distorted version of the balance theory 

that was prevalent among nongeneticists. The view that low 

levels of radiation might be genetically beneficial because 

they would produce favorable mutations in subsequent 

generations, became part of the standard argument of the 

AEC. In part, this reflected a lack of geneticists in 

important positions in the administrative structure of the 

  

Crow estimated the total genetic damage to the world population assuming atomic testing 
produced fallout which exposed each individual to an average dose of 0.1 roentgen. In the first 
generation, he estimated 8,000 gross physical or mental defects; 20,000 stillbirths and childhood 
deaths; and 40,00 embryonic and neonatal deaths. The total for future generation would be 
80,000 gross defects; 300,000 stillbirths and childhood deaths; and 700,000 embryonic and 
neonatal deaths. However, the "fraction by which existing abnormalities would be increased," he 
calculated as 0.0001 ICAE 1957, p. 1021). The percentage increase in damage is small, yet the 
absolute numbers are relatively large. 

102



AEC. Physicists and medical specialists dominated the 

scientific policy-making positions in the AEC, such as the 

GAC and ACBM. The science of human population genetics, "a 

relatively new science" according to the pathologist Shields 

Warren (p. 1414), was perceived by many non-geneticists to 

be speculative and inconclusive. Physicians and other 

medical specialists even attacked the very concept of 

attempting to quantify the biological effects of low levels 

of radiation. As Austin Brues, a physician with the Argonne 

National Laboratory, remarked: 

As one who sits on various committees to discuss 
and, we hope, solve these problems, I am... . impressed 
with the danger that more and more of the best talent 
and time for the imaginative approach to these questions 
may be drawn away from the work and thought that they 
ought to be producing, into more and more debate over 
the same scanty knowledge. (pp. 933-4) 

The AEC Position 

The official position of the AEC on atomic testing 

was summarized by the chemist Willard Libby,** an AEC 

Commissioner and one of the AEC’s chief spokesmen on atomic 

testing and fallout. Asked by the Joint Committee to give 

"the scientific reasons for the continued testing of 

weapons," Libby stressed that "the survival of the Nation 

  

"The text of Libby’s official statement was read into the record of the 1957 JCAE Fallout 

Hearings by Charles Dunham, Director of the Division of Biology and Medicine, AEC. It appears 
on pp. 1373-4. 
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and that of the free world" depended on the "United States’ 

defensive and deterrent capabilities. These capabilities 

are inextricably bound to our nuclear warheads and to the 

weapons systems which would carry these warheads." (p. 1373) 

However, Libby did not go into detail on the "scientific" 

reasons for atomic testing, for it would have required 

releasing classified information: 

As you know, one cannot enumerate in an 
unclassified statement and without divulging to the 
world the status of our nuclear armaments the known 
defense and deterrent weapon systems which we would 
forego by stopping tests. From the past test series, we 
have found, sometimes unexpectedly, means of increasing 
the efficient use of materials, reducing the size and 
complexity of warheads, increasing their deliverability 
and yield, and reducing the radioactive contamination 
from our larger yield devices. The committee is 
familiar with these past developments and with the fact 
that additional systems now scheduled could not be 
brought into being without further tests. Ina public 
statement, I can only emphasize that our weapons 
development would be crippled by a cessation of tests. 
(p. 1374) 

On the subject of the genetic effects of fallout, 

Libby had much to say publicly, yet before the Joint 

Committee he deferred to the geneticists, thus sidestepping 

the issue: 

REPRESENTATIVE VAN ZANDT: Dr. Libby, let me ask 

you this question: In your opinion, as a commissioner, 
do you think that the subject of genetics has been 
adequately covered? 

DR. LIBBY: I am not a geneticist, and I know so 
little about the subject of genetics, Mr. Van Zandt, 
that I hate to answer that question. It seems to me 
that I do not know the answer. (p. 1207) 

In numerous cases, however, Libby discussed the 
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genetic hazards of fallout when lecturing on fallout 

effects. His position was that since fallout produced 

levels of radiation that were small in comparison to 

background radiation levels, the genetic effects must be 

small, if not negligible.** As he stated in a lecture at 

the University of New Hampshire in April 1957: 

By the study of animals and plants we know that 
radiation does produce genetic changes--we even 
irradiate plant seeds in order to speed up the rate at 
which new forms appear so superior new plants can be 
produced by selection of the few desirable ones. .. 
However, most of the forms from the irradiated seeds 
have inferior properties and it is only a rare one that 
is a definite improvement on the original plant. 
Similar results are found with animals so we guess that 
human beings probably are subject to [the] same type of 
effects. Therefore, we believe that there must be some 
genetic effects of test fallout radiation but, again, 
from our normal experience in which no effects of high 
altitudes versus low, or brick versus wooden houses, 
etc., have been observed, we know that the effect must 

be very small. ... [Tlhere must be some very small 
effect, although it will be entirely undetectable from 
test fallout. (JCAE 1957, p. 1519) 

Later that month, at a meeting of the American 

Physical Society in Washington, D.C., Libby again discussed 

the genetic effects of test fallout. Again, he stated that 

  

