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Prefacé

This volume benefits from the institutional and financial support of the
United States Department of Energy, successot to the Alomic Bnergy
Commission and the Energy Research and Development Administra-
ton. In 1977 officials from DOE's Nevada Operations Qffice conceived
the need for a complete and reliable historical account of radiological
safety in nuclear weapons testing. Reynolds Electrical & Lngineering
Co., Inc. (RBECo), the support firm that has operated the Nevada Test
Site for the Atomic Energy Commission and ils successors for more
than three decades, hired me in 1978 to write that history. It has grown
into a far larger project than any of us anticipated, this volume having
become but the first of two. The second, which is well under way,
traces the history of radiation safety in testing nuclear weapons from
the formation of the AEC after World War II until the present,

I have received much guidance from participants in the events 1 de-
scribe, not only in Nevada but everywhere in the country. Many in-
dividuals have allowed me to interview them, have yead and com-
mented on all or part of the manuscript, and have encouraged or
otherwise aided me in this work. The names of those 1 have inter
viewed, many of whom also commented on drafl chapters, appear in
the list of interviews at the back of the book, but I here wish to extend
my heartfelt thanks for their help.

For reading the manuscript and otherwise contributing to the ¢n-
deavor, the following members of REECo’s Environmental Sciences De-
partment deserve acknowledgment: Arden E, Bicker, Department Man-
ager; 8. Lee Brown, former Dosimetty Research Project Manager;
liernard B, Eubank, Technical information Officer; Linda K. Jensen, Do-
nimetry Research Project Staff Assistant; Linda M. Rakow, Dogtmetry
Research Project Manager; Roger C. Thompson, former Laboralory
Analysiz- Superintendent; and i, 1. Wells, Seniar Tealth Physicist.
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Special thanks must go to William |, Brady, Department Technical Ad-
visor, who shared with me his knowledge of nuclear weapons testing
and critically reviewed every one of my drafts; he saved me from more
Tojstakes than I care to contemplate,

Mr. Brady also chaired the review panel, all of whose members |
wish to thank for their painstaking and detailed examination of the
final draft of The Dragon’s Tail for accuracy, integrity, and readability.
Other members of the review panel were Robley D. Evans, Professor
Emeritus of Physics, Massachusetts Institute of Technology; Louis H.
Hempeleann, Jr., M.I2., Professor of Radiology, University of Roches-
ter, and former Health Group Leader, Los Alamos National Laboratory;
Richard G. Hewlett, History Associates Incorporated, and former AEC
and DOE Chief Historian; John S. Malik, Scientific Advisor for under-
ground testing, Los Alamos National Laboratory, and Test Panet mem-
ber, Nevada Test Site; and William H. McNeill, Robert A. Millikin Dis-
tinguished Service Professor of History, University of Chicago.

Many other current and former members of DOE, the Defenge Nu-
dear Agency, and their contractors have also assisted me in various
ways. 50, too, have the many scholars and interested laypersons from
whose comments and other help I have fusther profited. All are in-
cluded in the list of reviewers, I wish to thank them, as wefl as those
named in the list of interviews.

Last and most important, I thank Sally L. Hacker, although thanks
seems too inadequate a word. Professional responsibilities, hers and
mine alike, have separated us physically, but distance has never di-
minished her support—emotional, gpiritual, and intellectual—for a
project that more than once might otherwise have seemed discourag-
ingly endless and thankless.

Whatever virlues this book may attaln owes much to those who have
given so freely of their time and knowledge. Its flaws reflect, in part,
my difficulty in taking full advantage of all the advice I have recejved.
In the final analysis, 1 bear full responsibility for what I have written,
but no one knows better than T that it could not have been done un-

-+ aided.

Las Vegas, 1984 B.C. H.

Introduction

RADIATION SAFETY IN WORLD
WAR 11

The central Pacific morning of 25 July 1946 dawned bright and clear-
ing over Bikini atoll. Scientists finished checking gear aboard barge
LSM-60 and left the lagaon just after six o’clock. Ninety fect below the
barge hung a watertight caisson holding an atomic bomb; it was the
fifth such device ever used, all in fittle more than a year, but the fasi
for many months to come. Above the barge towered a radio antenna
to receive the coded firing signal at How hour, 8:35 A.M., two and a
half hours later. As the moment neared, only a few low-lying clouds
and scattered high cumulus lingered as reminders of predawn rain
squails and lightning. On the lagoon’s calm surface floated a mighty
fleet, seventy-four vessels ranging from aircraft carrier and battleship
ta concrete barge and landing craft. The vessels carried stores, muni-
tions, and fuel, but no voice broke the stillness, no human being
stirred. It was called the ghost fleet: an anchored armada arrayed to
show the effects of a shallow underwater atomic explosion. A cautious
distance away at sea, Joint Army-Navy Task Force One awaited Bakes,
the second test of Operation Crossroads.

Caution proved well advised. The bomb performed as expected, not
surprising for the same plutonium-fission model already tried near Ala-
mogorda and over Nagasaki the year before, and in Crossroads Able
carlier that July. The surprise came in whal followed. As thousands
ipon thousands of tons of water collapsed back into the lagoon, a
surging wall of radioactive mist blanketed the ghost fleet. “These con-
laminated ships became radioaclive stoves,” observed the mititary com-
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2 INTRODUCTION

mittee assigned to evaluate the test, Dismayed salvage teams could
scarcely approach most of the target vessels for days; some ships re-
mained of( limits much longer. Worse than aborted salvage plans,
spreading contamination began to threaten the task force’s own sup-
port ships and crews. Vigorous efforts by the radiological safety section
forestalled apparent harm to any member of the task force, but many
safety experts saw too close a call for comfort.

Bombs bursting in air—like the one over Bikini lagoon in the first
Crossroads lest-—caused few radiological safety problems. Radioactive
debris (little enough in any case) rose too high, stayed aloft too fong,
and scattered too widely to pose any danger when falling finally to
earth. These results may have helped obscure the warning implicit in
the first test of an atomic bomb, Trinity, in July 1945, a warning already
muted by good luck and wartime secrecy. Detonated atop a hundred-
foot tower and sucking huge amounts of earth and other debris into
the rising fireball, it produced enough fallout to atarm those in charge.
Superficially burned livestock, however, suffered the only certain damn-
age. As the danger passed, wrgent wartime demands discouraged
dwelling on might-have-beens. Crossroads Baker left no such easy exit.
Testing nuclear weapons clearly posed hazards more severe than even
the most expert scientists had fully anticipated.

Radiation safety had been recognized fifty years earlier as a far more
modest problem. Before World War II, those chiefly at risk were limited
numbers of doctors and technicians working with X-ray machines or
radtum. Safely centered on the concept of tolerance, the amount of
radlation living systems could absorb without irreparable damage. Tol-
erance doses measured in roentgens became the formal basis for self-
Imposed X-ray safety codes by the mid-1930s. Concern aroused by the
fate of dial painters and other victims led to such codes being extended
to radium, then to radon. Standards for tolerable body burdens of ra-
dium and for air concentrations of active gases were published in 1941.
These three basic standards—for X rays and gamma rays, for ingested
r‘adium, and for aitborne radon-framed the structure of safety in the
fission-bomb project. But much remained unknown or uncertain as the
United States launched what the postwar world learned to call the
Manhaltan Project, the bold venture to design and produce the first
atomic bombs.

When the profect began in 1941, some basic properties even of the
natural radioelements remained question marks; their effects on living
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things were still less clear, Yet they were well known compared with
properties of the aclive materials used in the bomb project—plute-
nium, enriched uranium, the products of fission—malerials that would
require handling in amounts vastly larger than all the radium ever
used. Special concerns centered on making plutonium and culling it
from fission products. Piles that converted wranium to plutonium
produced radiation levels far higher thari any met in the past. Pluto-
nium itself, discovered only in 1241, was a complete unknown. And
danger might now threaten not merely doctors and technicians by the
hundreds, but workers of all kinds by the tens of thousands. Most
would know little about the dangers, and few could be told much in
& highly secret project. Possible risks to the public compounded the
problem, as larger numbers of potential victims offset the presumably
lesser danger to any single person.

The bomb makers foresaw these problems. Knowing the hazards,
they accepted the need to protect workers and the public against undue
exposure. Soon after starting work on plutonium, therefore, the Met-
allurgical Laboratory of the University of Chicago formed a health di-
vision as full parlner to its Physics, Chemistry, and Enginecring di-
visions. The Health Division first adapted cxisling standards and
practices to safeguard Chicago project workers, It also launched re-
search programs to learn more about the hazards and the means of
coping with them. Ultimately, the entire Manhattan Project modeled
its health and safety effort on Chicago practice and research, Chapter
1 surveys the base upon which the Health Division built, the half cen-
tury of attempts before World War I to counter the hazards of X rays
and radium and to devise workable standards for their safe use.

