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SUMMARY

The Second Interdisciplinary Conference on Selected Effects of
a General War was held at Princeton, New Jersey from 4-7 October
1967, under the auspices of the New York Academy of Sciences Inter-
disciplinary Conimunications Program, with the support of the De-
fense Atomic Support Agency. The first of this series of conferences
was held {rom 18-21 January 1967 and dealt chiefly with the effects
of the atomic bombing of Hiroshima and Nagasaki,

This second confercnce was concerned mainly with the effects of
fallout or other release of radioactive materials from subsequent
tests or accidents involving nuclear weapons, The specific effects
discussed cxtensively included the effects of the 1954 H-bomb test
in the Pacific occan which resulted in radioactive fallout contamina-
tion of Marshall Island natives and of the 'apanere fishermen on the
vessel Fukuryu Maru (Lucky Dragon); the ecoloyical effects of bomb
tests in the Pacific occan test regions; and the effects of the 'Spanish
incident, '' which involved the accidental dropping of four nuclear weap-
ons, without dectonation but vrith release of radiocactive material (plu-
toniumi onto Spanish soil as a result of accidental destruction of an
airborne bomber.

Represcentatives of many disciplines engaged in vigorous and free-
wheeling discuss.on and debate of all aspects of these incidents. The
disciplines represented included, among others, physics, weapons
technology, military science, erology, epidemiology, radiation biol-
ogy, toxicology, pathology, psychiatry, genetics, other biologic and
medical speciaities, and pertinent administrative and cultural spe-
cialties,

In addition to discussion of the physical characteristics and extent
of the radioactive contamination, the radiation doses, the monitoring
and decontamination procedures, the biclogical, medical, psychologi-
cal and sociological effects of the radioactive crntamination upon the
people and locales immediately involved, the discussions extended to
broader and farther reaching psychosocial aspects, i.e,, to the chains
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of circumstances and cvents leading {rom these localized incidents
through the news media and dipiomiatic channels to the reactions of
the more complex social structures, such as the economic, political,
and diplomatic repercusrions of national and international scope,

There was much discuzsien of possible reasons {(or differences in
reaction to incidents of these kinds among different nations; the 1me-
portance of sceking answers to such questions in the diiferences in
culture, as well as in politics, was stressed,

On the basis of the discussion of the specific incidents and their
consequences, the conferces roamed the whole {ield of psychosocial
and biomedical implications of nuclear warfare in an attempt to pro-
ject the consequences of nuclecar warfare under a variety of conditions
with respect to magnitude of the warfare, anticipation of onsct, pre-
paredness, and civil and military defense policies. Interest was fo-
cusaed upcn policies and mecans which might help to prevent or to
mitigate nuclear warfare, upon the nature, scope and consequences
of nuclear warfare should it occur, and upon the problems of national
recovery after nucicar warfare,

The participants of this conference included Dr. Frank Fremont-
Smith, director of the New York Academy of Sciences Interdisciplinary
Communications Program; the ‘wo co-chairmen of the conference,

Dr. Austin M, Brues, and Dr., Arthur C. Upton; the discussion ini-
tiators for the five major subjects on the ayenda, Dr. Charles L.,
Dunham (the 1954 thermonuclear test), Dr. Robert A, Conard tthe
effrcts of fallout on populations), Dr, Lauren R, Donaldson (ecoloypi-
cal aspccts of weapon testing), Dr. Wright i, Lanpgham (the Spanish
incident), and Dr. Merril Eisenbud (discusrsion of psychosocial reac-
tions); and others listed on the following pages.
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SESSION |
INTRODUCTORY SESSION

OPENING REMARKS

BRUES: This is the second of a scries of conferences on the longe-
range biomedical and psychosocial effects of nuclear warfare,

The first canference, the proccedings af which are published in
DASA 2019-1, dealt with the situation that occurred following the
bombings of Hiroshima and Nagasaki. In continuing the general sub-
ject of the serics, we have sclected for discussion at this second
conference certain incidents of a different nature.

We have a wide variety of disciplinary participation in this confer-
ence and hope that we may be led into many aspects of nuclvar war-
fare in conncction with the subjects uncer discussion. Dr. Arthur
Upton and I are acting as co-chairmen of this scrics owing to the
reluctance of either of us to assume the full responsibility, in view
of our frequent unavailability between conferences, at least thai is
what we have found.

FREMONT-SMITH: And [ have found it viith respect to both of
you! {Laughter]

BRUES: [ would like to ask if Dr. Upton wishes to make a fow
remarks.

UPTON: Thank you, Austin. | really have little to say except to
voice my plecasure at being herc again and sceing gathered here es-
teemed and admired friends and collecagues.

When 1 first heard from Dr. Mremont-Smith and D, Iirues about
this scries of meetings and was asked to help as co-chairman, | had
very mixcd feclings. [ felt the issue vas one of such overwhelming
importance that anything | could do to help deal with this issue would
be effort probably well spent. At the same time, the issue is one of
such scrious importance that I worriced about my ability to make a
dent in the problem.
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I can only say that coming her» again today and looking arcund the
room and seeing ithe people who are also here fills me again with hupe '
that perhaps out of this discussion something may, indeed, be accome-
plizhed. [ hope, as co-chairman, that I may be able to serve as a
little bit of a catalyst in helping the miceting to be a succesr.

BRUES: I think it is to be anticipated that at this informal mecting
both the medical and social aspects of the subject will be under dis-
cussion concurrently, :

I woutd like next to hear comments (rom Colonel Hemler, who
actually is the one wha developed the idea of having this serics of
conferences,

HEMLER: Thanw you, Dr. Brues. Actually, you attribute too
much to me, in view of the efforts of two other members of this
conference, Dr. Taylor and Dr. de boer. As linentioned lzst year
at the first conierence, | was more or less a catalyst between those
twe men. ‘ ' V '

The conference idea was actually a serics of idean developed byi
Dr. de Boer in Albuquerque, and by Dr. Taylor, who was, at that
time, the Deputy Director for Saience Technology at the Defense

" Atomiic Support Agency in Washington, D, C. Dr. de¢ Buer caught

me unaware when | was on a trip in Albuquerque, and approached
me with the idea of talking to Dr. Fremont«Smith about his [nterdis«
ciplinary Confercnce Program, At the same tinie, Dr. Taylor had
cunsidered the problemn that we are faced with today, a problem
which is probably miore tar-reaching today than at the time of the
First Interdisciplinary Conference in February 1967 The problem
is that of the vast numisrs of people around the world who fall gen-
eraily into onc of two extreme camps: those who believe that the

“on the beach™ pnilosophy exists with respect to nuclear warfare,
and those who believe that this iy simply another weapon o the vattle-
field that can be uscd with relatively few long-range aftereffects.

If I can steal a little bit of your thunder, Dr. Brues, as [ remember,

-you said at the first conference that the unswer probably lics some-

where in between,

The purposce »f the conlerence, then, is to gather some of the
people togethes from the several disciplines in aorder to exchange
some of the spedialized knowledye that we atl have, in hopes that
perhaps we can arrive at sonie conclusions as to exactly wherethe
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in-between is and, if we cannot arrive at the conclusions, that per-
haps we can pin down the questions more definitely,

! won't take much more time here, | would like to mention that
we, i DASA, are still firmly for the idea of the conference scerics,
However, I am sure that all of you have been veading in the napers
about the budgetary problems that the Guvernnent is having at this
time,

Even with this type of budyetary problem that faces us right now,
we definitely will o for a third conference. [t is hoped that we can
continue on to complete the seriea. [f not, we would actively support
some other Gouvernmental or non-Governmental agency in continuing
with the series because we feel that it is extremuely desirable and
necessary.

The first two conferences serve primarily to acquaint us with
the facts that have occurred in the past. The succeeding conferences
are designed to try to extrapolate froni these facts, plas a few assump-
tions, and to sve how we can make these meld with the questions and
the conclusions regarding lorg-term cffects of gencral nuclear war.

BRUES: [ azsume {rom this you are not suggesting that it is ap-
propriate for us to discuss here where the Government should pat its
money, We would probably have little influence in this matter!

[ Laughter) .

HEMULER: [ certainly agree there, We're not even sure that we
have any influence ' [Laughter] Perhaps [ should say we are sure we
do not have any influence.

BRUES: Dr Fremont-Smith, we would like to hcar some diacus-
eion {rom you,

FREMONT-SMITH: Well, [ also want to welcome all of you, those
of you who have been here before and those of you who are here for
the firsi time.

It is a delight to me to have the opportunity to facilitate our being
here together. Some of you ma'y remcember that at the previous cone
fecrence | went through the mmotions, which 1 like to do, of removinge iy
coat. These are going to be informal conferences but there should be
a bit of formality at the Leginning., [ usually get a smile out of that.
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I think that Arthur satd that we would hope that we would make a
dent in the problem, but | think that one thing we can be sure of is
that the problem will make a dent in us or oa us, a big one, snd |
think it's quite necessary,

It's quite an assignment that we have before us, particutarly in
view of the fact that there have been so few nuclear wars Yor us to
estrapolate from. However, we ought to be dented, I'm quite nure,

The conference pattern, for those of you who haven't been here
before, in based on the kind of conference procedyre that was devels
oped in the Josiah Macy, Jr. Foundation, and | have been continuing
that first in AIDS and now with the New York Academy of Scicnces.
This is to provide a forum for what does not ordinarily take place in
scientific meetings, that it, a real digcussion in depth among a group
of people who come from very different backgrounds .f training.