An April 27, 1957 editorial in The Washington Post sharply criticized Libby and the AEC for 
their position on the health hazards of fallout. The editorial stated that "a wall of secrecy shuts out 
the public from full knowledge of the facts which the Atomic Energy Commission bases its 
determinations." As for Libby’s views on the genetic effects, the editorial noted that Libby’s 

assumptions, "apparently based on averages,” "must inevitably be qualified for individual cases." 
Chastising the AEC for "not even acknowledg[ing] the risk" from atomic testing, the editorial 

argued that the AEC "position would be much more convincing if it would meet this issue head 
on--and its position would be stronger still if it would seek to limit the risk, if not through a 
general moratorium on large tests, at least through some effort to control ‘dirty’ tests. Aunty- 
knows-best is scarcely a satisfactory answer when the consequences of error may be irremediable." 
("Is Fallout Good?" The Washington Post, 27 April 1957, p. A12) 
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there were effects from fallout, but that "these are 

extremely difficult to evaluate, since there is so little 

known about human genetics." (JCAE 1957, p. 1524) Then, 

citing Muller’s estimate that perhaps ten percent of the 

human spontaneous mutation rate is caused by irradiation, 

Libby stated that the genetic effects produced by fallout 

are 

comparable to moving to a slightly different locality 
and [are] much less serious that changing from one house 
to another or doing any of a dozen things. The only 
important point is that the genetic effects show only if 
large numbers of people are subjected to them. (p. 1524) 

The implication here is that the change in 

background radiation one would receive form moving to a 

higher altitude or from moving into a house subject to 

higher terrestrial radioactivity, is much less than the 

slight increase one would receive from test fallout. 

Moreover, Since humans have been continuously subject to 

background radiation, then the effects of fallout must be 

small and not different from those due to natural 

radioactivity. As Libby stated at an address at the 

University of Chicago in 1955, "if the genetic damages from 

the tests are real we have always had them in much larger 

measure from nature." (Libby 1955, p. 131) 

One of the viewpoints which the AEC fostered and 

used to defend atomic testing, was that such a small 

increase in mutation rate as would be caused by fallout 
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might actually be beneficial. In the published version of 

the 1955 address by Libby just cited (Libby 1955), the 

editor printed the following comment along with the text of 

Libby’s address: 

EDITOR’S QUERY--It seems inherent in the above 

discussion that all additional mutations from increased 
radioactive levels will be damaging, yet it also seems 
to be an accepted theory that mutations are necessary 
for progress, in the sense that they cause some fitter- 
than-average personalities to appear--in 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? (p. 131) 

Similar arguments were offered by an AEC spokesman 

at the 1957 Fallout Hearings. In a paper submitted for the 

record,*? Hardin Jones, a physiologist with the University 

of California Radiation Laboratory, argued that the "Darwin 

principle of evolution" made 

it possible that some increase in the mutation rate 
might be to human advantage in the long run by providing 
a greater pool of variance from which selection could 
take place, to our final advantage some thousands of 
years from now. (p. 1120) 

According to Jones: 

At low radiation levels, such as 10 percent or 1 percent 

above the natural radiation background (the range of 
fallout effect), it seems unlikely that long-range 
genetic disturbances can become an appreciable problem, 
Since the natural radiation background appears to 
account for only 10 percent of the change in genetic 
structure per generation. One may speculate further 

  

3Hardin B. Jones, "A Summary and Evaluation of the Problem with Reference to Humans of 
Radioactive Fallout from Nuclear Detonations,” January 14, 1957. In JCAE 1957, pp. 1116-1136. 
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that, in the long run, man may be beneficially affected 
by good genes yet to be found, so that increasing 
radiation exposure and the mutation rate may operate to 
human advantage. (p. 1121) 

Additional examples of statements arguing that low 

levels of radiation might be genetically beneficial are 

available from the public statements of AEC officials. At 

a symposium in 1957 on low-level irradiation organized by 

the AAAS and co-sponsored by the AEC and the Argonne 

National Laboratory, the AEC geneticist Earl Green (who had 

invited Muller to give the paper at the 1955 Atoms for Peace 

Conference) presented a paper on the genetic effects of 

low-level radiation (Green 1959). Green’s paper focused on 

the uncertainties involved in quantifying the genetic damage 

resulting from low-level radiation, and it left many 

questions unanswered. Among those questions he believed 

could be "answered only by means of experimental or 

observational data," were whether "radiation-induced mutant 

genes, if detrimental," would "persist in the population," 

and the following version of the classical/balance quandary: 

Many, if not all, species of animals, including man, 
living in nature are genetically heterogeneous. Nature 
appears to favor, in some cases, a persisting 
polymorphism. What will be the effect of adding new 
mutant genes to the gene pool of the population? Will 
they come to expression in unfavorable or deleterious 
ways? Or will they be sorted over, so to speak, and in 
combination with genes already existing in the gene pool 
give rise to new adaptive combinations? (pp. 60, 61) 

Another example comes from Merril Eisenbud’s 
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chapter in America Faces the Nuclear Age (Fairchild and 

Landman 1961, ch. 6). Eisenbud, manager of the AEC’s New 

York Operations Office, characterized "public fear of 

radiation hazard[s]" as "probably the greatest single 

impediment to the development of atomic energy." (pp. 94-5) 

In his attempt to "induce people to be less panicky about 

the hazard," Eisenbud took up the "genetics problem." (pp. 