Health Division experts believed they could hold radiation risks, the
"special hazards” in project usage, to tolerable levels. By and large they..
did, but whether ] i i i
hazards did not rank highest among the risks of gambling large

amounts
untested theories into wocking weapons. Early in World War I, no risk

outweighed the threat of a Nazi bomb. A German laboratory was the

seence of ‘the first recognized nuclear fission in 1939. After the war be-

"p,nn, Allled _intells i i 5

seireh, The prospect of secing Nazi Germany first Lo make g0 awegome

o weapaob was a horror against which_alimpst any visk seemed worth,
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l'l::‘alih and safety, in fact, may welt have posed some of the least

baffling probterms w confiont the Manhattan Project. Routine industrial
safety proved to require the more intensive effort, though deeper con-
o e centered on the special hazards, in the event, prewar standards

broadly sufficed, despite the hosi of new and exotic active substances
px_'o_c_lggggl_ Jn the piles, Although applied on a vastly larger scale, the
. trial-and-error methods devised Gver four decades tn protect radi;tion
o WK Workers mostly it the riced. Rediafion sources wers shielded, careful

work habits instilied, workplaces closely watched, workers scréened to
deteet carly signs of damage. Setting standards and seeing them en-
forced were the first tasks of the Health Division.

Those responsible for project health and safetwﬁnad other concerns
as well. Much Health Division research addressed urgent guestions
abou:t hafldling and_using the many unfamiliar substan i
required. Researchers also explored problems more Likely to matter in
the’ longer run. How valid were extant standards? Were all the risks
toxicological as well ag radiological, fully perceived? Did new ané
strange .substancea pose unknown risks? Were there better ways to de-
tect radiation? Could radiation-caused damage be treated if not pre-
ventec'l? Such questions evoked a wide-ranging research program fhat
sometimes threatened to overshadow more routine work in clinical
'medicine, health physics, and industrial safety. Healt isi in-
lon was iteelf divided about the wisdom of spending scarce resources )

on_basic research while war raged; arm officers running a -
gram showed even less enthusiasm. Although research produced re.
sults-——better instruments, enhanced knowledge, even new protection
concepts—gafety remained closely modeled on prewar theory and prac- 3
tice. The main difference was the vastly larger scale of th_@.m—fti;ng_” |
work,H which meant vastly enlaiged hazards, Chapter 2 recounts Chi- :'
tc:ﬁz s;;glé? Division efforts to balance wartime demands against long-

& Throughout the Manhattan Project, radiologi i
gog__&%Wrucmhﬂcﬁiﬁof slr:t:ivgI szf:iig zﬁiaﬁr:;};
b inat ra lation largely protected workers from dangerousiy..
b ookan :V amatlon 01 exposure. But turning fssile metals into
L r . and sometimes greater, dangers. The pm
fnggt.ad to the weapons laboratory at Los Alamos in northern New Mex-
ol ced_the unprecedented hazards of making a nuclear bomb
arting from scratch under intense wartime pressures, they struéEEé
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to devise techniques for treating, purifying, and shaping plutonium, a ..
metal neither they fior anyone efse knew very much about, What dan-

_gers they might face, what safeguards they needed, were matters of
_puesswork, infosmed only by extant radium experience and standards,

Protecting laboratory workers became the first task of the small Los

-_Alamos Health Group.

Laboratory crises, however, paled before other strains on Health 2 |
Group resources when the first plutonium-bomb design prove
workable in mid-1944. Developing new designs entailed a series of haz-
ardous open-air experiments in the canyons around Los Alamos during
the next gix months. A young scientist likened one of those experi-
ments to “tickling the tail of a sleeping dragon.” Probably no more
than a casual quip, the comment nonetheless tapped a deep vein of
meaning, In the lore of dragon hunting, the reptile’s pokent kil posed
a special danges; Its thrashing might inflict unexpected damage on the
unwary hero even after the animal itself had received its death wound,
Metaphorically, the dragon’s tail aptly symbolizes the “special hazards”
of the Manhattan Project and, perhaps even more aptly, the key pro-

cess of testing nuclear weapons,
.The experimental findings in late 1944 and carly 1945 resolved some o,

doubts, but not all, Bomb makers felt compelled to test their gadget.
“Gadget” was the word they used. One reason, of course, was secrecy.
Perhaps so homely a word also eased the minds of men and women

facing a monstrous unknown. In any event, festing the first_bomb &

osed safety problems far more serjous than even the broadest mean-:
. ing of good housekeeping might span. Planning had been under way
for a year when the decision for a full-scale field test, code-named

" ‘|rinity, was made in March 1945, Although the desert site in southern

New Mexico was chosen, in part, for the sparsily of its nearby pop-
wlation, the most violent man-made explosion in history would still
pose public danger. Radioactivity might pose even more serious haz-
urds, and workers at the test site might not be the only ones at risk.
Clouds of plutonjum dust or fission products could threaten health and
fives miles downwind from the blast. When they decided to conduct §
. lhe test, planners judged other factors to outweigh the potential dan-
yers. Minimizing the risks fell to the Health Group. Chapter 3 describes
how the group planned to do so, and how it coped with the other
* challenges that carried Los Alamos to the brink of Trinity,
Initially at least, testing the gadget seemed a difficult but straight-

Rk i R
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ROLE OF THE CHICAGO HEALTH
DIVISION

+:

FIRST TASKS
The Health Division Issued its first report on 15 August 1942, little more
than a week after Robert Stone arrived. it merely noted the need for
radiation safety.! Serious discourse on what needed to‘be done am_i
how it should be done appeared only 2 month later. Simeon Can'tnl
and Kenneth Cole opened the second report with a statement stressing
the division’s dual sole. Part of the job was project heatth and safety.
These concerns were dlinically focused; the division bore

“direct re-

sponsibility for the health of the personnel and the public.” The other

part was research on

“the effects of physical and chemical haz-

ands . . . to provide both a basis for clinical measures anfi fundamental
understanding of the phenomena.” These statemenis‘m essence de-
fined the goals of Cantiil's medical section and Cole's biological re-

search section.?

The health physics section supported these efforts, Within the di-

vision it measured, analyzed, and computed

#the factors involved in

the clinical and experimental aspects.” Outside the division it had two
main joba: fisst, Lo judge and measure future as well as presenl hazavds

throughout “the project—sesearch and development, plants and pro
' i i “ i d oversee safety measuves.
duction, and military”; second, to design and o

a

In practice these statements did not draw sharp limits ‘for the sections;
rather they defined centers of concern. Bach section did research, jusi

as each became Involved in health and safety,

ically detectable propertions.”
“The flrgl tasks,” hiowever, red
mediple surveys of the hazards to parsonnued on the Vroject an

guided by the centrgl
aim “to eliminate physical and chemical hazards before they reach clin- -

Cantril and Colé noted, centered on e
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whole.”? Two gspecially seemed to require prompt action. Uranium
handling was one. Suspected of being highly toxic in animals, the metal
was feared so it humans as well. No proven case of a worker poisoned
by uranium had yet appeared at Chicago or in plants that supplied fuel
for the pile. Yet the Health Division had to assume uranium to be as
toxic as other heavy metals, and so it altered handling routines to re-
duce dust workers might breathe or swallow. At the same time it spon-
sored research 1o find how toxic ingested uranium really was. Albert
E. Tannenbaum, a cancer expert at Michael Reese Hospital in Chicago,
received a confract and began work in September 1942, His findings
proved most reassuring, Uranium toxicology later became the stibject
of independent research. at the University of Rochester.®

Uranium wag not regarded as a radiologleal hazard. The half-life_of 4{

uranium. 238 was measured in billions of years, of uranium 235, in -«
.hundreds of millions, Radioactivity of neither was thus high or intense
enough to pose much threat, even if ingested. This points, up.an aspect
of Manhattan Project safety problems easy to miss. As it became a Iargé’
industrial project using a host of new technigues and substances, most

hazards had little or nothing to do with radiation. Workers may_wall

ave faced more serious rigks over the course of the project in handling
toxic chemicals than they ever did from gamma rays, neutrons, or ag-
five substanggs, Radiation wag nonetheless the “special hazard.” It was
the other one of the two earmarked for prompt action in the September -
report.”

Even before heading the health physics section, Ernest Wollan had
begun to survey the laboratory for radiation hazards. Leon Jacobson
had Jikewise taken a health role in the project since early 1942. Both
betieved “some radical changes must be made at once in working con-

Jitions to avoid unnecessary exposure to radiation.” Cantril began & %

systematic survey of the health status of project workers, Aided by the
staff 0F the University of Chicago clinics, he began examining several

workers a day," They hoped to correlate their findings with each per-,

son's_past and: current work on the project and thus perhaps devise
i ] r

slan t i jation dam-.

age. They werg disappointed. Although routine sceeening of project )
workers persisted throughout the war, it proved of little use, for normal ,

rosults varied 0o widely and were affected by too many factors. Rou-,

lIne testing stmiply provided nu basis for early warning,” .