We belicve we have made a great rediscovery and we are waiting
for the Nobel Prize Committee to decide that Nobel Prizes are given
for redinscoverica. They haven't shown any signs of doing this yet,
but wc are very patient, The rediscovery is that people communicate
with one another not by speaking at but by conversing with, | am sure
that all of you are aware of the fact that at maost scientific meetings
there is no conversation with the chairman as the discussion starts.
At the end of the mosning he says he hates to interrupt this fascinating
discussion bul unfortunately we are twenty minutes behind on our
agenda and | must call on Professor so-and-so to make another state-
ment at you. But a good active discussion in the form of bull aeasions
doces take place in the corridars, in people's rooms and in the bar,
and often tiais is the most revarding part of scientific scessions. So,
we thought, . why not focus on the rewarding part’ This is what we
try *o do her., that is, to bring the bull session point of view of the
corridors and the prople’s rooms and the bar into the conlerence
room. [f anybodar feels very impelled to make a speech at our con-
ferences, we send him to the bar' [Laughter} lhat works not too
badly. ~

Other than that, we belic e in conversation and, as all of you are
aware, thes heart of conversation s interruption,  So the mood of our
conferences is, don't speak when 'm interrupting. This is the way
it will be. | want to warn our sdiscussion initiators that, in spite of
the fact that one of vur co-chatrmen n.ay ficve 1nvited therm to be pre-
pared to talk tur not more than half an hour, th. ¥ will be interrupted.
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It may happen at the earliest words that they say, or even belore they
start to spcak, but we hope that they will be prepared for this and know
that they can interrupt the interrupters, maybe.

The job of the discussion initiator i» not v iU the others what be
thinks they ougiit to know, but rather to evoke fron* them their ques-
tions in terms of chat they need to know, because they know better
than anvone clse what their needs are. This is the essence of what
we are after.

We are dealing, as all of you are even more aware than I am,
with an intormation explosion. We are told—and the figures are not
very accurate—that there ace more than 20,300 articles published
in journals 1n the bio-scientific ficld per year. lhe figure on the
number of journals is very inaccurate at the moment, but they are
showing up fairly rapidly. 3o, there are many, many journals, and
many, many articles, and it's absolutely irapossible for anybody to
be up even on the narrowest field, or at least be sure he is up~to-
date, because he can’'t be sure whiat's been going on in Argenting
last weck or what will be going on in Gueneva next week which may
bring out some inforination that he had no idea of at all.

BRUES: All | meant by my warning to the initiators, Frank, was
that they should not have morce than twenty or thirty minutes worth
of gasoline in their tanks' {Laughter]

FREMCNT-SMITH: This is absolutely fine, but thia gasoline is
to be spread over what happens when you're driving in a crewded
city. It will be a stop and ga sitaation: bumper te bamper. [ thoak
we are twerity-twa, maybe twenty-three people here, If cach prrson:
here shook hands with everybody else once, who can quickly come
up with a figure of how many handshakes would have taken place?

It won't take you very long. Anybody?- :

CAY RES: One-hundred and 'uncty if there are h\enty people —
(20 x lQ) .

FREMONT-SMITH: This gives you ar idea of the number of pos-
sible interactions. i everybody apole once, there would be many’
dialogues that would take place, and we hope ‘that several of vou will
spcak more than once. So, this is the opporiunity, aad it's really
quite surprising how many interactions there are. Nat all verbal,
either.
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Now, 1 think I ought to tell you that t have a secret weapon, If1
get caapght inan argument and {ind that ! am being worsted-.and this
does happen sometimes—then I tarn to my opponent and [ ask him in
the nicest voice, "Now, would yecu mind repeatiag your basic assump-
tions?" It's surprising how few of them will remember what their
basic assumptions were. 5o 1 usually have them at that point.  But
I ought to confess also that one of my bhasic assumptions is that naturc
is all of one piece, and that with the mass of fragments of informa-
tior mouring in from all the rescarch outposts on the periphery of
knowledge, it's poing to become increasingly necessary for us to put
time and energy into the re-integration of these fragments of infor-
mation 1nto meaningful wholes, meaningful in the sense that these
wholes will have some bearing on the problems that mankind is faced
with, whether in the sciences or in the social spvhere or in artistic
arcas, also, This re-integration, to be mmeaningful, must be multi-
disciplined,

I think that | might confess that [ believe very deeply that the whole
advance of science and ot civitizatien requires an entirely different
tevel of effort, time, and thought on comnunication, and cspecially
on the mualti-disciplined communication, and we're not organized for
it. There are a few other conferences run along these lines but they

~arc very few aad far between, and it is relatively a srnall amount of

intensive cross-disciplined communication that takes place either in
our universities, in our federal agencies, or what have you.

¥ may have given the following illustration at the last conference,
but if you don’t mind ['H give it again. At the White House Confer-
ence on Education three years ago, I think, John Gardncr was the
chairman. [ think it was just before he was made Scecretary of Health,
Fducation and Wellare. In fact, somebody said that he was made
Secretary because he did so well at this conference. Anyway, at
this conference on education, Dr. Gardner begged the conferees, the
several hundred that were there—and I wasn't there—to take, as he
put it, big barracuda bites of the problem of education because it was
in such a desperate state.  The reparter who wrote this up in the
Saturday Rcview said that although some such interactions, vigorous
interactions, on the problem may have taken place in the carridors,
the community of cducators was apparently not organized to enter
into this kind of interchange, and that the White House Conference
itself scemed to be much more like a game of golf in which cach per-
son cuntinued to hit his own ball, as opposed to the game of tennis in
which the ball is tossed back and forth across the net.
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Well, in our confercnces we believe in mixed doubies and we are
very glad you are here for that reason. We do toss the ball back and
forth acroas the net, and | think this is the only way in which the
necessary communication adjunct to all the computerizing and to the
reading can be fulfilled,

BRUES: Where is the net?

FREMONT-SMITIH: Well, the net is alightly visionary bat it is
right here, there's no question about it. [t's a kind of a curved net
and it's also one that moves around and shﬁtq it's position {rom time
to time,

1 will take one more minute to ask you to just consider the differs
ence between a speech and a conversation. Now, ['mi the only person
who is allowed to make a speech here and cven I'm being interrupted,
thank God for that. I'm glad of it, But in a speech, unless a person
is one of those rare birds like George Wald who can just capture a
whole group of people and carry them with him, ond makes a series
of statements which are bound to be misunderstood, or hiicrently
understood, by the majority of the people in the audience.

The audicence also, if paying attention to what is being said, is
bound to have a number of ideas, challenges, doubts. But, since it
is not polite to interrupt when someone is making a speech, excepting
in my case, all these ideas, thoughts, doubts that come to mind
have to be repressed. This is why listening to a speech s 50 ex-
hausting. You spend all your time and ¢nergy repressing every idea
you have or else you scttle down and docdle and think aboeut some-
thmg else, which isn't very cffective.,

Now, in'a conversation, of course, you've got something clse.
You've got a mutually corrective fecdback system which kecps the
pcople in the conversation on the same wavelength or lets them know
very promptly if they are not on the same wavelengtn,  In the speech’
there is one person in the room who really pets satizfaction from the
speech, and that is the man who is making the speech, ccante he
hears himself saying what he plans to say, the words come vit very
much as he planned to say them, and there is a tremicnoous amount
of reassurance and satisfaction, | sce Jelle 18 shaking his head,

DE BOER: That's not true., I've tried to make specches ana
they never came out the way | planned them! [Laughter} I wish it
were true, but go ahead.
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FREMONT-SMITH: You are unique, anyway,

I think I've said enough to give you a picture of what we're after,
{ did want to mention one point, and that is that we try to do a com-
bination of two things at unce, We try to have the maximum of {ree-
dom of interchange, that is, people speaking perfectly spontanecusly
and not holding back, and interrupting when they feel hke it; and, on
the other hand, the interchanges are so exciting that we want a record
of them. In order to have a record of them without inhibiting the
interchange, we have 1 stenotype reporter here with us who is taking
downweverything that we say, 1lut, if you want to say somethiag off
the record, if what you are going to say about somebody is so awlul
that 1t has to be off the record, you just say “off the record”’ and
y ' will see that the repurter will caise his hands and not take any-
thing duwn, However, ! beg peaple to keep it on the record because
before publication each person will have an opportunity to delete
anything he wishes he hadn't sard, ur to improve or otherwise mod.
ify it,  You can't modify anyone e¢lse’s remarks but your own., Over
the years—and | 've been at this business for some {orty yecars—we
have found that this systenmy works out fairly well,

{ would mention one other thing that 1 believe in, and [ think this
goes along with something that you said, John, about getting out all
the facts that cune from the past. ! think that the half-life of facts
is getting sirorter and shorter. 1| think that this is a very important
point to keep in mind, that (acts are not very steady, In f{act, ! often
challenge anybody to produce any two facts, or any fact for that mat-
ter, that isn’t based on at least three unproven assumptions, There-
fore, we will perhaps trey to get a little bit behind the assumptions.