91, 102) Referring to Muller’s early experiments 

demonstrating radiation-induced chromosomal changes, 

Eisenbud stated that such mutations, for example changes in 

the "size of the ears," may produce a hereditary change. 

But, according to Eisenbud, "—[w]hether the change is a 

beneficial one or not depends on the size of ears in this 

family in the first place, on a person’s point of view and 

on the nature of the change." (p. 103) He stated that 

there is a basis for believing that at least part of the 
evolutionary changes that have taken place throughout 
history have been due in part to the ionizing radiations 
from nature. Believing this, a person might say, "Look 
at us! Aren’t we a good thing, and aren’t we this way 
because of radioactivity? Otherwise we might still be a 
slime in a pond somewhere! Why is radioactivity bad?" 
(p. 104) 

Eisenbud eventually launched an attack aimed 

directly at Muller’s classical view: 

Many geneticists argue that there are a limited number 
of permutations and combinations that can take place in 
chromosomes. Evolutionary doctrine says that when a 
good change takes place, it survives because of the 
principle of survival of the fittest. If a deleterious 
change takes place, it ultimately dies out. Thus, most 
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of the beneficial combinations may have already been 
tried out, and some scientists--egoists that they 
are--say that we have become about as perfect as we can 
be and that from here on, any more mutations would 
produce only defects. In the minds of many mothers 

there is fear today about medical X ray and exposure 
to radioactivity in any form. Many of these mothers 
would be comforted to know that the possible genetic 
injury that is being talked about is not an injury to 
children or grandchildren, but an injury to the 
offspring’s offspring’s offspring many generations 
hence. What will this injury be? Again, nobody knows. 
(p. 104) 

Conclusion 

The uncertainty involved in predicting the 

biological effects of low-level radiation made the 

assessment of the genetic hazards of fallout in the 1950s 

Gifficult. After the 1954 Bravo test in the Pacific 
  

engendered worldwide fear of radioactive fallout from atomic 

testing, the AEC found itself on the defensive regarding the 

justification of its weapons testing program. Public fear 

of fallout in part stemmed from the alarming predictions of 

genetic damage by geneticists such as Muller and Sturtevant. 

The AEC, with its steadfast commitment to testing in order 

to produce better and smaller thermonuclear weapons, began a 

political campaign to minimize the health hazards of 

fallout. Part of this campaign entailed claiming that the 

genetic effects of fallout were negligible or acceptable. 

As part of its effort to soothe public fears of the 

genetic effects of atomic testing, AEC spokesmen, such as 

110



Eisenbud and Libby, utilized a distorted version of the 

balance theory of population genetics to support the view 

that low levels of radiation might be genetically 

beneficial. These arguments went against the views of two 

of the main architects of the balance theory, Dobzhansky and 

Wallace. Neither of these geneticists argued that human 

populations might benefit from low levels of radiation. 

Hence, the AEC’s use of the intrascientific debate among 

geneticists on the nature of genetic variation and natural 

selection--the classical/balance controversy--as a method 

for deflecting public opposition to atomic testing, was 

misleading. 

The distortion of views that flowed into the public 

arena aS a result of AEC efforts to defend atomic testing 

was the consequence of a number of factors. Foremost, it 

reflected the desire of the military, the AEC Commissioners, 

and the GAC scientists to continue weapons testing at all 

costs.** Even when Eisenhower in June of 1957 strengthened 

his resolve for a verifiable test-ban, AEC Chairman Strauss, 

along with the physicists Ernest Lawrence, Edward Teller, 

and Mark Mills, lobbied the President against such a policy, 

  

Only AEC Commissioner Thomas Murray advocated limiting atomic testing in the mid-1950s. 
The AEC and the GAC generally supported continued testing. In February of 1954, Murray 

proposed the possibility of a comprehensive test moratorium. In February of 1956, Murray again 
called for a limited test ban, arguing that the stockpiling of large thermonuclear weapons was 
immoral. However, Murray was in favor of the continued development of tactical nuclear 
weapons (Hewlett and Holl 1989, pp. 274, 336-8). 
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arguing that "clean" H-bombs could be produced (Hewlett and 

Holl 1989, pp. 397-402). 

Second, the situation reflected the failure to 

include geneticists in important policy-making positions 

within the AEC structure. No biologist had served as an AEC 

Commissioner, and the GAC was reserved for physical 

scientists and businessmen. A geneticist normally served on 

the ACBM, but this committee was dominated by medical 

specialists. When the AEC found it necessary to publicly 

defend its position that the genetic hazards of fallout were 

minimal, the ‘experts’ it utilized were either physical 

scientists or medical specialists. These scientists 

utilized an inaccurate and distorted version of the balance 

theory of population genetics as rhetoric to support 

continued atomic testing. 