Meanwhile, all workers in arcas where ganima radiation fevels might #
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bﬁroublesome received pocket jonization chambers. Readings were ¥

Tken and recorded daily.® Although a decade old, pocket chambers

jemained neither handy to use nor easy to buy. A prewar market for

radiation detection or monitoring devices of any kind scarcely existed.
Drdinarily, users made their own or did without, but pocket chambers
were modest exceptions. Victoreen Instrument Co. of Cleveland, Ohio,
Offered the first commercial model in 1940, It was a simplified version

of the well-known Victoreen R-Meter, widely used during the 19303 in |

X-ray therapy. Victoreen called the new system the Minometer. Com-
monly, however, workers used the name only for the separate instru-
ment required to charge and read the pocket chamber.?

The chamber itself was an air-filled tube the gize of a fountain pen.
ft worked as a capacitor. A thin wire running through the center of
the tube and insulated from its walls stored an applied electrical charge.
lons produced in air by radiation neutralized the charge; the difference
between initial and final charge indicated how much radiation the

chamber had been exposed to. Requiring both charging and reading s

on_a separate device, the chamber was_awkward to use, It was also

none too reliable because other factors, like shock or moisture, might
affect results, Problems in volume manufacturing to Health Division
specificafions were also slow to be resolved, To sidestep these draw-
backs, Herbert Parker suggested giving each worker two chambers.

Using them in pairs became standard practice, sharply reducing the’

ratio of bad readings. Since all errors increased apparent expostire, the
lower reading was taken as correct. By 1945 the pocket dogimeter was
fax more convenient than the chamber. Basically similar to the simple

c¢hamber, it still required charging, but its wearer could read a built-in
dose scale directly through a system of magnifying lenses. Instruments
of this kind became one mainstay of personnel dosimetry throughout
the Manhattan Project,™ ;

» Photographic film was the other mainstay of personnel dosimetry,
Pocket dosimetets provided direct monitoring of individual exposures.
Wearers could read them at any time and they were recharged daily.
Film served a different purpose. It recorded cimulative exposure over
days or weeks, although fitm, too, might be processed on a daily sched-
ule. In September 1942 the use of film was still only in the planning
stage for the Metallurgical Project. Dental X-ray film packets had been
on the market for two decades; for nearly as fong, they had been used
to warn workers against pending overexposure. By 1942 the technique

TRt et
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was well known if not widespread. Standardization presented prob-

lems, as did questions about how photographic emulsions responded

to different kinds of rays.”® Film's value thus remained chiefly quali-

tative, as one dosimetry pioneer suggested in 193%: “If after a week of

exposure and standard development, none of the films is so dark (hat,
when it is put on a printed page in good light, the letiers cannot be
distinguished through it, then protection is adequate.”"

Quantification of film-recorded doses, however, made progress. Thes
greatly increased demands and resoutces of the wartime project pro-
moted still more. Film had drawbacks. Heat or moisture_could distortyg
readings. It was more sensitive to some kinds _of rays than to others.
It could not provide immediate readings, as it had to_be processed. But
it also promised a simple, cheap, and reasonably reliable way to check
the very large numbers of workers who might be exposed.” Wollan
planned to issue film packets “to all those for which there is any pos-
sibility of a radiation hazard existing,” He also intended “to have these
attached to the back of the badge.” All workers in the highly secret
project had to wear and display security badges. The union of film and
badge, he noted, increased “the probability of the film and the indi-
vidual being together.”™ It has remained a common practice eyer since,

Wollan’s plans took unexpectedly long to mature. The key problem -
was that filin response varied with energy of X- or gamma radiation.
Lower-energy rays produced more jons in emulsions than_higher-en-
ety rays. The same number of roentgens, in other words, at lower

energies produced darke ‘The answer was 1o uge filters
to flatten the response curve, The right choice of film and filter could
give fairly even results over a useful range of energies. Einding thef
right mix fook time. A year of research on films, filter materials, and
filter thicknesses preceded the decision on an acceptable design. The
choice was a cadmium filter 1 millimeter thick packaged with two types
of film. One of the fitms carried a very sensitive cmulsion which al-
lowed darkness to be measured will reasonable reliability over a range
from 0.03 to 3 roentgens. The second covered 1 to 20 roentgens. Only.
late in 1943 did film begin to join pocket chambers in tracking the X- .
and gamma-ray exposures of project workers. "

At the outset the most urgent question facing the Health Division
was the most basic one from a safety standpoint. To_how much radia- x
tion might workers safely be exposed? In one sense, setting protection
standards was easy. The widely accepted prewar standards were reaciy
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fo Emnd. Lonfronted with work well under way and_workers already ¥
at risk, Wol the division’s clear choice, The radiation to which
workers were exposed should be “less than what is apreed on as bzugg
safe (at present .1 r per day).”" In another sense, howe—\;:;r,ﬂtﬁ-e_]:;ob~
lem was not go easy to resolve. What was agreed to be safe in the fall
0f 1942 coul e, peap. “Established tolerance

doses” for X and gammg xays, when the project began, Stone later ex-
plained, “rested on sather poor experimental evidence,”"?

Unreliable though their basis might be, X-ray and | gamma-ray stan- -

dards existed; the Health Division at least had a body of accepted usage
for coping with_the danger. For other hazards, even that was lacking,

Litfle or nothing was known about tolerance for neutrons or for alphay
Aand beta particles. For internal emitters—active substances swallowed,

inhaled, or otherwise taken into the body and retained—the_problem
wag more complex. The well-known hazards of radium and radon Jed
fo the first published standards in 1941, Less was known about radio-
phosphorus and radiostrontium, nothing at all about tolerance for offer
active nuclides. A tolerable burden of some active substance was the
amount lodged in the body which could be borne without seeming
harm. Measuring body burdens in living subjecis was tricky, and then
it_provided only an after-the-fact notice that something had gone
wrong, The best measure of body burden, in any event, revealéd noth-

ing abou! intake when_metabolic pathways remai westion marks..

Intake, not burden, was the crucial safety problem, but no one knew

much about the relation of amounts taken in to amounts retained. -As.

intake was almost always nadyertent, measured data schrcelz existed,
The very meaning of tolerance dose for internal emitiers was unclear.
R%»MML@@ practice was to try to avoid
. I ‘] I! 0 T ot e
Enough was known in 1942 to provide, in Cantril's phrase, “base
levels on which to build.”? That was vital. Time pressed, and plans to
produce plutonium had to proceed from “caleulation of hazards based
on such knowledge as already existed,” Stone recalled. Yet no one
questioned the need, he added, to check the assumed biological effects
“by experimentation as rapidly as possible.”? Other steps also could
be taken. One seemed merely semantic. Althotgh “tolerance dose”
vemained {n use well lnto the postwar era, the preferred term changed
during World War II. The new usage, “maximum permissible expo-.
sure,” hnd begun to challenge the oldor term after the mid-1930s. In

{
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one sense, changing new words for old meant little. Numbers at first
stayed the same. Maximum permissible gamma exposure was the same
0.1 roentgen per day the tolerance dose had been. In other ways, how-
ever, the shift was crucial. As the words themselves suggest, the new
term connoted a ceiling, an upper limit to exposure, in contrast with
the looser notion of tolerability implied by the term it replaced.?

At the outset, no new findings supported the change. it was rather
a response to the clouded issue of radlation effects on living systems,
Biological infuition and medical experience, in fact, suggested that per-
sons exposed below some level would suffer no lasting damage. Given
the large number of workers and the huge scope of the project, how-
ever, Stone and most of his colleagues preferred the prudent course,
They acted almost as if they believed any exposure could be harmful,
as if no threshold existed, as if any body burden might cause damage.
They hoped research would provide better data than they had in 1942, ,
but the project was too urgent to wait upon firal results. Time enough
later to raise the limits if research findings permitted. This course un-
doubtedly kept worker exposures well below what they might other-
wise have been.

HEALTH DIVISION RESEARCH

Much Health Division research was more applied than basic: testing ,
and proving the tools and methods required to meet the project’s im-
mediate health and safety needs. Typical was health physics work on
film badges and pocket ionization chambers. But research was not lim-
ited to finding ways to measure individual doses. [nstruments were X
needed to detect and monitor_the whole range of particles_and rays

groduced_in puclear resctions. The problems were .challenging, Each

radionuclide had its own characteristic decay mode, Each kind of ra-

#iation presented its own problems and hazards. Each workplace im-

-posed its own special demands, Principles were all known before the
war, but few had been reduced to the kind of rugged, standard, and

reasonably easy-to-use instruments the project needed. The hard and

complex_task of turning theory into working tools lasted throughout -

the war and after,®

This effort was crucial to the entire project. Instrumenis were not
only designed and tested at the Met Lab, but in many instances they
were also produced in [arge numbers for use throughout the project,

5
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They also served many purposes beyond health and safety. Health
physics, in fact, worked closely with William P, Jesse’s instrument
group in the Met Lab’s Physics Division. Jesse had received his Ph.D.
in physics from Yale in 1924 and joined the University of Chicago a
decade later. His research centered on X-ray crystallography, cosmic
rays, and the ionization of gases. Like others engaged in such research,
he learned a great deal about making instruments, He was among the
first members of the Chicago faculty tapped for the Metallurgical
Project.®

lonization of gases, Jesse's specialty, was by far the most common
basis for instruments. Nuclear radiation can be detected only through
some effect of its interaction with matter. Of such effects, ions
produced in gas are often the most useful. A device like the pocket
chamber described above works electrostatically; the ions neutralize the
charge. Connecting a power supply—-normally a battery—attracts ions
to the electrodes and allows the ion charges to flow in a circuit. This
current flow can be precisely measured even at very low levels. This
process in turn provides a measure of the radiation intensity that
caused the ionization. lonization chambers were one of the two main
classes of instrurments used at the Met Lab. They had been widely
employed before the war in X-tay work. Commercial models were on
the market and could be adapted without too much trouble to measure
gamma rays, and they could also serve for beta radiation.®