In a group of this sort, with this kind of interaction, you do get
some new agreements and these are quite usceful. But even more
important 1s the specification of the nature of the residual disagree-
ments., {f you can specify the nature of a disagreement you often are
"on the track to its resolution. Very often the reaearch that is neces-
sary for its resoiution, the new teamwork which is necessary, be.
vomes sclf evident, or it may be that there is no technique tor re-
solving the issuc and you know that you have to put it aside for a
while until the technique is developed,

The other thing that happens is that you get to know each other,
that you become fricnds, that some of you even coaperate with cach
other, | have known people who have mct at cur conferences who
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visit sach other, have shared cxpericnces and even have warked to-
gether on a common problem from different disciplinary points of
view, In many respects this is perhaps the most rewarding aspect
of these conferences, that is, the human relations that take place in
the room,

Well, I've talked too much already; | thought { would be interrupted
again before Jong, but § wasn't, So now, Austin, | turn it back to you
and Arthur,

BRUES: !think there are some other questions that need not be
discusaed,

FREMONT-SMITH: Do you want to name them”

BRUES: Such as what is the consequence of deleting the question
and inciuding the anawer or deleting the answer and including the
question’

FREMONT-SMITH- The editor's responsibility is to deal with that
terrible difficulty,

SELF-INTRCDUCTION

BRUES: We come next to the self-introduction of participants, We
feel that it's useful for everyone here to hear a description of each of
the other participants in his own termas. | would suggest, in crder to
simplify this, that we start at one place and proceed around the table.
May [ ask Dr, Bustad to nake his sel{-introduction and then we will
proceed counterclockwise,

FREMONT-SMITH: We would like you to tell us a little bit about
who you are and how you got that way.

BUSTAD: My name is l.eo Bustad, and I am a Professor of Radia-
tion Biology at the University of California at Davis in the Physioclogi-
cal Sciences Department, [ am also Director of the Radiobiology
Laboratory. Prior to coming there two years and thirty-four days
ago | spent sixteen years at the GE Company, Hanford Laboratories,
which was taken over by the Dattelle Northwest,

SPEAR: There's a certain risk of being repetitious to those who
were here before and also to those who were not and who found
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thermselves unable to resist curling up with the little brochure that
was sent out by Colonel Hemler's group, But [ will run through it
briefly. Among the largely irrelevant endeavors that have resulted

in my being here, I was an English major at Yale in 1932, a very
pour year for English or any other majors; this was foliowed by two
quiet years of sitting alone and reading on an old abandoned farm,
Then [ went to Syracuse where [ took my Master's degree in public
administration. Then there were about nine ycars of working in the
public welfare ¢ ~'d, followed by a brief hitch in the land-locked Navy,

Then [ went in * Federal Government where first I was in a very
improbable office, the Foreign Relations Service of the
Veterans' A -ation. 1 first ran into Staff Warren and Chuck
Dunham in |+ ~nen I went with the Federal Civil Defense Adminis-
tration, .

[ beat my head against a stone wall in one way cr another until a
few years ago when I moved out of povernment and went with Public
Administration Service, which is a2 corsulting service that works only
for government., My involvements therc have been largely irrelevant
to our discussion here,  I've been concerned with such things as local
building codes, the education of the deaf, federal grants-in-aid to
states, the use of data processing machinery in vocational educational
schools and things of that sort. But at one time in government | wasg
with the Planning Board of the Naticnal Security Council and engaged

"in an enterprise of which this conference reminds me very much:

the human effects of nuclear weapons development. .In this. two of
my colleagues were Frank Fremont-Smith and Staff Warren, and I'm
sure thai my involvement here is somehow or other an outgrowth of
that,

I would say that iny pleasure at being herc at the second conference
is heightened by the realization that George Casarett will be editing

this series! [iaughteri So, my responsibility ends with the discussion.

WARREN: Well, I'l1 try to make mine brief. It's a little difficult
because [ am the oldest one here, of course, and l've been in the
radiation biology field, . . ‘ '

FREMONT-SMITH: You're not quite as old as I am, Idon't think,

WARREN: You're just a young squirt in my mind! Indestructible
is what you are, Frank! {Laughtcr] :
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I've been in radiation biology and similar aspects since (918, I
recall the conference that Ralph talked about because Frank was the
chairman and we had delicious arguments, and [ think it's probably
one of the early conferences in which you used this discussion tech-
nique. Of all things, we had a poet there., How a poet, . .

SPEAR: A philosopher, too,
WARREN: Maybc a phioscpher.
FREMONT-SMITH: T.V, vaith.
SPEAR: Yes,

WARREN: Well, [ got into the Manhattan District through devious
channels, from my standpoint, and became the medical officer during
the war, [ had to develap safety around the vperations in the plants
and in the mining industry that was connected with it, and also I had
to sct up the medical programs in the so-called “secret cities. " |
met this gentleman on my right, Wright Langham, at Los Alamuos,
and, of course, at Bikini later Dr. Corard over there was in the
right spot. [ looked at the movies here a couple of months ago and
you were quite young and vigorous looking at that time! {lauchter)

FREMONT-SMITH: Isn't ne nice!
UPTON: You are indestructible, too, Bob,

WARREN: Well, then I had the bad judgment to become a Dean
at UCLA with the idea that [ was going to put research on a legitimate
basis in the medical schoel, which [ think 1 did., Expensive space for
biomedical research is taken for granted now,; it wasn't in that day at
the Universit, of California.

Now I'm ia a very favorable position: I'm emeritus and [I'm an
unregistered graduate student in palco-radiation-bivlogy. ['ve re-
viewed my math and physics and a little bit of this and that, It re-
minds me of a story which I think maybe soime of you have heard,
and it's part of my paleo-radiobiology.

Talking about Noah, after be got all the animals safely ashore, he
“encouraged them at the last conference to go now and reproduce ard
multiply, They all filed out and a few months later he went around



M

12 DASA 2019-2

'noking and there was due multiplication everywhere except among a
pair of snakes who wers speciclists, They were adders, and he en-
courapged them but they had not done ;. ything. S¢, re was kind of
sad, went away, came back about four or five months later and saw
Jhat they had multiphied, He said, "Well, isn’t that wondertul”” And
they said, "Yes. You know, we're adders, Lut we found out about
logarithms, that you can multiply ! [Laughter]

LANGHAM: . I'm Wright Langham cof the Los Alamos Scientific
Laboratory where I've been now {or some twenty-fuur years. After
a year or so with Seaborg at Chicago | was transferred to Los Alamos
where 've been ever since and where [ migrated into the biological-
medical aspects of radiation. I've never had a chance 1o admit pub-
licly before that one of the principal things [in proud of is that | con-
pider myself a prnl{-g:f of Dr. Warren sitting on my left,

WARREN: Was [ respensible for that! [lLaughter]

LANGHAM: He tauzht me many things. This does not mean !
always apreed with him; in fact, [ just noted here that the first time
I disagreed with him was on ebruary 12, 1945, [ am happy to ac-
knowledge at this time that I am proud to be his ptotggé.

WARREN' I learned a great deal from him., You can't imagine
the vacuum, the inteliectual vacuum, that existed when those of us
responsible for the safety of the community gathered together in
Alamogordo with really no information on what was going to happen,
The guesses and the facts put together by Wright Langham, Jim
Neolan, lLouis Hempelman, Jack Hubbard, Joe Hirshfcider, and the
late Paul Abersacld, a most unrecunstructed group who, as General
Farrell said, must have used a divining rod to guess the weather,
came out right; a homogeneous group of neomceteorologists,

The picture that was created by this group, it seemed to me, wae
pretty close to the facts that happenecd later, and they worked out very
well, [ have to thank buth Wright Llangham and Bob Conard for their
coniributions at Bikini. The chairman, Frank Fremont-Srmith, of
course, is notorious because he collected radivactive sodium scawater
72 miles downwind from the test sitc. e got there just in time, to
the horror of the captain of the ship.

FREMONT-SMITH: The rainwater.
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WARREN: Well, it came down in the rain but it was uplifted from
the lagoon, In retrospect it was very intercsting but at the time it
was pretty rugged,

CASARETT: I'mi George Casarett. After undergraduate studies
at the University of Toronto [ came back to Rochester, which is my
home town, and went to work in Staf{ Warren's b:o-physics division
in the Radiology Department at the nm:dical school there, [ also did
my graduate studies in the medical school there., I was one of those
who was infected by Dr. Warren's enthusiasm for research. Then
! worked in the Manhattan Project laboratory at Rochester and sub-
sequently in the AEC Atumic Energy Project which became the De-
partment of Radiation Biology and then later the Department of Radi-
ation Blology and Biophysics, in which I am a Professor, [ havea
sectic: of radiation pathology in that department and also in the Radi-
ation Therapy Division of the Radiology Department,

MILLER: [ am Robert Miller, and | arrived in Rochester after
Dr. Warren had left, too late to beneflit from his presence.