Third, the confusion over the balance theory 

reflected the controversy that arose as a result of the 

polarization among geneticists over the nature of genetic 

variation and natural selection. As discussed in Chapter I, 

the debate between Muller and Dobzhansky and their 

respective followers was often heated. The resulting 

polarization of views in the genetics community, especially 

given the charged political context, caused proponents of 

each side of the classical/balance debate to unfairly and 

inaccurately characterize their opponents’ viewpoints. On 
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the one hand, Dobzhansky criticized Muller for advocating 

the view that there was a ‘/normal’ allele at each genetic 

locus, and that perhaps a ‘superman’ could be produced 

through a program of eugenics (Wallace and Dobzhansky 1959, 

p. 157; Crow 1987, pp. 365-6). On the other hand, Muller 

distrusted Wallace’s experiments which showed that 

subsequent generations of irradiated Drosophila had a higher 

percentage of individuals with increased fitness. As 

Dobzhansky remarked to Ernst Mayr in 1960: "I am told that 

what really maddens him [Muller] is my support of Wallace’s 

work, which he thinks in not merely wrong but wicked." 

(Quoted in Beatty 1987, p. 309) Such enmity within the 

confines of the genetics community, a reflection of the 

social dimensicns of scientific controversy, surely accounts 

in part for the distorted views of nongeneticists, some of 

whom served on the same policy-making committees as Muller, 

Dobzhansky, and other geneticists. 

The history of the efforts in the 1950s to 

establish radiation protection guidelines shows that the 

genetic effects of radiation were often ignored or dismissed 

aS speculative or insignificant conjectures. Moreover, when 

the establishment of radiation guidelines became politicized 

by the AEC’s monolithic commitment to atmospheric atomic 

testing, the procedures through which policy regarding 

testing and radiation standards were instituted can only be 
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described as unsystematic and shortsighted. A plethora of 

governmental and international organizations existed, such 

as the NCRP, BEAR, ICRP, and UNSCEAR, none of which had 

legal jurisdiction over the AEC. Furthermore, AEC delegates 

populated and at times dominated these committees, creating 

a clear conflict of interest. 

The result of this policy Situation was that the 

AEC could "write its own ticket" for policy on atomic 

testing. When public opposition threatened to jeopardize 

its testing program, AEC officials exploited the uncertainty 

and confusion of the classical/balance controversy, the lack 

of geneticists in policy-making positions, and the lack of 

legally binding radiation standards, in order to argue that 

the genetic effects of fallout were negligible or even 

beneficial. AEC officials were willing to discount the 

possible long-term liabilities of testing, such as genetic 

damage, in favor of what it saw as the overriding, immediate 

need for better and smaller thermonuclear weapons.** The 

tactics it used to justify this policy were clearly 

scientifically suspect, and its use of the data from 

  

Sin his analysis of the policy decisions involved in the implementation of nuclear power in the 
1950s, Giere (1991) concludes that "sequential decision making" would have been the best policy 
strategy. In following this strategy, policymakers "would have delayed final commitments while 

further information was being gathered." (p. 201) The analogous conclusion for the atomic testing 
controversy is that atmospheric testing should have been halted until more data on the biological 
effects of low level radiation could be collected. Whether there would have been agreement on at 
what point enough data had been gathered, however, is problematic. 
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population genetics was unjustified. Moreover, its policy 

on fallout constituted shortsightedness and 

misrepresentation. As E. B. Lewis remarked at the 1957 JCAE 

Fallout Hearings: 

It would be better to state to the public that 
there is a distinct possibility that the so-called 
permissible dose will hurt a definite number of people. 

. [T]he number who are expected to be damaged 
should be stated, instead of implying that there is no 
danger from fallout or that the permissible dose will 
cause no damage. (JCAE 1957, pp. 1007-8) 

In this account of AEC policy on fallout and atomic 

testing, a fundamental question remains unanswered. 

Concerning the classical/balance controversy, an adequate 

account of Dobzhansky’s acceptance in the mid-1950s of the 

hardened balance theory is lacking. Was it primarily the 

experimental results of his students and others that 

solidified his commitment, or did nonevidential factors play 

the crucial role? In-depth research on this topic is 

needed. 

115



BIBLIOGRAPHY 

AEC (1953) Thirteenth Semiannual Report. Washington, D.C.: 
U.S. Government Printing Office, January 1953. 

AEC (1954) Sixteenth Semiannual Report. Washington, D.C.: 
U.S. Government Printing Office, July 1954. 

AEC (1955) The Effects of High-Yield Nuclear Explosions. 
Statement by Lewis L. Strauss, Chairman and A Report by 
the United States Atomic Energy Commission, February 
[15] 1955. 

Ball, Howard (1986) Justice Downwind: America’s Atomic 
Testing Program in the 1950’s. New York: Oxford 
University Press. 

Beadle, George W. (1955) "H. J. Muller and the Geneva 
Conference," Science 122: 813. 

BEAR I (1956) The Biological Effects of Atomic Radiation, 
Summary Reports. Washington: National Academy of 
Sciences; National Research Council. 