The second class of instruments comprised proportional and Geiger-
Miiller counters. At voltages higher than those used by ionization
chambers, {reed electrons acquire enough energy to create new ions.
The effect is called gas amplification. Over 4 certain voltage range, it
increases carrent flow in proportion to initial ionization events. Devices
working in‘this range are called proportional counters. At stiil higher
voltages, proportionality fails. A single ionizing event may trigger an
avalanche of electrons throughout the detector gas and produce a large
electrical pulse, This is the working region of Geiger-Miiller counters,
named for the two German scientists who perfected the first such de-
vice in 1928. Proportional counters were, for the most part, still hand-
made laboratory devices when the war began.” The Manhattan Project
changed that because their major use was alpha detection, a special
project concern, Plulonium is chiefly an alpha emitter. Massive and
highly charged, alpha pasticles present little threat outside the body;

even a sheet of paper will block them. Bul plulonium, Jike s

proved to be a_bone seeker. It might produce the same “horribe re-
sults . . . [as] radium salts taken into the body.”* Alpha counters be-
cpme the subject of intense work throughout the war, The result wasg
an array of devices to check workers and to survey wmkﬁl'i_c'qgi:- 'lmnd,
face, and foot counters, air samnplers, and survey meters. with, nick-

names like Pluto, Sneezy, Poppy, Zeus, and Juno,

Neutrons presented the most difficult problem for the instrument -
_ makers. Electrically neutral, their effects on matter differed widely from
those“of charged particles. From a safety standpoint, the hazard also
depended closely on their speed and energy, whiché;Sf over a“wide
XATEE. MIGHITOTINg TigR-speed nentions in the presence of gamma rays
preseftted special problems. One answer was a dovice callod Chang
and Eng, named after the famous Siamese twins because of jts twin
chambers; the first chamber measured the combined neutron-gamma
effect, the second, gamma only. The current from the gamma-only

chamber subtracted from the other chamber's current gave the neutron
reading. Slow (low-energy) neutrons required a different technique,
based on their reaction with boron to form lithium and alpha particles,
Filled with a gaseous boron compound or fined with boron, alpha
counters could thus be adapted to count neutrons.

In a sense, instruments themselves might define the hazards. The
Health Division adopted a tolerance dose for neutrons of 0.01 neutron
unit per day. The unit was “that quantity of fast neutron radiations
which will produce a reading of one roentgen on a Victoreen condenser
r meter when using the 100 r chamber.”® Exposure levels were often
vxpressed as instrument readings, Thus the maximum permitted alpha
level on work surfaces became 50 units on Pluto, the first alpha survey
teler produced at the Met Lab, Five units on an alpha hand counter
defined the limit for hands, 50 counts per minute on another device,
tha for faces. In the health physics section, research fell chiefly to
IHerbert Parker's protection measurements group. Instruments were

not the sole concern. Parker also faced the old problem of finding sat-
isfirctory units to relate the physics of jonization to biological cffects,™

The roentgen was defined only for X amima rays, but the project
tived, Parker noted, the “practical problem..of_adﬁmg“m_e_ doses_re-
ceived by a large group of workers from_quantum radiation, a]p?m,
bhela, and heutron radiation.” The answer was a common unit, The
key choice was th base it on energy absorbed rather than on jons
‘roduced. The “rép” (roentyen cquivalent physical) mca_;:u::{_{ci (ioéi;as '
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;Q-energy abgorbed per unit ‘mass {ergs per gram) equivalent at a point
in the body o exposure in roentgens. Since hiological effects varied
with kind of ray, Parker derived a second unit that included a biological

, factor. Termed RBE (Relative Biolopical Ef_f:é:égi_‘@_nggJ, it was found by
expeximent for each kind of radiation. The measure of biclogical dose
was then the product of rep times RBE. Parker called it the “rem”
(roentgen equivalent mammal or man). “Roentgen equivalent biologi-
cal” might have made better logic; he rejected that term when he
learned that hearers might confuse rep and reb.” Parker completed the

4 new_system in early 1944, Stone proposed it for the project at a Met
Lab meeting on 7 March.® Simple, thoughtful, and convenient, Par-
ker's system won many users during the war. Security prevented its

- public digsemination until 1948, but not until the late 1950s did rem,
w,%h

¢ _dose unit, fully displa en,_the exposure unit,. as.the_basic.
measure in radiological safety,®
The Health Division's medical section provided health services, but
Tike the health physics section it conducted research as well. Clinical
needs directed research chiefly in response to the project’s direct health
and safety demands. Leen Jacobson’s blood shudies and Albert Tan-
nenbaum’s toxicological work were typical. The research program also
included other contracted studies on human subjects. Participating
«were Memorial Hospital in New Yotk, the Chicage Tumor Institute,
and the University of California Hospital in San Francisco. The subjects
were patients not expected to survive more than a year or two. They
received massive single, repeated, or continuous X-ray doses.* These
studies, as Cantril explained,

will glve some useful information which we do not have on the effects
of whole body irradlation. They may permit an appraisal of the effects
after . . . at most 1--2 years. . . . They also serve to judge the mag-
nitide of an exposure te which a man could be subjected in an emer-
gency and the leagth of time before restoration (as well as can be
judged from present laboratory methods).”

" Researchers sometimes used themselves as gninea pigs; in one study
of the effects of external radiation on white blood cell counts, four
volunteers received up to 50 roentgens whole-body X-irradiation,®

Other regearch was pursucd outside the Chicago laboratories. The
Health Division sponsored or supported such efforts from the outset.
Some of these emerged as major programs in their own right. At the
MNational Cancer Institute in Washinglon, Bgon Loreny and his col-
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leagues began a small-scale study in the spring of 1941. They exposed
mice and other animals to refatively low levels of gamma rays over
extended periods of fime. Shortly after he joined the Heallh Division,
Stene visited Lorenz. Cooperation between the two groups followed,
Met Lab support allowed Larenz and his co-workers to expand their
studies with a much more elaborate experimental facility. Barly in 1943
they could begin a new series of expetiments using far larger numbers
of animals.”

The project at the University of California in Berkeley also had pre-
war roofs. Joseph G. Hamilton had worked with Stone on studies of
cyclotron-produced active nudlides, later found to be fission products
as well. After Stone went to Chicago, Hamilton pursued the work un-
der Health Division auspices, Such studies were badly necded, as
Hamilton observed in his first report: “Of the 17 or more elements , . |
produced by uranium fission, only a few have been studied with regard ,
to their biological disposition.”* Little was known about the fate of
fission products once they entered an animal’s body. One question had
special bearing on tolerance. Did other radicelements share todine's
well-known trait of concentrating in a single organ or lissue? Biochem-
istry ignored radioactivity and thyroids collected all isotopes of iodine
indiscriminately. Many fission products, however, were isotopes of rare
clements with unknown biochemistry. What impact an active nuclide
might have remained guesswork. Using micrograms of radioclements
from the Berkeley cyclotron, Hamilton began tracing metabolic path-
ways of the products and their compounds.™

The line between applied and basic research often blurred. As Stone
ubserved, “the clinical study of the personnel is one vast exi;eriu?t—z:;t.‘ -_ ’

Never before has so large a collection of individuals boes expased to

0 nuch irradiation.”? Kenneth Cole's experimental biology section,

however, was clearly intended to focus the division’s basic rescarch.
fHone was not the only one who believed that “beneath all ubservable
vlfects was the mechapism by which radiations, no matter what their
urigin, caused the changes in biological material. If this mechanism
uouldd have been discovered, many of the problems would have been,
slmpler.”” Whether a full-scale basic research program could have been
designed in 1942 must remain an open question. The dearth of sure
inowledge may have been too large a handicap.