I am a pediatrician by birth, and upon completion of my training
in that discipline, I spent a post-doctoral year sponsored by the
Atomic Energy Commission, which was trying ta fill doctors quickly
with knowledge atiout radiation medicine. [ then had to enter the
Army, which did not know what to do with me. So they assigned me
to AFSWP, the Armed Forces Special Weapons PrO)ect which |
understand is now DASA.

Subsequently, | went to the Atomic Bomb Casualty Commission in
pediatrics and later in a study of the effects of inbrceding on child
health, That cxperience led me to epidemiology, whatever that-means,
and to the National Cancer Institute where [ arn in charge of the Epi-
demiology Branch,

FREMONT-SMITH: Jelle, you t#1l us a little pit about how you got
involved in the very begmmng of this, too.

DE HOER: { don't know where 10 start. Jelle is the name. It comes
from 'yellow, " [ have been told. [ have never been at the Nevada Test
Site. These past couple of months, { have reviewed what happened at
the Bikini tests, and read quite a lot about what occurred during the
"l.acky Dragon’ incident, This is not why [ am here. [ am here be-
cause I am working with a group of younpg people who are instrumental
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in making better delivery systems for nuclear weapons and better
fusing systems ‘o detcnate them, arnd in devising better strategy 2nd
tactics for their use. Most of these voung people—and not all are
that youn) —~have not had the privilege of seeing what these weapons
can da, Yet, there seems to be an tacreasingly enthusiastic mood
about using these newly dewnigned and packaged weapons, which are
of great varicty, design, and yield.

This i# what concerns me. This iv why { am here. 1 may not be
the oldest here but having had the experience of being bombed during
Warlkd War 1, I am of the opinion that o7e¢ major war during anyone'y
lifeiime in just about enough, Now, | kn.w scmie of you here already
may have gone through two wars and you sure won't ask for a third
one. Yect, [ am convinced by all that U sce, hear, and read that un-
less we as "scientists” of different feathers start looking into this,
we may just pct that war that none of us wants,

Most scientists become increasingl, specialiced while losing, to
an ever-increasing extent, contact with the world inr which they live.
In applicd rescarch—~research I am engaged in at the Air Force Weap-
ons laboratory~things often seem to be the reverse of what 1 just
said. Iere as a student of reproductive physiology and endocrinoloygy,
[ have not had a chance to do any work in this field of science, but
rather spend my time studying the effects of nuclear weapons on inte-
grated biological systems, We are to determine what really does
happen after a weapon has been used. This particularly in terms cf
when, and for how long, where, and over w'iat range, and how, i.e.,
how quickly dones a man get killed, and if he doesn't get killed, what
has been done to him in terms of his potential as a soldier” To put
it in other words, can he stil) be used’ i not killed, and having a
chance to live, what arc his chances, and are they goud enough to
send him to the medics who "suppnsedly’ know what to ue with him in
terms of treatment.

Gentlemen, the facts are that the me-dical profession, in general,
knows next to nothing about the treatment and care of radiation dam-
aged biological systems. Granted, many medical doctors working
in research do krow. Dr. Conard'a work is an excellent example,
He and his team have gained tremendous knowledge about what hap-
pened and can happen from their studies on Nagasaki and Hiroshima.
Yet, somchow or other this information does not enter into the medi-
cal school curriculum and our young M, D.'s graduating from these
institutions know hittle or nothing about it. Scermingly to them and
those who tcach them, there are more important things to know about
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and specialization in ti.e more profitable branches of medicine coften
enters into consideration,

So from where | am sitting, it appears very important that we not
only lock at and evaluate the long-range effects of nuclear weapons.
After all, this has alrcady been done and is recorded in the publica-
tions of Dr. Robert Conard and many uthers, But, and perhaps more
important, we should look very scriously ot the chances of using
similar weapons again. Many think at this time, more than 20 yerars
after the bombing of Japan, that we should he able to put befure those
who are charged with the responsibility of the uses of such weapons,
what the consequences of their acticns might be, Gentlemen, Tam
afraid wc are not preparcd to do this as yet, Moreover, [ feel that
this can't be done by the biclogical or medical profession alone, I
think this has to come {rom a reasonable coivensus of opinion ex-
pressed by the scientific community, i.e., a ccmmunity which in.
cludes the physicist, engineer, social and natural scicntists, both
military and civilian, Why” Because now thesc scientists and cngi-
neers compete with cach other for the dollar which supports their
individual interest rather than cooperate with each other on an appar-
ently less profitable and more complicated venture which would be
in the common interest. In doing so they are leaving our exposed
flanks increasingly vulnerable,

How can this interdisciplinary scientific commnunity attain their
goals? I think these conferences in which we participate today could
be a beginning. The end-product of these conferences has the poten-
tial of showing clearly the urgency of the problem as well as contain-
ing sorne basic suggestiona as to how the problem could be solved,

1 know that this is an urgent matter and one which will not be solve |
when diacord and distrust prevail in the scientific community. We,
as scientists, cannot afford much longer to put self-interests before
the Nation's interests, We must grow mature enough to admit that
sometimes we may have been wrong; that in science there are no
short cuts; that we nced each other; and as a group, we must L~ able
to relate to those who govern us what the lack of certain knowledy~
may have as consequences, Then, and anly then, can those who are
now in power make intelligent judgments in aasignment of priorities.
I hope we are not too late, ’

Dr. Frank Fremnnt-Smith urged me to think of clear-cut justifi-
cations for holding these conferences and to be sure to know my as-
sumptions. Well, gentlemen, these are my assumptions:
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1. We have a lot of misinformation,

2. We don't know enough about the rifects of nuclear weapons
an man,

3. We do not have an infinite amount of time and monev to do
romething about thia lack uf knowledge,

4. We need priorities, not only in the biological or medical
sciences, but priorities in terms of all scientific purauit,

5. We do not live in a vacuum, nor can we., We need each
other,

These anterdisciplinary study groups, with follow-up research sug-
gestioay, may be the Leginning in providing some answers and may
sveatually prevent a holocauat, [t is not an impossible task, at
leasi 1 like to think it te not. :

TAYLOR: I'm Ted Taylor. [ spent most of the war going to Cal
Tech ax a Navy apprentice seaman, After the war was over | went
to the University of California. and in 1949 [ went to Los Alamos
and spent seven or eight years there working on the design of nuclear
weapons., From there I went to General Atomic in San Diecgo at abaut
the time it was formied and spent six or seven years there, mostly
promoting a scary project that many ocople didn't like: propelling
big apace vehicles by a series of nuclear explosions, From General
Atorric [ went to the Pentagon and worked two years in DASA, 1t
was at that point that somehow several people sunultaneously got
on to the idea that a collection of pcople more or less like this group
here was a gond collection to get together, probably several times
aver quwte 3 long time, )

The main sorts of things that t had in mind in thinking aoout this
had to do with possible things that the Defense Department might do
that it was not doing and that would e the result ¢f more detailed

-understandiag of what the long-range effects of various types of nu-
clear war might be., [ still Yelieve that there are some things that
would Le rational thines 1o do that are not now beinp done and that
are difficult to do without knowing more about what the long- range
effects might be,  T'he kinds of things [ have tn mind are such thines
as changing the way in which missiles are targeted so that, for exam-
ple, instead of mostly coing off on the grovad, they would o off in
the air in such a way as to produce ednentially nechigible local fallout
but aould disperse the fission products all aver the atmosphere, |
don't know of anyone who has said that he thinks it's clear which type
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of fallout is worse for humanity as a whol!e. Obvicusly, it's not a
simple question even to phrase, let alore to answer., But there
are some things that could be done to change the character of the
strategic forces that we have, and that might be aensible things to
do if we knew more about what these lning.range effects might be.

Parenthetically, [ want to point out that ir. some cases a threat
of retaliation against a country for a surprise attack or an accidental
start of war is likely to be somecthing which, if carried out, would
do severe damage to countries that border on the country attacked.
If we do as [ helieve i» now planned, such side effects probably
could be avoided. [ think they should at least be understood as well
as possible., | want to emphasize this because DASA's interest at
that time—and [ think this continues—~is to some extent coennected
with what might actually be done that is not now being done. Such
action might ilow cut of a rationale that cornes out of these meectings.

[ left the Pentagon in September, 19066, and went to Vienna, essen-
tially uri my own, because of very strong compulsions to at least try
to understand what was going on in an attempt to control nuclear
energy on an internatioral scale, [t seemed ta me that the hest
thing to ¢o was to go and [(ind out what was being done by the agency
that at least nominally had the job to do this. So I've been there for
about a year, originally as a consultant to the AEC on a day-to-day
basis, and for the last six months as 2 member of a company that
has one full-time technical emplo;ee.

I am working essentially entirely on what peop.e call safeguards,
that is, the formal attemot to try to establish some kind «f cuatrol
over plutanium or Uis o prevent it from getting in the hands of
people who might use it for purposcs other than those for which it
was originally intended. Some of what has developed in Vienna in
the last v .ar, at icast that ['ve been exposed to, has some bearing
on what [ think is happening here, in the sense that the likelihood
of nuclear explosions being detonated for destructive purposes |
think is increasing witk time, not decreasing. There is at least cne
reason for this, and that is that the material vut of which these things
can be made is being disparscd all over the xrorld in a “way which ia
not at the moment under sufficient contral to prevent any determined
effort to use this material for making nuclear explosives.