Beatty, John (1987) "Weighing the Risks: Stalemate in the 
Classical/Balance Controversy," Journal of the History 

of Biology 20: 289-319. 

Beatty, John (1991) "Genetics in the Atomic Age: The Atomic 
Bomb Casualty Commission, 1947-1956" in Benson, Keith, 
et al. eds., The Expansion of American Biology. New 
Brunswick: Rutgers University Press, pp. 284-324. 

Boyer, Paul (1985) By the Bomb’s Early Light: American 
Thought and Culture at the Dawn of the Atomic Age. New 

York: Pantheon Books. 

116



Bundy, McGeorge (1988) Danger and Survival: Choices About 
the Bomb in the First Fifty Years. New York: Random 
House. 

Burian, Richard (In press) "Dobzhansky on Evolutionary 
Dynamics: Some Questions about Dobzhansky’s Russian 
Background," in Adams, Mark, ed., The Evolution of 
Theodosius Dobzhansky. Princeton: Princeton 
University Press. 

Carlson, Elof Axel (1981) Genes, Radiation, and Society: 
The Life and Work of H. J. Muller. Ithaca and London: 

Cornell University Press. 

  

Carson, Hampton L. (1959) "Genetic Conditions which 

Promote or Retard the Formation of Species," Cold 
Spring Harbor Symposium on Quantitative Biology 24: 
87-1 

Caspari, E. and Stern, Curt [1947] "The Influence of Chronic 
Irradiation with Gamma Rays at Low Dosages on the 
Mutation Rate in Drosophila melanogaster," AEC Report 
MDDC-1200. Published in Genetics (1948) 33: 75-79. 

Caufield, Catherine (1989) Multiple Exposures: Chronicles 
of the Radiation Age. Chicago: The University of 
Chicago Press. 

Clark, Herbert M. (1954) "The Occurrence of an Unusually 
High Level Radioactive Rainout in the Area of Troy, 
N.Y." Science 119: 619-622. 

Clymer, Adam (1979) "A-Test ‘Confusion’ Laid to Eisenhower: 
Records Indicate That He Advised Vagueness on 
Explosions," The New York Times, 20 April, pp. Al, A20. 

Cobb, Charles E., Jr. (1989) "Living with Radiation," 
National Geographic, 175: 403-437. 

Commoner, Barry (1971) The Closing Circle: Nature, Man, and 

Technology. New York: Bantam Books. 

Cook, Robert C. (1955) "Straws in a Lysenko Wind," The 
Journal of Heredity 46: 194-198. 

Crow, James (1948) "Alternative Hypotheses of Hybrid Vigor," 
Genetics 33: 477-487. 

Crow, James (1964) "More on the Heterozygous Effects of 

117



Lethals in Drosophila Populations," American Naturalist 
98: 447-449. 

Crow, James (1987) "Muller, Dobzhansky, and Overdominance, " 
Journal of the History of Biology 20: 351-380. 

Divine, Robert A. (1978) Blowing on the Wind: The Nuclear 
Test Ban Debate, 1954-1960. New York: Oxford 
University Press. 

Dobzhansky, Theodosius (1955) "Review of Some Fundamental 

Concepts and Problems of Population Genetics," Cold 
Spring Harbor Symposium on Quantitative Biology 20: 
1-15. 

Dobzhansky, Theodosius (1962) Mankind Evolving: The 
Evolution of the Human Species. New Haven and London: 

Yale University Press. 

Dobzhansky, Theodosius (1982) Genetics and the Origin of 
Species. New York: Columbia University Press. 
Reprint of First Edition, 1937. 

Dobzhansky, Theodosius and Spassky, B. (1947) "Evolutionary 
Changes in Laboratory Cultures of Drosophila 
pseudoobscura," Evolution 1: 191-216. 

Dyson, Freeman (1979) Disturbing the Universe. New York: 
Harper and Row. 

EFisenbud, Merril (1972) Environmental Radioactivity. New 

York: Academic Press. 

Eisenbud, Merril (1984) "Sources of Ionizing Radiation 
Exposure," Environment 26:10, 6-11, 30-33. 

Eisenbud, Merril (1990) An Environmental Odyssey: People, 
Pollution, and Politics in the Life of a Practical 
Scientist. Seattle, Washington: University of 
Washington Press. 

Eisenbud, Merril and Harley, John H. (1953) "Radioactive 
Dust from Nuclear Detonations," Science 117: 141-147. 

Fairchild, Johnson E. and Landman, David, eds. (1961) 
America Faces the Nuclear Age. New York: Sheridan 

House. 

Forman, Paul (1987) “Behind Quantum Electronics: National 

118



Security as a Basis for Physical Research in the United 
States, 1940-1960," Historical Studies in the Physical 
and Biological Sciences 18:1, 149-229. 

Giere, Ronald N. (1991) "Knowledge, Values, and 
Technological Decisions: A Decision Theoretic 
Approach," in Mayo, Deborah G. and Hollander, Rochelle 
D., eds., Acceptable Evidence: Sciences and Values in 
Risk Management. New York: Oxford University Press, 
pp. 183-203. 