In any evenl, wartime pressures precluded such an approach. As,
anlril and Cole noted curly, “work directly connected with immediate
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Meanwhile, however, safety demanded prompter action. Witk other
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RADIATION SAFETY AT 1OS ALAMOS 65

samplers had as yet produced no results. That meant a second slopgap,. ¥
nose counts, This technique involved swabbing inside a worker’s nos-

trils with filter paper, again measured in the fixed counter. Rcadings

__higher than 100 counts per minute were somewhat arbilrarily deemed »
- {0 yequize action, such as warning the worker to improve His technique

or perhaps shifting him to a plutonium-free job. Nasal swabs provided

At best only a rough index of how much dust might have been inhaled.
The real problem, however, remained too liltle knowledge abott the
ways plutonium behaved in the lungs and elsewhere in the body.
William Jesse’s Chicago instrument group was ncither recaleitrant
nwor incompetent. Radiological safety had not demanded alpha moni-
toring before the war. Although an alpha source, radium also emitted
much-easier-to-measure strong pamma rays. Fission products, too,
tended toward strong gamma emission, As pile radiations and fisston
products seemed the most urgent problems during the project’s first
years, the instrument group focused its limited resources on these
areas, Plutonium posed the first major hazard thai could be detected, v
essentially, only through its alpha activity. Methods existed, but largely
in the form of clumsy and touchy laboratory devices, Without com--
mércial sources to draw on, the Chicago group had nol only {0 dagign,

and develop, but also to produce, what was needed. Los Alamos stoad

last in line, Chicago itself, the pilot plant in Tennegsee, the production
plant at lianford—all required instruments. Both more dlosely linked
to Chicago than Site Y, Sites X and W might well make demands casier
to kear. Their demands also came sooner. It was, after all, only when
plutonium began o arrive from Tennessee and Hanford that Los Ala-
mos called for help.”

Shortages, however, accounted for only part of the problem. Each
site had special needs. Even when developed, the large, fixed alpha
counters and air samplers sujted for production plants scemed too
clumsy for Los Alamos. At Site Y concern centered on laboratory mon-
igoring which required, ‘above ali, good portable survey metory. The
only ¢ne yet available early in 1944 was the Met Lab’s Pluto, an ion- #
Zation” charibeT sdapRd 167 Alpha CounimE, FFom_Los. AJAmos_ 1
looked far too insensitive. Pluto shortages thus only parlly explained
why Site ¥ monitors persisted with the swipe method, For all the slow
and spotty results, swipes could detect much lower alpha levels.™ Los
Alamos electronics experts strove to fill the gap. Their first effort
produced a new hand counter. Installed in Building D—where pluto- +
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. derwear appeared, as did a (perhaps.tongue-in-cheek) bill in the New Jersey: legisla-

Exhibit

Wrong Turns on Radiology’s
Road of Progress’ .

David]. DiSantis, MD + Denise M. DiSantis, BS

# INTRODUCTION

Radiology has been blessed with remarkably insightful proponents and practitioners
since its inception. Consequently, the ficst centiny of radiologic practice has been
one of unparalleled advance. Not unexpectedly, given this rapid ascent, American
radiology has occasionally suffered 2 mild case of the intellectual “bends.” Chroni-
cled herein are some of the missteps along the way.

H AMERICA LEARNS OF X RAYS

Even the introduction of the new science to Americans was a bit off-key. The New
York Sun touted the mysterious “light that never was” on January 6, 1896 (Fig 1),
crediting irs diScovery to Professor Routgen [sic]. “Roentgen ray fever” promptly
became an American epidemic. With nearly 1,000 presentations and articies dealing
with x rays appearing within the first year (2), it was obvious that both the medical
community and lay public were thoroughly enamored of the new marvel. Extended
(unshielded) fluoroscopy became de rigueur during physical examinations (Fig 2).
Long lines formed at public exhibitions where subjects underwent fluoroscopy for
hours (Fig 3) 10 amuse the customers (4). Advertisements for ladies’ x-ray-proof un-

ture banning incorporation of x rays into opera glasses (5}.

The populasity of x rays can be traced in part to the efforts of Thomas Edison. Edi-
son’s entrepreneurial interest in X rays was aimed at increasing their public availabil-
ity, and so in 1896 he introduced a recreational home fluoroscopy unit (4) (Fig 4).
He anticipated even wider appeal for his new type of light buib—an x-ray tube
coated with fluorescent paint (4) (Fig 5)-

E ARE THESE RAYS SAFE?
Reports of skin damage after exposure to X rays began to appear as early as 1896.
Bur the controversy regarding the injurious effect could not have been more heated.
Nikola Tesla biamed ozone for the damage (3), while others thought it was some
sort of elecrrical burn. Degmaric wrong-headed pronouncements did omusch 1o
muddy the issue (Fig 6). But danger lurked on both sides-of the fluoroscopy screen.
After his assistant, Clarence Dally, became the first American x-ray casualty, Tho-
mas Edison observed, “Experimental work with w-rays will be but slightly affected by

Index tetins:  Radiztions, injirfous effeces + Rzdiology and radjologists, history
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Figures 1-3, (1) “Routgen’s”
amazing rays, annotnced by the 5y
Louis Pose Disparch on January 7,
1894, (Reproduced, With permis.
sion, from referen,

shie

they SUspect that the 1ese was
Warse than the disease. (Repro-
duced, wirh permission, from refer-

€xpose the public ¢, “the new
marvel " {Reproduced, with permis.
sion, from reference 3.}

Figure 4. Drawing of the Edison Vitascope,
for recreational home fluorosc
Permission, from reference 4)

intended
opy. (Reproduccd, with

}Whm.\mm-‘:,l Ve YA

Volume T1  Numpber§




L

e darregpondente, T

NO PRACTICAL DANGER FROM THE X.RAY.
S Bostox, February 18, 19‘0_1 L
S MR, EptTor : — In your issue of Febraary 14th is piib-
iafied a letter from Dr. William Rollins, deseribing ad ex-
Periment which, if confirmed by Tuture observers, seemato
e of very great importance. If the xray is capable of
\destroying life in the mammalia, the fact shotld certainly

‘bedbrought to the attention of the medical profession, Dr.
Roliins does not give the details of his experiment, metely
g leduciions. Uther experimenters have footd the xuz
ncupable of destroying even the cryptogamiy faﬂtragf‘é
gvﬁ'ghfg, fiowever, | do not propose to eontradict Dr
Relnasimind leave to the physicists and clectriciansihetash
Figure 6. Venerable radiology pioneer E. A. Codman reassures
readers of the New England Journal of Medicine (then known as the
Boston Medical and Surgical Journaly that fears of x rays are over
plown. (Reproduced, with permission, from reference 7)

my discovery of their harmful effects. I have a
[lead] screen one-half inch thick in my labora-
tory, and would continue the experiments,
but my wife won’t ket me” (8). With the con-
sensus regarding the porential danger slow to
grow and bolstered by early successes in tu-
mor treatment, x rays were applied to an
amazingly wide range of maladies, from ring-
worm to frostbite.

Training for physicians who used x-ray
equipment was cursory at best (Fig 7), rarely
stressing safety. Consequently, gross overex-
posures by inexperienced practitionets con-
tinued well into this century (Fig 8). B-ray
physicians were in no less jeopardy than their
patients. A 1948 study of the hands of radiolo-
gists revealed radiation damage int 48% (10)

(Fig 9).

# X RAYS IN THE MARKETFLACE
American business was even more libegal in
its use of x rays. Beginning in the 1920s, x-ray
units were used in beaury parlors to remove
unwanted facial and body hair (Fig 10). The
largest aperation, known as the Tricho Sys-

Figure 5. Edison, photographed by the light of
his x-ray tube light buib. (Reproduced with per-
missior. from reference 6)
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. :; b MEDICAL SCHOOL AND HOSPITAL t
g FALL SESSION, 115
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Special opportunisies for tharongh, complete scientific .

Anstruction in Roentgenology. 5]

For marriculates with fimited time 4t their dl'spOsaI'.:;

. £ the following courses may be combined, and complered... |
= Jie a period of six woeks: R
- : Roentgenological Technique, 2
5 " Fluoroscopy and Plate Reading. {3

- " Roentgen Therapy,
i . ‘For fusther detailed particulars conceming speci:d_‘
* wolgeses, apply to
Figure 7. Cram course or sham course? n

; "7 THE SECRETARY OF THE FACULTY
One could become a radiologist, radiogra- N Ml i Sy
3 pher, and radiation therapist in just 6 weeks. Y st zoth Sereer LoDl : o Cu:y
2 (Advertisement from AJR 1917, 4:XVH1) e e L . o

Figure 8. Photograph shows lower back scar caused
by an x-ray burn from a2 single gastrointestinal tract
flnoroscopic examination. The flueroscopist butned
three more patients that same day (9). (Reproduced,
with permission, from reference 9.)

OO LA & AV A4 et

Volume 11 Nurnber6




Figure 9. Photograph shows multiple, ulcerating
squamous cetl carcinomas on the hand of an early
radiologist. (Reproduced, with permission, from
reference 3.)

. o \ﬁ (10 R X RAY EQBPG RATI {IN iii‘f;?’;&-c o;‘c‘;’i*:fgt ﬁ‘)rice

xRy A ::_N"'*cm-m o . . the Victor X-Ray Corpo-
[ Tonr - HRA PPAR Us. CaQoLIPeE YHIS AN - .
5%‘?25?‘;” u PHYSIOTHERARPY APPARATUS HESEARCH LABGUATORES  rafiofn, Just $385. (Re-
saeheeay ’vdp(’ e produced, with permis
z . -
‘Oﬂ Cricaco sion, frora the Hammer
6 spriy 25th, 1922, Coflection, Archives
; J— Center, National Mu-
The Kempsmith Mfg. Ca., . o seum of American His-
S8iwRnkss, WiEC. . . tory, Smithsonian Insti-
tution.)