The thing I've been cuncerned about most is not the proliferation,
in the usual sense, of military stockpiles of weapons, bu! the use of
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nuc.ear explosives by people that don't need to identify themselves
to have their purposes served. The reason [ think this is extremely
important, and even has some bearing on our meeting here, is that
one way in which deterrence—which [ think all of us would agree has
produced the stability that has ¢xisted since 1945 with respect to
general nuclear war~might fail is that the 2ttacker be unknown. As
soon as the attacker is not known, the whole concept of deterrence
disappears. One way for attacker not to be known is for the attack
to be based on purposes that arce well served if the attacker doesn't
have to identify himself.

I have followed to some extent in the footsteps of Fritz Zwicky.in
using what are called morphological outlines to try to sum up the
number of ways in which a threat might be made without the threaten-
ing organization being identified, and my outline at the moment is
capable of generating 1035 possibilities. So I'm somewhat dismayed
about any notion of control that requircs undex standlng all of the
things that people might do.

I think we have to understand what the end effects may mean. |
think this is part of what this conference is about, and [ think we also
have to find a way to keep the basic material out of the hands of peo-
ple who could use it for their own purposes. That's what ['m up to.

AYRES: I would be delighted to pass up my opportumty to talk
and hear you explain this factor of 1035,

TAYLOR: Well, that can be done at some point. Do you want me
to explain it now’

AYRES: Maybe not.

My name is Robert Ayres. [ suppose I ought to start at the be-
ginning., I thoughtof starting at the end. [ studied mathematics and
physics despite the fact that I can't multiply. I spent several years
jumping from university to private industry and back to university.
I went to the Hudson institute in 1962 and spent four years there
spending most of that time worrying about long-range effects of
nuclear war. This was work supported by the Office of Civilian

Defense.

Parenthetically, I micht add that the only reason I knew about this
proposed series of conferences and, as far as [ know, the only infor-
raation that DASA had about the OCD {Office of Civil Defense), came
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about because I happened to walk into Dr. Tayler's office to ask him
on behalf of the Committee on Emergency Planning of the National
Academy of Sciences what resrarch DASA was doing that was pertinent
to emergency planning., 1 was also asking many other sgencies of the
government the sarne question. 5o he told me what they were planming,
which [ found very interesting,

I've spent some years thinking about these problems, but nnt to
the depth that [ hope some of you will be able to carry the discussion,
I didn't specialize in any of the subjects which one needs to know, |
was a physicist but [ didn't specialize in weapone desigu. 'm nat a
biologist nor a doctor, So I feel very much a lightweight 1n many of
these discussions.

Perhaps the major purpose of the study we did was to identily
questions., I'm not sure how tuccessful even that was. Since our
last conference | nave left Hudson Institute—and this outline is now
out of date, ] occasionally share an elevator with Spear. [ work
with Resources for the Future, and I suppose the most accurate
description of what I'm doing at the present time is studying envi-
ronmental pollution,

HEMLER: I'm Jchn Hemnler., [ suppose, Dr. Warren, vou can
call me a kissing type poet! [Laughter] However, at the time that
you were detonating the {irst weapon over Alamogordo [ was deliver-
ing newspapers in Carlshad just across the mountains over there,
and ! might say that was my start in nucicar weapons then,

WARREN: Pretty good contact.

HEMLER: Really indirect contact, Shortly after the war [ went
to West Point, graduated from there in the carly fifties, and the
Army abgorbed me into its overwhelming regimentation {or the next
E few years. In 1954 they decided to release me for a while, and I
o © went to graduate school at the University of Arizona where | obtained
: my master's degree in physics and mathematics. Then the Army
@ pulled me back into its fo'd again, 1 worked with the Nike-X program
3 for three years under the Arimy jurisdiction, primarily in the war-

) head development area. [ was loaned then to the Atommic Support

- Agency in 1961 and 1262 (or, they called it then, "a thirty day’’ per-
‘ iod, to participate in the 1961 and 1952 test series in Nevada and

: . the Pacific. This begin in late January of 1462 and the "thirty-day”
period was over in late November of that same year, but I did get a
chance to see many of the tests that went on,
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From there I went to Korea and continued my work in weapons,
only at this particular time [ was concerned with the targeting as-
pects of nuclear weapons. [ returned from that and I'm now with the
Atamic Support Agency in the Office of the Deputy for Science and
Technology. As someone mentioned a few minutes ago, this is the
new name for the old AFSWP, or Armed Forces Special Weapons Pro-
ject whiclh divided out of the Manhattan Project back in 1947,

We are concerned with the overall management of the Department
of Defense Effects Rescarch, laboratory research and test programs
that are going on in Nevada and in the various laboratories all over
the country, both governmental and private. We work with the Atomic
Energy Commission, We also work with many private contractore,

IR L ga Y

SR

WYCKOFF: I'm Harold Wychoff, presently at the Armed Forces
Radiobiology Rescarch Institute at DASA, [ suppose when one gets
to my age, one can look back and wonder why one's interests have
taken a particular direction, Major changes of interest may often be
traced to a particular environment or acquaintance., When [ attended
high school, i lL.ccame interested in electrical engineering, This in-
terest was aroused by the presence of a small radio broadcasting
station belonging to the school and built, maintained, and operated
by the students. My participation in this fascinating activity did much
to sha: ¢ my future. Electrical engineering continued to hold miy in-
terest through my first year at college. At that time the broader
horizons and close contact with graduate students in the ""purer’” sci-
ences influenced my plarning for the future. During thia time, |
considercd both chemistry and physicer as possible majors and ulti-

. mately chose the latter.

The subject for my thesis was in the area then called "modern
physics.” The high voltage source reguired for it was only available
at one of the local cancer clinics, Hence, | hecame interested in what
is now called radiological phyreics, When [ graduated it was a natural

2 :

' step to the National Burecau of Standards (NES) where the radiation

%, standards tor such work were being developed under the direction of
b lLauriston Taylor,

£

T

This more or less orderly progressicn was interrupted ior about
two years during World War [I. The NI'S standards activity was slowed
down and the ma:.power was diverted to other activities. [ spent those
two years as a memher of Laury Taylor's operational research group
at the 9th Air Force,
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When [ returned to NBS the radiation standards requirements had
expanded considerably. Radiation shielding requirements also be-
came a more important economic force, Both of these areas occu-
pied my interest for the next few years, From here it was natural
to drift into the area of shielding design and thus 1nto cummittee ac-
tivities dealing with this area. Many of the persons involved in this
activity were also interested in the biclogical bhawes fur radiation
harards, Close contact with them aroused my interest in the subject,
My transfer to the Armed Forces Radiobiology Research Institute
aboutl a year ago was a result of this interest,

DUNHAM: [ am Chuck Dunham. [ haven't practiced for eighteen
years, [ was at the University of Chicago, butl { had nothing to do
with the Manhattan Engineer District, though peuple often assume
that £ did. [ was in Los Angeles and Hawaii while these things were
going on, in the Army, doing regular Medicai Corps duty, [ joined
the Atomic Eaergy Commission in 19419, a Johnny-come-lately like
Dr. Taylor, and within a coupie of years [ met half of the peopie in
this room who are the real old hands at this game, and ['ve been
learning from them ever since,

I eventually became Director of the Division of Biology and Medi-
cine.of the AEC, and my principal function was to serve as go-between
between these distinguished gentlemen and the Commission, the Bur-
cau of the Budget and the Congreas in trying to see that they were
supported in the style to which they had not only become accustomed,
but to which they were entitled.

I don't consider myself an expert in any of these matters. [ did
have the privilege ¢f being out at Eniwetok for a month at the time of
Cperation Greenhouse and | was with the medical team at Kwajalen
following Bravo shot. Dr. Corard, of course, was there. So l've
had some corntact with these things, but mainly [I've been in admim-
stration, )

Recently I have retired from the Commission and have taken up a
job as Chairman of the Divinion of Mcdical Sciences of the National
Rescarch Council, and ! bring you perhaps a different perspective
. {rom that standpoint, s

[ am looking forward with a great deal of anticipation to this con.
ference and I'm particularly delighted that the theme of it is not strict-
ly scientilic because it's been one of my pet hobbies that the basic
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problems of mankind are probably not going to be solved in the labora-
tory; that the basic problem is how people can get along, how they can
live with each other. There are laboratories of psychology and the
whole world is a laboratory in one sense. But in the ordinary test
tube laboratory I think you can oniy go so far, and with that [ will

step aside and let John Wolfe pick up. He came a little iater thanl
did in this game, but not much.

WOLFE: The same day you took over as Director, I think,
DUNHAM: Yes, sure.

WOLFE: I don't have such an illustrious history as these other
distinguished gentlemen. [ was a professor of botany at Ohio State
University in 1955,

FREMONT-SMITH: Were you sort of born a professor of botany?