Goldblat, Jozef and Cox, David, eds. (1988) Nuclear Weapons 
Tests: Prohibition or Limitation? New York: Oxford 
University Press. 

Green, Earl (1959) "Genetic Effects," in Brues, Austin M., 
ed. Low-Level Irradiation. Washington, D.C.: American 
Association for the Advancement of Science, Publication 
No. 59, pp. 57-71. 

Glasstone, Samuel, ed. (1950) The Effects of Atomic Weapons. 
Washington, D.C.: The Combat Forces Press. 

Hacker, Barton (1987) The Dragon’s Tail: Radiation Safety 
in the Manhattan Project. Berkeley: University of 
California Press. 

Haldane, J.B.S. (1937) "The Effect of Variation on Fitness," 
American Naturalist 71: 337-349. 

Handbook 18 (1934) "Radium Protection for Amounts up to 300 
Milligrams," Washington, D.C.: National Bureau of 
Standards, U.S. Government Printing Office, March 17, 
1934. 

Handbook H27 (1941) "Safe Handling of Radioactive Luminous 
Compounds," Washington, D.C.: National Bureau of 
Standards, U.S. Government Printing Office, May 2, 
1941. 

Handbook 52 (1953) "Maximum Permissible Amounts of 
Radioisotopes in the Human Body and Maximum 
Concentrations in Air and Water," Washington, D.C.: 
National Bureau of Standards, U.S. Government Printing 
Office, March 20, 1953. 

Handbook 59 (1954) "Permissible Dose from External Sources 
of Ionizing Radiation," Washington, D.C.: National 
Bureau of Standards, U.S. Government Printing Office, 

119



September 24, 1954. 

Henshaw, P.S., et al. [1946] "The Biologic Effects of Pile 
Radiations," AEC Report MDDC-259, (undated), 
declassified August 19, 1946. 

Hewlett, Richard (1981) "’Born Classified’ in the AEC: A 
Historian’s View," Bulletin of the Atomic Scientists 
37:10, 20-27. 

Hewlett, Richard G. and Holl, Jack M. (1989) Atoms for Peace 
and War, 1953-1961: EHisenhower and the Atomic Energy 
Commission. Berkeley: University of California Press. 

  

JCAE (1957) The Nature of Radioactive Fall-out and Its 
Effects on Man. Hearings Before the Special 
Subcommittee on Radiation of the Joint Committee on 
Atomic Energy, Eighty-fifth Congress, First Session, 
May 27, 28, 29, June 4, 5, 6, and 7, 1957. Washington, 
D.C.: U.S. Government Printing Office, 1957. 

JCAE (1960a) Selected Material on Radiation Protection 
Criteria and Standards: Their Basis and Use. Joint 
Committee on Atomic Energy, Eighty-sixth Congress, 
Second Session. Washington D.C.: U.S. Government 
Printing Office, May 1960. 

JCAE (1960b) Radiation Protection Criteria and Standards: 
Their Basis and Use. Hearings Before the Special 
Subcommittee on Radiation of the Joint Committee on 
Atomic Energy, Eighty-sixth Congress, Second Session, 
May 24, 25, 26, 31, June 1, 2, and 3, 1960. 

Washington, D.C.: U.S. Government Printing Office, 
1960. 

Jepsen, Glenn L., Simpson, G.G. and Mayr, Ernst, eds. 
(1963) Genetics, Paleontology and Evolution. New York: 
Atheneum. Reprint of original 1949 edition, Princeton 

University Press. 

Jones, Greta (1986) "The Mushroom-Shaped Cloud: British 
Scientists’ Opposition to Nuclear Weapons Policy, 
1945-57," Annals of Science 43: 1-26. 

Kevles, Daniel J. (1990) "Cold War and Hot Physics: 
Science, Security, and the American State, 1945-56," 
Historical Studies in the Physical and Biological 
Sciences 20: 239-264. 

120



Kopp, Carolyn (1979) "The Origins of the American Scientific 
Debate over Fallout Hazards," Social Studies of Science 
9: 403-422. 

Kragh, Helge (1987) An Introduction to the Historiography of 
Science. Cambridge: Cambridge University Press. 

Langham, Wright [1947] "Medical and Biological Research 
Activities of the Los Alamos Laboratory," AEC Report 
MDDC-1439, (undated), declassified October 29, 1947. 

Lapp, Ralph E. (1950) "The Strategy of Civil Defense," 
Bulletin of the Atomic Scientists 6: 241-243. 

Lapp, Ralph E. (1954a) "Atomic Candor," Bulletin of the 
Atomic Scientists 10: 312-314, 336. 

Lapp, Ralph E. (1954b) "Civil Defense Faces New Peril," 
Bulletin of the Atomic Scientists 10: 349-351. 

Lapp, Ralph E. (1955a) "Radioactive Fall-out," Bulletin of 
the Atomic Scientists 11: 45-51. 

Lapp, Ralph E. (1955b) "Fall-out and Candor," Bulletin of 
the Atomic Scientists 11: 170, 200. 

Lapp, Ralph E. (1955c) "Radioactive Fall-out III," Bulletin 
of the Atomic Scientists 11: 206-209, 230. 