Gentlemen:

2rom your latter ¢f 4pril 21s%, we assume
thet you sre interssied ia saall portavle high frae-
quency outfits for usé in Yyosuty parlors, fThe smalle-
¢et typd of outfit which we manofacturs for high fre-
guancy and treatment work is desoribed in the bhplla-
£in enclozed. The zrise ig 3385.00, avd 1= drranged
for giternetisg scTrent. IRis outfiv of goarse 1@
designed prinmsrily for ose b7 the physiciens, and
wuld possibly be too high in prise te parait of its
rse by yorr ecesicmeT.

ZowaTer, Lf we ced bs of any zearvige ¢ Fou,
plesse &0 not hesitate io ¢ 1iing on uEs ‘

Yourg very truly.
TIO20R E-HuY CORPORATION.
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Bignre 13. Photo-
graph shows severe ra-
diodermatitis of the feet
of a shoe store em-
ployee whose fitting
finoroscope had fauley
shielding. (Reproduced,
with permission, from
reference 14.)

t

Figure 14. The explosive popularity of radium made it
a “hot” commaodity itt more than one sense. (From the
New York American, May 8, 1904. Reproduced, with per-
mission, from the Hammer Collection, Archives Center,
National Museum of American History, Smithsonian Insti-
rudon.)

To say that radium was viewed eatlyonasa
godsend panacea is to understate the preva-
lent perceptions (Fig 16). Spectacular ac-

B ENTER RADIUM counts of radiem-induced tumor shrinkage
prompted physicians to try it for maladies
ranging from hypertension o schizophrenia.
There seemed to be no reason for cautiorn,
since, as the journal Radium declared in
1916, “Radium has absclutely no toxic effects,
it being accepted as harmoniously by the hu-
man system 25 is sunlight by the plant” (Ra-
dium 1916; 7:24). According to some, radium
might even be the source of life itself (Fig 17)1

Marie and Pierre Curie’s discovery of radium
in 1898 touched off 2 new round of “ray

5 mania.” The mystery and romance of 2 new
element (one discovered by a womarn, no
tess) that produced constant zbundant radia-
tion without the curabersome apparatus
needed to generate x rays electrified the sci-
entific copmmunity and lay public as well. The
- mystique was enhanced when it was revealed
that radium acrually changed into other ele-
ments—alchemy come true. Despite the scar-
city of radium and the resultant spectacular
cost (Fig 14}, public fascination prompted the
incorporation of radium info everything. from
choeolate to contraceptive jelly (3) to cleans-
ers (Fig 15).
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Figure 15. Advertisement for a combination radium insecricide and furniture polish Vir-
tually no potential market escaped the assault of the radium entreprencurs. (Reproduced,
with permission, from the Hammer Collection, Archives Center, National Museum of
American History, Smithsonian Institution.)
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Figure 16. When radium could do no wrong- (Article appeared in 1904; reproduced, with permission,
from the Hammer Collection, Archives Center, National Museum of American History, Smithsonian Institu-

tion.}

Figute 17. The most amazing

e . .. .. caimofall Infac, quite the oppo-
R site was to prove truc. (From the

v T

= Al R { New York Journai, june 21, 1905.
A ! Reproduced, with permission, from
k3] E TELLS HOW HE MHDE . © the Hammer Collection, Archives
- - . Center, National Museum of Ameri-
FE HW AKE IN R AD I UM TEST can History, Smithsonian Instite-
. R tion )

ambridge Scientist ExplainS in Detait to the “American™ His Successful

* Experiment Which Prodiiced Spontansous Generation. T




Figure 18. (@) Treatment with liquid sunshine
was made easy with 2 home radium warer dis-
Penser. (Reproduced, with pPermission, from ref
erence 15.) (b) Radithor

Badithor Guaranter

We Guarantee that every bottle of Radithor contains genuine

g
Radinm and Mesothorium elements in triple-distilied water,
We Guarantee the strength of each bottle of Radithor.

We Guarantee that Radithor is produced under strictl
coaditions in thoroughly sterilized bottles.

We Guarantee that Radithor does not depend upon any drugs what-
ever for its efficacy and that any physiological results ascribed
to Radithor are dye entirely to the action of the rays produced
by the radioactive elements contained therein,

We Guarantee that Radithor is hrarmless in EVETy respect.

We Guarantee to pay the sum of One Thousand Dollars to anyone
who can prove that each and every hottle of Radithor when it
leaves our Laboratories does not contain a definite amount of
both Radium ang Mesothorium elements,
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Figure 19. (a, b) “Let us ‘rays’ our glasses.” Toasting with liquid sunshine cocktails at the 1904 banquert of
the New York Technology Club (€) Reaipe for the radium cockeail. (Reproduced, with permission, from the
Hammer Collection, Archives Center, National Museum of American History, Smithsonian Institution.)

A favorite means of gaining the much-
touted health benefits was to ingest radium-
impregnated water, known bucolically as “lig-
uid sunshine.” Hailed not only as salubrious
toaics (Fig 18), radium beverages were an
instant hic as fluorescent cocktails on the ban-
quet cireuit (Fig 19). Dinner could be served
on radioactive chinz (Fig 20), then cleansed

away with radium toothpaste (Fig 21). After-
dinner entertainment might include a glow-
ing game of radium roulette (Fig 22) or per-
haps just evening prayers before an ever
tuminous crucifix (Fig 23). American business
ioved radium (Fig 24).
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Fxgure 23
from the Hammer Collection, Archives Cent
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Figure 24. Abusiness card not
conducive for maintaining long-
term customers. {Reproduced, with
permission, from the Hammer Col-
fection, Archives Center, National
Museum of American History,
Smithsonian Institution.)




Figures 20-22. (20) “Hor” plate. Scintigram of a
Fiestaware dessert dish. These uranium-glazed dishes
were produced from 1935 10 1971, Acidic foods can
leach traces of uranium out of the glaze {5). (Courtesy
of Claude Hesselman, DePaul Medicai Center, Not-
folk, Va.} (21} A perky German advertisement {ca
1835} for radioactive toothpaste. The rays were said
10 provide 2 “healthful massaging of the gums.”
{Courtesy of Ben Z, Swanson, Jr, MD, Baltimore.)
(22) Participants gambled with higher stakes than
they imagined. The wheel, bals, and chips were
coated with luminescent radium painz. {Article ap-
peared in 1904; reproduced, with permission, from
the Hammer Collection, Archives Center, National
Muscum of American History, Smithsonian Institu-
tion.)
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Was radium a panacea or Pandora’s box? Its
discoverers found they could not escape it
(Fig 25), and its proponents and partakers
came 1o rue its advent (Fig 26). In the 1920s,
the populacity of radium was unabared, with
glowing radium paint particularly ubiquitous
In products from fish bait to doll eyes. As Dr
Sabin von Sochocky, developer of “Undark™
radium-based paint observed in 1921, “The
time will doubtless come when you will have
in your own house a room lighted entirely by
radium . ., like soft moonlight™ (5).

The rapid fall of radium from grace began
with the deaths of several young womert,
painters of luminous watch dials (Fig 27).
Their mysterious osteonecrosis and profound
anemia prompted a search of their workplace,
the U.S. Radium Company. The unshielded
work area and the painters themselves were
so thoroughly spattered with radioactive paint
that even the workers’ undergarments glowed
(5). Safety was such a nonissue thar the
women painters sometimes applied the glow-
ing radium paint to their fingernails and teeth
for special oecasions (5). To get the finest
point on the brush, the painters passed their
brushes between their lips and thus swal-
lowed minute amounts of radium-based paint
{Fig 28). So permeated with radioactivity

were the dial painters that they could Yight a
flucroscopy screen with their breath, and yet
an zutopsy revealed that the lethal dose had
been less than 70 cents worth of radium.
Amazingly, because of the long latency be-
tween exposure and disease, the U.S. Radinm
Company nearly evaded culpability by invok-
ing the statute of mitations (5).

The deaths of the dial paintecs plus the bur-
geoning casualty list of early x-ray workers
tolied the close of America’s uninhibited love
affair with radiation, But by then, some “ray-
vangelists” had already given in to tempta-
tion. Heady with newfound power thanks to

Tke Radmmwdter ]
| Worked Fine Unil. .
1"His Jaw Cainié off

: "Caxi'cer‘ Researcher Unearths
A Bizarre Tale of Medicine *
And Roaring "20s Society

26.

Figures 25, 26. (25) The Curies were to suffer
more than misspelling. Marie Curie died of radia-
tior-induced aplastic anemia. (From the New York
Journal, April 30, 1905. Reproduced, with permis-
sion, from the Hammer Collectron, Archives Cen-
ter, National Museum of American History, Smith-
sonian institution.) {26} Tae debt begins ro come
due. 25 seen in the headline Fom a story detailing
the demise of 2 radium tonic user. (From the Wall
Street Journal, August 1, 1990 )
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28.