WOLFE: Well, [ worked up to it, Docter. For fifteen years |
worked to the place where | could have two classes a year with grad-
uate studentx and then | went to Washington for lwo years. [ came
to the Commission at the same time that Chuck took over as Director
and ['ve had a decade of happy ycars in the ecological program there,
I think mostly because of his broad view that science is not going to
solve everything in this vale of tcars, 1've never heard him express
it that way before, but have had a feeling from time to timne that he
did look beyond the little fences of science. Whereas, [ suppose, I
was supposed to be a scientist at the university, I'm pretty sure |
stepped across the fence from time to time both in class and in re-
search, At any rate, it was a considerable jump from the classroom
w0 Washington. | hope. before I retire, to find out what the hell
Washington is all about, but it's coming slowly! [Laughter] I was
always a slow learner and maybe in another ten years ['ll make it,

We're interested in the ecological aspects of nuclear energy in
whatever form and through whatever use. [ think I have never said
it before in public but 1 have never claimed that ecology is a sophis-
ticated science, like you fellows that carry things out to six or eight
decimal places. You even have got me talking about my thirty-second
wedding anniversary as 23 {Laughter] But it's a discipline or a
point of view or an attitude that mankind had hette= face up to in the
next decade, or maybe he's gotaquarter of a century, but he'e in a
hell of a mers now and [ think what we're doing in ecology, in the
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Atomic Tnergy Commission, and what they're doing in NSF and a few
of the other agencies might contribute to some of the answers. 1
don't know whether they wiil solve the problem but they might con-
tribute to the solution,

Laurent

DONALDSCN: Why don't you keep right on, John? I was enjoying
that! [Laughter] :

Like Mr., Spear, I'm well aware that the year 1932 was not really
a vintage year! [ laughter] [ was one of three people added to the
staff{ cf the University of Washington that ycar, and if you are asso-
ciated with a university at this time, you are well aware of the dif-
ference between the depression years and the present, when univer-
sity appointments are made almost every day. [ have been at the
University for many years, with a few detours such as working with
Dr. Warren on many of the projects and programs that he imitiated
in the field of atomic energy. We started our work together in 1933,
with the objective of developing an evaluation program to measure
the impact of the operations of the Hanford Works on the Columbia
River, Of course, as a "'fish farmer’ | was particularly interested
in the Columbia River, for this gigantic stream was our best fish
‘farm.' Five specics of Pacific salmon use the stream during their
early life span and then after a sojourn in the sca, come bach toits
cool water to spawn and reproduce, You can irnagine my consterna-
tion when the ecarly discussions projected estimates that billions of
calories of heat and thousands of curies of radiation would be added
to the river. To make matters worse, Dr. Warren insistied that we
should have ail of the answers that normally would take a lifetime to
get, with luck, bLut he wanted them "right now, ”

WARREN: You almost did it on time, too! [Laughter]

DONALDSON: Duringthe war years we were ableto pretty well es-
tablish dose measurements of acute radiation for a variety of aquatic
forms. With the termination of the war, we assurmed that we could
go back to teaching school and "“farming’ fish. Again Dr, Warren
had other ideas and invited us to take part in Operition Crossroads,
with the nice easy assignment of evaluating the radiation from the
weapons tests as it drifted over a major part of the Pacific Ocean,
Dr. Conard was a member of our little group operating with LLCVPs
and other smal! landing craft as we attempted to plot the radiation
field in Nikini lagoun,
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The following year, t947, we went back to Bikini to evaluate the
biclogical impact of the radivactivity on all of the living forms there
and returned again following subsequent weapons tests in 1948, 17350,
1452, 1954, 1956, and | 358, In 1962 we went to Christmas Island and
studied the effects of the fallout in that area, ’ :

One of the mast exhausting and traumatic experiences of any af our
Pacific experiences was in 1954, following the Bravo shot, We were
asked by the State Departmient to go to Japan to try to quiet the fears
of the Japanese people, which resulted from the Fukuryu Maru inci-
dent, and to help to persuade them to resume {ishing and, more im-
portant, to continue eating fish,

During this time there were a few interludes with trips to the Nes
vada testing ground, where again we had some interesting assignmern:s,
One was to collect rattlesnakes so that we might rneasure their uptake
of radicactivity, _On one such assignment [ was really 'holding the
bag'" for one of our co- wirkers who was to put a live rattlesnake into
it,. This would not have been such an unpleasant task except that he
was holding the snake by the tail, and as he waved it around, my
hands provided a fine target to strike at, '

DOBSON: Did you do that experiment”

DONALDSON: Yes.,

DOBSON: What happened’

DONALDSON: o the rattlesnake”

ROOT: To the bag’

DONA LDSON: I decided [ should hold him by the tail and let some-
body else hold the bag.

FREMON S-SMITH: What happened to the anakes?

7 DONALISON: Nothing. Awx sooften’is the case, there was no ob-
servable effect.

FREMONT-SMITH: Nothing noticeable”

DONALDSON: No, nothing at all,
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later Dr. Warren left for greener pastures and Dr. Dunham and
Dr. Wolfe directed our activities. They also wanted answers—yes-
terday—and we have continued to try to provide them as best we can,
A few months ago | decided that it would be wise to change direction
a bit and give up 4ome administrative responsibilities. Thus, inthe
next few years | hope to be able to write down some of the observa-
tions and conclusions in the way of answers to the questions which
have been asked uver the years,

ROOT: I'm Lin Root and | come to the Interdisciplinary Confer-
ence by an undisciplined and circuitous route. I started as a hio-
chemist, did most of my work at the College of FPhysicians and
Surgeons of Columbia University, took a New York State cxamination
and found myself in charge of rescarch for the Psychistric Institute
of the Manhattan State Hospitals. Biochemistry at the time was both
primitive and cleistered—rno far-{lung conferences in exotic places.
After several years of quantitative studies of the arterial blood of
dementia praecox patients and schizophrenics, to the amused balfle-
ment of my paychiatric colleagues, [ fclt the need to get away {rom
my ivory tower and to go where the action was. So Il jeined Will
DBecbe's expedition to the Galapagos [slands and the Sargasso Sez,
with the aim of making comparative studies on the blood of birds and
fish. After this I became Science and Medical editor of Time maja-
zine and then moved into {eature writirg for national magazines.

In the early fifties when atcmic recactors were still very hush-hush
in the U.S.,a series of lucky breaks gave me several scoops on for-
eign atomic enerygy stories—a sort of chain reaction that culminates
in the inside story of the Soviet nuclear situation just before the first
Geneva Atoms-for- i’cace Conference in 1955,

This was after the 1953 Soviet thermonuclear detonation, and our
big 1954 one at Bikini. In the last few ycars [ have been systematically
studying the long, or [ should say intermediate, range cffects of the
1954 test in every country l've been in.  You can trace them 1in inter-
national relations, in political alignments, in the attitudes of vouth,
in the credibility gap, in practically every aspect of life. Pcople are
not aware of how much our whole culture has been affected by this
event. [ think a carcful study of this precusor skould provide iin-
portant clues to the long-range biomedical and psychological effects
of nuclear war.
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MILLET: My name is Jack Millet. [ am a psychiatrist and a
psychoana'vst. If you've beea thinking that I must be English, you
are not quite right. [ was born there and bhrought up there but my
parents were Yarkees, My father fought in the Civil War and heard
lincoln give the Gettycburg Address: s, you see, [ think [ have the
claim to say that perhane [ am the father of the family here today.

I am very much pleased to have the opportunity to come and learn
something, T'he only people [ {feel | can learn anything from now are
young people, you sce, and this is a great privilege for me to be
here.

I've been engaged in a variety of things in my profession. The
last years have been devoted maostly to the ~ducation of residents
and the establishment of schools for gradua.e training in psychiatry
and psychoanalysis, [ now still do a little supervision for advanced
studies for Colurrbia, but most of my time i3 apent guietly in my
cvn office doing consultation work and carrying & few patients of my
own. [ am alvo preaenrtly Director aof the Ruth M. Knight Counseling
Service of the Marcattan School of Music,

The last thing that | have undertaken is to establish a counseling
and referral service for the Manhattan School of Music, [ have
always been interested in community psychiatry, ['ve been respons-
ible for cstablishing two or three services in different states in the
course of my life. ['ve been retired twice, Ithink, now, and [ am
about to by retired again against my will from the United States Com-
mittee for the World Federation for Mental Health, with which [‘ve
been identified with Frank here for so many ycars,

FREMONT-SMITH: Jack, you didn't say anything about the group
for the advarcement of psychiatry which is scimewhat related to some
interest here.,

MILLET: Yes. Inour committee, which has the rather preternticus
title of Commitiee on International Relations of AFPA, we are digging
into what we can come up with in understanding how it came to be that
we are in such a hell of a mess in Victnam; how and why we ever got
into it and how it got escalated to the point where 1t is, and so forth,
all the motivations and the conflicts that went into it and the chanuing
viewpoints of each successive president. [ was al one time Chairman
of the Committee on International Relatioas of the AIPA, at which time

"we had a serics of roundtibles on transcultural psychiatry, the first

one being an attempt to prt some opinion on the reactions of the com-
munity to the threat of nuclear war, That vas a very interesting
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roundtable. That brings me as close to your interest,I think,as any-
thing that I have personaily cxperienced. '

BRUES: Austin Hrues, [ majored in philosophy at Harvard Col-
lege. I concentrated in internal medicine with excursions into some
of the other medical specialties in medical school, 1 then went into
cancer research and clinical hematology,

During World War [I, probably not because of any particular com-
petence hut hecause [ appeared to have guessed what was going on,

[ got drawn into the Manhattan Project where I could be kept quiet!
{Laughter] [ joincd the Argonne Laboratory and the staff at the Uni-
versity of Chicago and was maneuvered into the position of directing
biclogical and medical research at Argonne which | continued to do,
for fifteen years, having promised to do it for one year; learning
that that sort of job, like most, became more time consuming rather
than less time consuming, with the passage of time. [ retired from
that responsibility about five years ago and have gone back into re-
search in carcinogcnesis,

FREMONT-SMITH: I'm Frank Fremont-Smith, Hefore [ talk
about myself, I want to make a couple of comments. First, that [
think it's quite remarkable and wonderful that DASA has made it
possible for us to hold these meetings and has put no restrictions
upon us. They have told us to see what we can come up with, We
could select the people to come and talk about what we as a group
felt we should talk abeut on this topic, And they didn't say, "Now,
don't touch that and don’t do this,'’' They just said, "Go to it!"”