Lapp, Ralph E. (1955d) "Global Fall-out," Bulletin of the 
Atomic Scientists 11: 339-343. 

Lapp, Ralph E. (1958) The Voyage of the Lucky Dragon. New 
York: Harper and Row. 

Lapp, Ralph E. (1979) The Radiation Controversy. Greenwich, 
Conn.: Reddy Communications, Inc. 

Lerager, Jim (1988) In the Shadow of the Cloud: Photographs 

and Histories of America’s Atomic Veterans. Golden, 
Col.: Fulcrum. 

Lerner, I. Michael (1954) Genetic Homeostasis. Edinburgh: 
Oliver and Boyd. 

Levins, Richard and Lewontin, Richard (1985) The Dialectical 
Biologist. Cambridge: Harvard University Press. 

Lewontin, Richard C. (1957) "The Adaptation of Populations 

121



to Varying Environments," Cold Spring Harbor Symposium 
on Quantitative Biology 22: 395-408. 

Lewontin, Richard C. (1974) The Genetic Basis of 
Evolutionary Change. New York and London: Columbia 

University Press. 

Lewontin, Richard C. (1981) "The Scientific Work of Th. 
Dobzhansky," in Lewontin, R. C., et al., eds., 
Dobzhansky’s Genetics of Natural Populations, I-XLIII. 
New York: Columbia University Press, pp. 93-115. 

Lewontin, Richard C. (1987) "Polymorphism and Heterosis: 
Old Wine in New Bottles and Vice Versa," Journal of the 
History of Biology 20: 337-349. 

Libby, Willard (1955) "Genetic Effects of Atom Bombs," Metal 
Progress 68 (October 1955): 130-131. 

Martland, Harrison, et al. (1925) "Some Unrecognized Dangers 
in the Use and Handling of Radioactive Substances," The 
Journal of the American Medical Association 85: 
1769-1776. 

Mazuzan, George T. and Walker, J. Samuel (1985) Controlling 
the Atom: The Beginnings of Nuclear Requlation, 
1946-1962. Berkeley: University of California Press. 

Muller, Hermann J. (1927) "Artificial Transmutation of the 
Gene," Science 66: 84-87. 

Muller, Hermann J. (1950) "Our Load of Mutations," American 
Journal of Human Genetics 2: 111-176. 

Muller, Hermann J. (1955a) "Genetic Damage Produced by 
Radiation," Science 121: 837-840. 

Muller, Hermann J. (1955b) "The Genetic Damage Produced by 
Radiation," Bulletin of the Atomic Scientists 11: 
210-212, 230. 

Muller, Hermann J. (1955c) "How Radiation Changes the 
Genetic Constitution," Bulletin of the Atomic 
Scientists 11: 329-338, 352. 

Mumford, Lewis (1954) "Anticipations and Social Consequences 
of Atomic Energy," Proceedings of the American 
Philosophical Society 98:2, 149-152. 

122



Najarian, Thomas (1978) "The Controversy over the Health 
Effects of Radiation," Technology Review 81: 74-82. 

Norris, Robert S. and Ferm, Ragnhild, eds. (1988) "Nuclear 
Explosions, 16 July 1945-1 July 1987" in Goldblat and 
Cox, eds., Nuclear Weapons Tests: Prohibition or 
Limitation? New York: Oxford University Press, pp. 
399-411. 

Paul, Diane (1987) "’Our Load of Mutations’ Revisited," 
Journal of the History of Biology 20: 321-335. 

Pauling, Linus (1957) "An Appeal by American Scientists to 
the Governments and People of the World," Bulletin of 
the Atomic Scientists 13: 264-266. 

Romer, R. H. (1972) “Resource Letter ERPEE-I. Energy: 
Resources, Production and Environmental Effects," 
American Journal of Physics 40: 805-829. 

Rosenberg, Howard L. (1980) Atomic Soldiers: American 
Victims of Nuclear Experiments. Boston: Beacon Press. 

Rossiter, Margaret A. (1985) "Science and Public Policy 
Since World War II," Osiris 1: 273-294. 

Scheinfeld, Amram (1947) "Monster Children of the Atom 

Bomb," Science Digest 21:5, 10-14. 

Seaborg, Glenn (1981) Kennedy, Khrushchev, and the Test Ban. 
Berkeley: University of California Press. 

  

Seidel, Robert W. (1986) "A Home for Big Science: The 
Atomic Energy Commission’s Laboratory System," 
Historical Studies in the Physical and Biological 
Sciences 16:1, 135-175. 

Spencer, W. P. and Stern, Curt [1947] "Experiments to Test 
the Validity of the Linear r-dose/mutation-frequency 
Relation in Drosophila at Low Dosage," AEC Report 
MDDC-765. Published in Genetics (1948) 33: 43-47. 

Sternglass, Ernest (1981) Secret Fallout: Low-Level 
Radiation from Hiroshima to Three Mile Island. New 
York: McGraw-Hill. 

Sturtevant, Alfred H. (1954) "Social Implications of the 
Genetics of Man," Science 120: 405-407. 