Figures 27, 28. (27) Photograph shows the wock area of the radium dial painzers. Note the streer clothes
and the complete absence of shielding. (Reproduced, with perrussion, from reference 17.) (28) Autoradio-
graph obmined by placing the teeth of a raditm poisoning victim atop phorographic film. (Reproduced. with
permission. from reference 18)
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 RADIUM!

‘Bleaching the Negro to B Tried
with it at California
University,

'X-RAY WILL BE USED, T0O.

SAX FRANCISCO, Jan. 21~-Radinm will
be used with the X-ray {n a serles of start-
ling experiments at the Tulversity of Call-
fornfa. An attempt will be made to tuim
| the skis of & megro white. ‘
{ The tests have been underteken by Rob-
‘ert A. Rees, a2 senior m“‘_the College of
1 Chemistry, under the diréction of - profes
ysots, The X-vsy will be combined with the
iradium it the experiments, and the effects
Luf the tavo on the coloring cells of the body
{wﬂ! be detérmined, . R
Figure 30. More experiments in human “better-
ment."” {Article appeared tn 1904, reproduced, with
permussion, from the Hammer Coliection, Archives
Center, National Museum of American Hiszory,
Smithsonian Institution.}

Figure 31. As this photograph of a
1990 cereal box attests, radiation
remains fully assimilated into cur-
rent culture. A careful look at the
hands of this famous threesome,
however, reminds us of the hazards
of “x-ray’* viewer overase. {Cour-
tesy of Kellogg Corporarion.)

radiation, they sought to reshape society
more to their liking (Figs 29, 30). Even
William Rollins, the patroa saint of early radia-
tion safety, succumbed briefly to the dark side
of the force, as evidenced by his article titled
“Qn the importance of tceating the generative
organs of degenerates by X light to prevent
their increase” (19). Happily, the period was
brief when radiology journals’ pages were
sullied with tisles such as “Stecilization in the
interests of race betterment” (20).

m CONCLUSION

Only the benefit of the “retrospectoscope”
permits a smug review such as this one. The
giants who piloted radiclogy through the
groping, formarive years stand no less tall for
these brief detours from the true path. And
though the applause for the blessings of radiz-
tion has been tempered by recognition of its
perils, the sheer fascination with it remains
undiminished (Fig 31).

Acknowledgments: Special thanks to Nancy
Knight, PhD, American Coliege of Radiology, and
Thomas Xenakis, MA, Art in Medicine, Norfolk, Va,
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NO DOSE TOO LOW
Contents A high-stakes batfle rages over the risks of low-level radiation.
The current
controversy lSIHEBE.A.SﬁEE.LﬂLELQEBAQIAImN? Is there some standard belong
i which exposure is harmless? Maybe even "good for you?” Years ago, many
French complain radiation scoientists befieved jusf that. Veery low doses of radiation were harmless

The United States humian healih, they said, and some argued that very smail exposures actuzlly
The scientific debate ad 1 3 positive effect

The latest word Over time, however, those views have lost favor, and they are now a:red ma:nly

Collective dose by those who appear to have a pro-nuclear bias. Today, most of the world's
radiation scientists believe that even very small doses of radfgtion-those that

Death and mone are well below background laveis and whose effects are difficult fo detect~
MAJOR SOURCES  ingrease the fisk of Jeveloping cancer, howeaver slightfy.

That view was officially endorsed in_ 1991, when the e Internationa | ath
(IERPYadopted the "inear:no-thrashald” mo&ei a thedry #hdt had been aroimd in various forns_for
decades. A wide varisty of studies—of Japanese A-bamb sundvors, nuclear workers, and children who
had been exposed with medical equipment—are often cited in support of the no-threshold theory, as well

as recent studies that implicate “natural” or bagggrognd radiation as the cause of many cancers.

Although the no-threshold theory is now widely accepted by every major intemnational organization

concemned with radfation risks, it mntanwﬂar__po_mrm,_e_mmmﬁmnmm

radiation scientists, particuiarly Tri the Uny tates and France, still hold to the earier view that fow

dese&am—hamﬂe"" And the views of American scientists in parﬁéular remain influential in setting
radjation standards in the U.S, nuclear industry.

In part, the grow;n acceptanoe of the ne-threshold theory reflects the !atest unders’mndmg of biologists of
how cancers onqmate

ndys Tmmmafm:rm-r Burugiier standards requinng lower e {ONS are ikely w
ha.ue_s_ems cost implications for the nuclear industry, and they could have imglications in lawsuits aver

The current controversy
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When the ICRP, a voluntary international commission that makes recommendations on radration
dosimetry and limils, issued Publication 60, 1990 Recommendations of the ICRP, caliing for lower limits,
it set off considerable controversy.(n1) The ICRP proposed that radfation doses to the general population
and to workers in the nuclear industry should be kept fo very low levels below background. The proposal
was significant, because most counries, exdluding the United States and Russia, follow the commission's
recommendations in setting national standards,

Publication 60 recommended reducing radiation limits for workers from 50 miliSioverts {Brem)to an
average of 20 per year, and limiting permissible exposures to the general public from & milliSieverts to
one. These standards have now been adopted by a variety of other organizations, including the U.N.
Scientific Committee on the Effects of Atomic Radfation, the International Atomic Energy Agency, the
Worid Health Organization, Britain's National Radiological Protection Board, and the European Union.

In the United States, the National Radfation Protection Commities, the National Research Council's
Committee on Biological Effects of lonizing Radiation, and the Environmenta! Protection Agency have al}
endorsed the no-threshold theory, but the Nuclear Regulatory Commission has yet to adopt the ICRP'S
recommendad exposure limit. The curent U.S, standard for workers remains at 50 milliSioverts per year.
However, the Nuclear Ragufatory Commission's standard for the public is already 1 milliSievert.

Meanwhile, the lower limits—and the no-ihreshold iheory behind them—have provoked a heated debate in
some quarters~in professional associations, radiation and nuclear industry conferences, radiation
joumnatls, and on various e-mail listservers. The controversy, which has continued for more than six years,
shows few signs of abating.

French complaints

initial complaints about the recommendations in Publication 60 came mainly from radlfation autharities in
countries whose govemments were strongly pro-nuclear—France, Canada, and Japan.

France is committed fo nuclear power, with about 75 percent of its electricity capacity derived from
nuclear plants. The French government was particularly concemed about the effect that tighter limits
would have on domestic uranium mining; however, a slump in world uranium prices has since shut that
industry down.

Then, in 1995, the French Academie des Sciences issued a report eriticizing the new standards,
_consistent with the views of the powerful French nuclear industry.and research establishment. - - - 4

The Academie’s own report was heavily criticized, however, and the French government's Institute of
Nuclear Safety and Protection sided instead with the ICRP. Even more remarkable, the institute asked
Britain's National Radiologicaf Protection Board to review the Academie's report for the French
parliament.{n2) Although the Academie opposed the conclusions of that review, the Academie itself
refused to make recommendations one way or the other. As a result, the Franch govemment has now
agreed to implement the recommendations in Publication 60.

The United States

in January 1996, the Health Physics Society, a professional association of radiation protection personnel
and scientists working in the U.S. nuclear power industry, weapans labaratories, and nuclear research

t establishments, issued a statement opposing the no-threshold theory.(n3) The society asserted that no
adverse effects had been observed in humans exposed to less than 108 milliSieverts, and Turther, that
below such a dose, radiation risks were either nonexistent or too smalf to be observed. Estimating the
risk of doses below 50 milliSievarts, the sodiety sald, was too speculative. The sociely alec asserted that
applying the no-threshold theory without accounting for biological mechanisms like "cellular repair”
resulted in overstatemenis of risk. -

ttwas soon clear that many of the society’s members disagreed. The society's May 1996 newsletter
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contained many dissants from that January statement. One member pointed out that the society's
statement that low doses had no health effects was in conflict with the society's simulianecus
recominendation that risk estimates not be used for low doses. Another member pointed out that the
society’s pesition sounded "more palitical than seientific”. And a third carrespondent predicted that the
statement “will harm the credibility of the [Society] 2s a radiation protection organization.”

L

Meanwhile, the American nuclear waste industry also became concerned. In July 1996, the Nuclear
Regulatory Commission was petitioned by its own advisory committee on nutlear waste, most of whose
members are representatives of industry, waming that there wauld be significant "socictal” costs if the no-
threshold posifron was adopted.(nd) In addition, the petition argued strongly against the idea of
"collective” or population-wide dose estimates when calculafing risks.

The scientific debate

Epidemiological studies, Both sides agree that studies of Japanese bomb survivors show strong evidence
of adverse effgcts at a dose of 200 milliSieverts for aduit survivors and 100 milliSieverts in the case of
children. Below that, the Health Physics Society says, there Is an "inability to detect any increased health
detriment."