I think this was, .in the iirat place, a very nice compliment to this
kind of process, to the human interaction process, and also that it
was a compliment to DASA that it cculd have the freedom of action
to give us such freedom of action. [ want to express my apprecia-
tion on that score.

I was especially pleased that Dr. Dunham, Chuck Dunham, if [
may say, emphasized some of the limitations of science in terms of
the human problems that the world faces, [ think that this is a mat-
ter of utmost significance, and in a world in which computers and
those who know how to fecd computers are taking over, it may he

" worthwhile to remember that the most precious things in the world

can't be quantitated and can't be put into computers, So, we are
going to have to have some aspects of human judgment outside of quan-
titation enter in if we are going to have any opportunity to survive,

o m e v = ¢+t coorer———" T * W s v Mo . ——— WA .+ wc mn r MWy e ke WE  moiran. e e et WA s



28 ' DASA 2019-2

I graduated {from tarvard Medical School. [ never did get through
either Harvard College or MIT, both of which | sort of indulged in.
Then I var trained in neurology., While working at the Massachusetts
CGencral Hospital in ncurology, I needed same extra typing to be done
and my chemist, Mary Dailey, now Mrs, Rod lrvine, said she would
get somebody that would be willing to Jdo some typing to come in the
next morning at nine o'clock. So the next morning 1 weat to my lab-
uratory at nine o'clock and, to be sure, there was a young woman
therce but, unfortunately, you practically couldn’t see her because
she was completely enveloped in the arms of a 6'4" young man, and
this was my introduction to Staff Warren and his lovely wife, Vi, who
hadn't seen him for three days and found herself in his arms! {laugh-
ter] So, this was a very special occasion and it's been a continuing
association of great joy,

WARREN  And it's marked us both ever since! [Laughter)

FREMONT-SMITH: Then, in ncurology [ bhecame interested in
psychosomatic problems, emotional factors influencing physiological
behavior of human beings and animals., In 1936 [ joined the Josiah
B. Macy, Jr. Foundation and became what they call a philanthropoid
~and this was Frcd Koeppel's term. Fred Kocppel was the former
president, the late president, of the Carnegie Corperation. He said
that he felt that Foundation executives, poor lonely creatures that
they are, deserve some special form of appeliation and suggested
they should be called philanthropoids., Why? Because, he sa1d, they
acted like phiianthropists but with somebody else’'s money! {Laughter]
So l acted like a philantkropist with the Macy Foundation money for
some twenly-lour ycars and altogether had a very interesting time in
that rclationship,

A cuple of things bore on the present situation, [ did find myself
in the most unusual positions, In one of them, as Staff mentioned, 1
was out at Bikini, and after [ came back from Bikini, through an ab-
sclute (luke which [ won't have time to explain, the Macy Foundation,
which already had bean holding conferences in which [ was very much
interested, was asked by the Department of State, the Department of
State no lesn, to hold a serics of conferencee on human relatjions in-
sights coming from psychiatry, psychology, sociology, and cultural
anthropelogy., and on how theae might he used by the Department of
State. Thix was a very interesting procees and led nowhere in the
long run bhecause of the McCarthy era which foliowed not long after-
wards,
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Then I became very much interested in the World Federation for
Mental Health that sack Millet mentiored, This was cr 1s a non.
governmental international voluntary agency which relates all the
branches of science that dcal with human relations in a cenjoint way,
tries to bring these to bear upon the problems facing humanity and
works very closely with the Econonuc and Sacial Council, with the
World Health Orcanization and with UNESCQO, At the timie thit the
International Atomic Agency was established in Vienna, it was drawn
to our attention that there were emotioral problems, raental healtn
problema, associated with the peaceful use of atomic energy in tersns
of panic reactions, in terms of accidents, interms of protection
against accidents and social behavior in response, The World Fed-
eration for Mental licalth established an international commattee
which made a report which went to the Ageacy, where it probably
could nct be found, and also to the World Health Organization, which
dealt with some of the human relations problems associated with the
establishment of peaceful use of atomic ercryy on a worldwide scale.

Well, this, plus iy very deep interest in conferences, in dialogue
and in the cssential need of human beings to relate themavlves to one
another. has been the basis of my special interest whicn led me here,
and I'm very pleased that you, Jelle, got going and stirred this thing
up with Dr, Taylor and John and made it possible for the whole thing
to come about.

UPTON: I'm Art Upton. [ did my undergraduate work at the Uni-
veraity of Michigan, ar.d went on there to complete medicine., After
graduating from medical school, [took a residency ia pathology and,
as [ was winding up in residency, received aninvitation from Jacob
Furth to join him at Galk 2idge to help him with some sturdies on the
pathologic effects of radiation on experimental ammals., [ went down
there assuming that it would be for a couple of years, and arrived
there about the same time that a big batch of animals came in from
Euiwetok, where they had been expascd te an experimental nuclear
detonation. It turned out that Jake left Oak Ridge before the experi-
ment was comnlieted, [ stayed on to finish it up, incanwhile started
other tninygs, and I've becn at it ever since, [ suppose that's why
I'm here today.

-DOBSON: [ am Lowry Dobson, [ have always feit that [ wculd
have benefited » ery much from having goae to Harvard Coliege or
having studied at Harvard., [:idn’t; but I was conceived in Camnbridge.
Massachusctts! [laughter’ T wae born in Peking, China, and «udied
medicine at the University of California,
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FREMGNT-SMITH: You are a Harverd alumnus then! {Laughter]

DOBSOM: After hospital training in internal medicine [ went back
to the Berkeley campus, to the Radii.tion Laboratory, in early 1946
which was not so long aflter Alamogordo, Hiroshima and Nagzsaki. [ did
studies tn biophysics, rescarch and teaching in radiobiology, and was
associated with John lawrence in clinical radioisotope work. In
Ernest LLawrence's Radiation Laboratory, and in the University more
generally, I had responsibilities in miedical physics and radiation
prote-tion. Then after some twelve ycars [ went to Geneva, Switzer-
land, io work for a year or two—and stayed for ten—wita the World
Health Orypaniczation in radiation hea!th, radiation medicine, and hu-
man genetics, [ have just returned ‘rom California at the Lawrence
Radiation Laboratory in Livermore, concerned with laboratory re-
scarch once again, naving spent ample time for the present in inter-
national administration which is extremecly interesting but ofter a bit
removed from animals and test tubes,

! suspect we all fcel that potential energy is just as real as kinetic
energy. We hope that potential nucicar war has no such reality, and
that it will never convert. 1lut the compelling interest and importance
of the various related questions are, [ think, the reasons many of us
arcbh - at these discussions, wha.ever the details may be.

SCHULL: Jlack Schul!l ar, as the clerk at the desk informs me,
"Shewell!" Department of Human Genetics, University of Michigan.

As the twenty-first inan on this iwenty-three man totem pole, I
have wondered what remarks [ miglt make which would enter into the
spirit of can you top this"” that pre-ails! And it scemed to me that
if the re existed an opportunity, it hid to be in the introductions which
others made. And thus as Leo Bust..d was introdu-ing himself I wept
for there but for a single letter, "M"«" instead of "B, " might be the
inheritor of a Norwegian fish hook fortune; and, as Stafford Warren
was describing the social responsibilitics that rested on his shoulders
in 1943, I could commiserate hecause that year saw me on Guadacanal
and subsecquently on Bougainville with a gun and much the same feeling
of social responsibiiity. When Beb Miller introduced himself I re-
joiced in the shared memories of soine very happy years in Japan;
and finally as Frank Fremont-Smith spoke of the dent that this con-
ference would mavwe, I thought, in view of the way we are fed and
beveraged, that a bulge rather than a dent was the more likely out-
come. Dut there was an alterrative to this play on the introductions
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of others, and that was to take advantage of possibly the only oppor-
tunity that [ shall ever have to introduce a rear admiral, Bob Conard!

FREMONT-SMITH: That's very nice. Lovely.
CONARD: Thank you,

Vhen I finished medical schcol in 1942 I went into the Navy and
spent several ycars on a cruiser in the South Pacific, and on my
return went out on the Bikini operation and had the very pleasant and
stimulating cxperience of working under Staff Warren and made some
very valuable lifetime friendships with Frank Fremont-Smith, Wright
l.angham and Lauren Donaldson and many others.