123



Szasz, Ferenc Morton (1984) The Day the Sun Rose Twice: The 
Story of the Trinity Site Nuclear Explosion, July 16, 
1945. Albuquerque: University of New Mexico Press. 

Taylor, Lauriston S. (1971) Radiation Protection Standards. 
Cleveland: CRC Press. 

  

Taylor, Lauriston S. (1979) Organization for Radiation 
Protection. Washington, D.C.: U.S. Department of 
Energy. 

Taylor, Lauriston S. (1980) "Some Nonscientific Influences 
on Radiation Protection Standards and Practice," Health 
Physics 39: 851-874. 

Titus, A. Costandina (1986) Bombs in the Backyard: Atomic 
Testing and American Politics. Reno and Las Vegas: 
University of Nevada Press. 

Uhl, Michael and Ensign, Tod (1980) GI Guinea Pigs: How the 
Pentagon Exposed our Troops to Dangers More Deadly than 

War: Agent Orange and Radiation. Playboy Press. 

UNSCEAR (1958) Report of the United Nations Scientific 
Committee on the Effects of Atomic Radiation. New York: 
United Nations. 

Uphoff, Delta and Stern, Curt [1947] "Influence of 24-hour 
Gamma-ray Irradiation on the Mutation Rate in 
Drosophila," AEC Report MDDC-1492, (undated), 
declassified December 3, 1947. 

Vetukhiv, Mikhail (1953) "Viability of Hybrids Between Local 
Populations of Drosophila pseudoobscura," Proceedings 

States 39: 30-34. 

Walker, J. Samuel (1989) "The Controversy over Radiation 
Safety: A Historical Overview," Journal of the 
American Medical Association 262: 664-668. 

Wallace, Bruce (1956) "Studies on Irradiated Populations of 
Drosophila melanogaster," Journal of Genetics 54: 

280-293. 

Wallace, Bruce (1957) "A Discussion of Some of the Problems 
Accompanying an Increase of Mutation Rates in Mendelian 
Populations," A Report by the World Health Organization 
on Genetic Effects of Radiation, WHO, Division of 

124



Public Information, Press Release WHO/11, March 13, 

1957. In JCAE (1957), pp. 1757-1761. 

Wallace, Bruce (1958) "The Average Effect of Radiation- 
Induced Mutations on Viability in Drosophila 
melanogaster," Evolution 12: 532-552. 

Wallace, Bruce (1970) Genetic Load: Its Biological and 
Conceptual Aspects. Englewood Cliffs, N.J.: Prentice- 

Hall, Inc. 

Wallace, Bruce (1991) Fifty Years of Genetic Load: An 
Odyssey. Ithaca: Cornell University Press. 

Wallace, Bruce and Dobzhansky, Th. (1959) Radiation, Genes. 
and Man. New York: Holt. 

Wallace, Bruce and King, James (1951) "Genetic Changes in 
Populations under Irradiation," American Naturalist 85: 
209-222. 

Warren, Shields (1953) "The Contribution of Atomic Energy to 
Health," American Scientist 41: 422-426. 

Warren, Shields (1972) Oral History Transcript. OH 58, Film 
76-9, no. 3. Bethesda, MD: National Library of 
Medicine, National Institutes of Health. 

Wasserman, Harvey and Solomon, Norman (1982) Killing Our 

Own: The Disaster of America’s Experience with Atomic 
Radiation. New York: Delacorte Press. 

Weart, Spencer (1988) Nuclear Fear: A History of Images. 

Cambridge: Harvard University Press. 

Williams, Robert C. and Cantelon, Philip L., eds. (1984) The 
American Atom: A Documentary History of Nuclear 

1939-1984. Philadelphia: University of Pennsylvania 
Press. 

Wolff, Harold (1948) "A World Worth Waiting For," Coronet 
25:1, 31-38. 

125



APPENDIX: LIST OF ABBREVIATIONS 

AAAS - 

ABCC 

ACBM 

AEC 

BAS 

BEAR 

DBM 

DOD 

GAC 

HASL 

ICRP 

JCAE 

LD-50 

MDDC 

NAS 

NBS 

NCRP 

NRC 

American Association for the Advancement of Science 

Atomic Bomb Casualty Commission 

Advisory Committee on Biology and Medicine (AEC) 

Atomic Energy Commission (USA) 

Bulletin of the Atomic Scientists 

Biological Effects of Atomic Radiation (NAS) 

Division of Biology and Medicine 

Department of Defense 

General Advisory Committee (AEC) 

Health and Safety Laboratory (NYO) 

(AEC) 

International Commission on Radiological Protection 

Joint Committee on Atomic Energy 

Lethal Dose, 50% fatalities 

Manhattan District Declassified 

National Academy of Sciences (USA) 

National Bureau of Standards (Dept. of Commerce) 

National Committee on Radiation Protection 

National Research Council (NAS) 
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NRC - Nuclear Regulatory Commission (Dept. of Energy) 

NYO - New York Operations Office (AEC) 

ONR - Office of Naval Research 

UNSCEAR - United Nations Scientific Committee on the Effects 

of Atomic Radiation 

WHO - World Health Organization 
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