But most others disagree, They cite Alice Stewart's pioneeting Oxford studies, which revealed that
chitdren whose in utero exposures were as litlie as 10 to 20 miiSieverts had 40 percent more childhood
leukemias than those who were not exposed—a statistically significant increase in risk at low doses.{n5)
Although Stewart's work, published in 1970, was long attacked by nuelear industry proponents,
subsaquent studies have supported its main findings and govemment radiation authorities now quote the
Oxford studies without caveat.{n6)

In addition to Stewart's work, 8 1895 study that paoied the resulls of seven epidemiological investigations
showed a statistically significant increase in the incidence of human thyroid cancer in groups that received
doses of between 10 and 100 milliSieverts.{n7) ’

Carcinogenesis. Perhaps more important than epidemiological studies, where there is aways room for
argument, are recent advances in understanding how cancers are triggered. Radiobiologists now agree
that cancer can be initfated as a result of a single radiation frack passing through a single cell nudleus.
{n8) Most damage to celiular genetic matesial is corrected by repair enzymes. When cefiutar DNA is
misrepaired, however, it can result in a mutation that, years later, may develop into cancer.

" And'if @ single track through a single nucleus—the lowest possible radliation dose—can cause cancer,
then any exposure to radiation is hazardous. Of course, the odds that a particular individual will develop
cancer from a particular exposure are extremely low. Still, it means that one can no longer speakof a
“safe” dose level. A more troubling problem arises if one calculates the chance that some members of a
large population—not a particular individual-will develop cancer (calculated by adding all the individual
risks).

Background radiation. Everyone in the United States is exposed to 4 1o 5 milliSieverts per year of
natural, or background, radiation from a variety of sources—radon, cosmic rays, and the nudiides found in
soil, diet, and in the bady. Individuals may also be exposed to additional radiation through medical
diagnostic and treatment programs.

Neo-threshold opponents argue that because emissions from nuclear installations are already well below
background levels, there is no reason to worry. But this argument has always assumed that natural
radjation is safe, an assumpiion that is no fonger tenable, given what we now know about carginogenesis
at the cellular level. Background radiation has aiready been calculated to cause some 4-5 percent of
Britain's cancer deaths.(nS) Similar rates occur in the United States and other countries. The Intemational
Commitiee on Radiation Protection does not use background radiation as a criterion for acceptable
radiclogical practices.

DNA damage. The integrity of a cell's DNA is constantly under assault, mostly by thermodynamic
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instabilities or attacks by chemical radicals. Because almost all of the resulting DNA breaks are repaired
with great fidelity, those who adhere to the idea of a safety threshold claim that a few more breaks pose
an insignificant risic.

But this claim ignores the nature of repair. Damage caused by heat instability or chemical radicals affects
only one of the two strands that make up the DNA; in repairing the break in a single strand, the other
strand is used as a femplate. Radiation, however, is more likely to cause double-strand DNA breaks,
which have a greater risk of misrepair.

"Adaptive response.” Many nuciear proponents point to research findings that appear to show that cells
given small doses of radiation suffer less damage when subsequently given larger doses than celis that
received no preliminary dose.(n10) In other words, they say that cells benefit from low doses in some
circumstances.

They postulate that a low priming dose of radiation may increase the number of enzymes available to
repair subsequent radiation damage. But this argumertt ignores the enormous capacity already available
for repair, and the fact that it is fidelity of repair, not the number of repairs, that is critical. The U.N.
Scientific Committee on the Effects of Atomic Radiation examined the notion of *adaptive response” in
1893, and concluded that while it was an inferesting phenomenon that ocours in some cell systems at
various stages of development, it had litle relevance in radfation protection.(n11)

The latest word

In 1986, the latest mortality data from the continuing study of Japanese A-bomb survivors was published,
revealing a statistically significant upward trend of risk with doses in the region of 50 milliSieverts.(n12)
Warren Sinclair, president emeritus of the 1).8. National Committee for Radiation Protection, conciuded
that these new results vindicated the position the ICRP took in 1991 (n13) The resuits are ancther blow to
the Health Physics Scciety's claim that there is no scientific proof of negative effects at exposures beiow
100 milliSieverts. The Academie des Sciences has conciuded that these new resuits require itto
reconsider its position on the no-threshold theory.

Three important findings come out of the latest study of survivors: on effects at low exposures, on the
shape of the doserasponse curve, and on gender and age differences in response to radiation. The
increasad statistical power of the study, with five added years (fo 1390} and 10,000 additional subjects,
allowed the authors to divide the population that received lower exposures into three groups that received
estimated doses of no more than 20, 5@, or 100 milliSteverts. . ) L. . .

Excess cancers occurred in each group, and the authors conclude that the "data do not suggest the
existence of a threshold below which there is no excess risk.” Their results are also consistent both with
Stewart's study on fetal exposures, and Thomas Mancuso's study of workers exposed at Hanford, both of
which involved low exposures. Indeed, Stewart’s study of pregnant women showed a linear relationship
down to 10 milliSieverts.(n14) (It should be noted that all the subjects in these studies were exposed to
stmilar rates of background radiation.)

Although the latest survivor study suggests a straight dose-response curve the authors also raise the
possibility of a "superiinear” relationship~that is, that the incidence of some solid cancers increases more
steeply at lower doses.

The latest survivor study also found important cancer mortality differences by gender and age at the time
of the bombing: Generally, risk dropped as age at exposure increased. Waomen were 2t twice the fisk a5
men when exposed af the same age, and children under 10 were at greatest risk.

Collective dose

The ICRP'S adoption of a no-threshold model for radiation effects has simulated renewed interest in
cafeulating collective dose. Until recently, this concept was used mainly for collating cccupational doses
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or doses to small populations living near nuclear facilities.

Twao reports in the mid-1980s provide thecretical underpinning to the concept of coliective dose. Both
reports recommended that, since radiation protection practices are concerned with the protection of the
population as whole, potential coltective as well as individual harm should be calculated.{n15) The ICRP
has also endorsed the use of collective dose: "Radiation detriment should be explicitly included,” and
"collective effective dose is an adequate representation of the coflective defriment ® The ICRP is aiso
concerned that collective dose be kept "as low as reasonably achievable,” as the regulations of most
European counfries require,

Death and mone

if the practice of calculating coflective dose is adopted, there will be great controversies over attempts to
ransiate from dose 1o detriment—that is, to calculate damages in ferms of deaths or their monay
equivalents. For instance, one can predict that the coliective doses from Britain's Sellafiefd fuel
reprocessing plant will cause 200 excess cancer deaths worldwide each year (over all future time) for
every year that Sellafield’s emissions remain at the present feval,

Cost-benefit studies may use collective dose o calulate whether it is worthwhile to carry out remedial
work or to end certain processes. For instance, if the ICRP's per-Sievert risk factor and an estimated
value of §3 million for each loss of life were used, the global cost of Selfafield's annual estimated
emissions would be $615 million.(n186)

Despite their uncertainty, the global effects of collective doses and their monstary costs should be
calculated for discharges from military and civilian nuclear facilities, and they should be included in
environmental impact statements for proposed nuclear faclfifies, nuclear waste dumps, and final
repositories.

- Such calculations will undoubtedly raise questions about the environmental costs of proposed nuclear
facilities, This concern is reflected in the opposition to collective dose measurements expressed by the
Health Physics Society and the Nuclear Regulatory Commission's nuclear waste advisory committee.

The inescapable problem for the Health Physics Society and the nuclear industry is that, as knowledge of
radiation’s effects continues to increase, it becomes mere and mare apparent that thase effacts must be
taken more seriously than once thought.

Over the past 100 years, exposure limits steadily have been tightened as more knowledge has been
acquired about radiation effects. Whether they like it or not, global collective dose estimates will
increasingly becoma a part of the language of both environmental agencies and pressure groups, and
they witl malke their way into environmental impact statements and other assessments of nuciear
operations.

(n1.) 1990 Recommendations of the ICRP, ICRP Publication No. 60, infernational Commission on
Radiation Protection, 1991.

{n2.) "Risk of Radfation Induced Cancer at Low Doses and Low Dose Rates for Radiation Protection
Purposes,” Documents of the NRPB, vol. 8§, no. 1.

{n3.) "Radiation Risk in Perspective, Position Statement of the Health Physics Society,” HPS Newsletter,
January 1996.
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MAJOR SOURCES
{in person-Sieverts)
Bl bomb tests conducted in 30,000,000
the atmosphere worldwide
The Chernobyl accident 60C, 000
Worldwide nuclear power 400, 000
production (to 1389%)
Worldwide radioisotope 80,000
production and use {to 1988}
Fuclear weapons 60,000
fabrication (to 1983)
Ten years of reprocessing 40, 000

at Sellafield
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Ten years of reprocessing
at Le Hague

The EKyshtum accident,is57

The Windscale {Sellafield}
accident, 1857

A}l underground nuclear
tests worldwicde

The Three Mile Island accident, 1379

(¥} Using & conventional risk factor of
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30,000

2,5C0

2,000
200

49

5 percent per Sieveri, it has been predicted
that the nuclear tests that were conducted in the

atmosphere will--over the next 10,000

years~~cause 1.5 million people to contract

potentially fatal cancers.

The authors suggest that reprocessing at Sellafield, on Britain's northwest coast, will
cause 200 excess cancer deaths yearly.
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Following the Windscale (Sellafield) accident in 1957, a researchers, uses a modified
household vacuum cleaner samples of air- and wind-borne dust,
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By lan Fairlle & Marvin Resnikoff
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