During the Bikini opcration we realized, as Staff pointed out, that
there were many aspects concerning radioactivity about which we
were ignorant. Because of this we were ultraconservative., [ re-
member very well the bundlesome types of respirators that we forced
the men to wear in offloading ammunition and the strict precautions
to protect them. Later, in Hawaii when the target ships from the
operation were returning, I was forced to order the sinking of many
beautiful small boats such as Captain Gigs because radioactive con-
tamination was considered too high.

Later on, I had an interesting experience when the Nevada, the
target ship, was sunk by the Navy to test out some weaponry. [ was
asked to go along as the radiological safety officer and they insisted
that I go on board with the two gunners mates to get these 1, 500-1b.
bombs wired up, and I prcotested saying [ would like to see why a
doctor really had to go alcy on an operation like this., But theyin-
sisted anyway and [ had to hold the wires while they stuifed the gun
cotton into these big shelis and, of course, in the meantime the de-
stroyer escort went off about thirty miles and stayed off until we
finished the operatiorn. And then later when I saw this ship blow up,
I thanked rny lucky stars that [ had gotten off that safely.

I participated in other atomic tests including Operation Greenhouse
in the Facific and the Nevada test. [ spent several years as Project
Officer at USNRDL and had a fruitful year doing radiobiological re-
search with Harvey Patt and Austin Brues at Argonne. In 1954 the
unfortunate fallout accident occurred in the Marshall Islands while
was still in the Navy and [ was a member of the original medical team
under Dr. Cronkite along with Chuc}l Dunham that carried out the ori-
ginal examination of these people,
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After that [ joined the staff at Brookhaven National Laboratory,
where [ have been since, and have contirued to head up the annual
medical surveys of these Marshallese people; every year I take out
the medical team, experts under the auspices of the AEC and Brook-
haven, tuo examine these people,

Looking back over the ycars it seems to me we have come a long
way since the ¢. ., days of Bikini and have learned a great deal
more. The Marshallese experience has provided us with important
information about the effects of fallout o human beings.

So I think this conference may serve a most useful function in
culling such information and cxamining it in the light of interdisci-
plinary facets,

EISENBUD' I'm Merril Eisenbud. [ envy you fellaws and Miss
Root because you all know what you are. You are biochemists or
cxperimental pathologists, veterinarian pathologists, physicians.

I'm not sure what L amn. [ started out in pre-medicine; I switched
to physics in my last year and then was persuaded that one couldn't
make a living in physics; so I switched again to electronics enginecer-
ing and took my first and my only d2grec in clectrical engineering.

I was interested in biology and tricd to find a degree program to
bridge the gaps. [ went from door to door; lactual:y attended school
as a registrant for a graduate degrece at three of the major colleges
in the East, but couldn't break down the tight disciplizary barriers
that existed at that tune. As [ look back on it now, il was probably
a good thing, :

I'm probably the last of the less educated professurs, There aren't
many of us left, [ think of mysclf as a sort of a quasi-intellectual
mugwump. [ like to straddle the fences between the disciplines and
I'm never sure which side of the [ecnce my face is on or my rump is
on; and sometimes ' not sure which fence ['m on? [Laughter]

Shottly after [ got out of school [ heard that there was a job open
in an insurance company for somcbody with an interest in biology and
a knowledge of electronics, I couldn't understand why one would want
that kind of Lbackground to sell insurance, So Il applied for it, and
found that this insurance company, which turned out to be a very large
casualty insurance company, was setting up a small lchoratory to
look at occupat.cnal discase problems that existed in those days; I
was dispatched to some plants in Pennsylvania to werk out some methods
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of scparating dust electrostatically. In the kingdom of the blind where
a one-eyed man is king, I was teamed up with a fellow whom many of
you knew, and who joined the group about the same time. [ refler to
the late Charles Williams, a petrographic geologist of considerable
talent who taught mo some useful techniques for identiflying dust par-
ticles by their optical properties. At the age of twenty-three [ couldn't
differentiate a wilicotic nodule from a sarcoma but [ could look at a
thin section through a microscop: and tell whether 2 man was exposed
to silica dust; the physical side of the pneumoconioses was fascinating
and [ became a dustologist.

When the war came, although I had never heard of the Manhattan
District, I was assigned to parts of it and was actually working on a
problem of beryllium poisoning in the latter part of the war, and [
had 21s0 some exposure to radium poisoning. When the war ended,

I guess the punch cards were in my favor. Actually, this isn’t gen-
erally known except to a few close friends, but | decided at the end

of the war to go to medical school and ware admitted to Tufts, and

was supposed to be the oldest man of the class of fifty. Then in 1946
the Commission offered me a job, which I couldn’t turn down, and 1
took it and worked in a position which was extremely interesting,
during which time [ ‘vas one of Chuck Dunham's people and got in-
volved in a number of things which will be the subject of the discussion
this week,

Finally, like many of you, I had to make a decision because as
time went on I found [ was getting away from where the work was be-
ing done. I had just about given up hope of aver being where the
fun was. [ thought I would have to spend the rest of my time in ad-
ministration, when things began to stir in the field of environmental
health in 1958 and I found myself with three offers from three univer-
gities, [ selected the one that  had then been associated wath ina
part-time capacity for, at that time, almost [ilteen years, now al-
most twenty-five. So [ went to the New York University as their
professor of environmental medicine. When [ got there | tricd to dig-
nify the title of "Mister.” As ' say, my only degree was in electrical
engincering. [ had no problem .t all except in the parking lot. They
had a protocol in which if you were a doctor you were in the front,
and if you were not a docter L ou wernt to the back. [ would drive in
and the fellow would say, "Are you a doctor” " and { would say, 'No, i
and he would send rane around the back.
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permitted me the front row in the parking lot! [Laughter] Well, it's
been a random walk, and when I think about it, [ would not have wanted
e A it to be different.  The ouly way I can explain it is the way DPolly Adler
' explained it, if you ever read her book, you old timers. She was a
well-known madam who wrote her autobiography. She used to tell

the story that her bigpest problem was with the college boys because
after it was all over they wanted to know how she got into that busi.
nersg, and the only thing she could say was "Lucky, [ puess!"”
[laughter}

BUSTAD I'miplad I was first!

BRUES: This takes us all around, Lot's not start again! {Laughter]
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SESSION I
THE 1954 THERMONUCLEAR TEST

\
SR AP SR

INTRODUCTICN

BRUES: Tu introduce the subject which will occupy us vyday we
have asked Dr. Dunham to say something about the 1954 thermonu-
clear test, its background ard nature and anything else he wishes to
say. '

v e N R R By

DUNHAM: My guidance has been rather loose, .1 would say, and
nnt having attended the previous meeting, you are going to have to
put up with my playing it very much by ear. ! have taken our leaders
literally in that [ haven't prepared a half-hour lecture on any parti-
cular topic and I gather thu'my function is that of an initiator in the
sense that one talks about initiators in atomic weapons; the problem
is whether [ can generate enough neutrons to nroduce a chain reac
tion with this, our critical assembly here. [lLaughter]

.
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FREMONT-SMITH: Critical mass.

DUNHAM: Critical mass. ['ve been thinking about this off and on
ever since Austin persuaded me to take this assignment last June, and
I'm still having very great difticulty in trying to relate this cvent to
the avowerd purposes of these mmeetings, which are to conside: the long-
range effects, psychological and biomedica!, of a nuclear wai1. The
more [ think about it the more difficult{ find this, other than the med--
ical. You will find that Dr. Conard and Dr, Donaldson will have a
great deai to say on what the fallout aftermath is for plants, ammals
and people in a hypothetical or real nuclear war, -

To relate the way pcople behave—and this is one of the more fasci-
nating things about this whole story—to the way people might behave
or react during a war, I find very, very difficult, and I think of a pro-
posed experiment that was concocted back around 1249, in relation to
the old NEPA Project, to find out how pilots would behave if they re-
alized, when they were flying a plane near where a nuclear device let
go, that they Lad received a lethal dose of radiation, This flight project
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was to take a bunch of Air Force personnel to the reactor at Oak Kidge
and have them visit it, and while they were within the building and
lookiny at the outside of the reactor, a lot of lights would flash and
bells would ring and so on and so forth, and the loudspzaker would go
on the air, "Evacuate the building immediately, Everybody has re-
ceived a lethal dose of radiation, ' Then a group of psychologists
would stand around and see how these people behaved, Of course, it
wat absolutely unrealistic in terms of the person who was motivated.

FREMONT-SMITH: This war just an idea” It was never done?
DUNHAM: It was never done, but it was very scriously proposed.

FREMONT-SMITH: Espccially that "You have jurt received a
lethal dose. Thercfore, you may be used in any way we see fit,

DUNHAM: Right. Anyway,. [though it might be uzeful to try to
review the context within which thesc events took piace, [ think one
has to go back to the fact that there was a war, that two atomic bombs
were dropped on Japan, and that tne Japanese were the only people
who have ever experienced bona fide mass effects of nuclear weapons,
admittedly smal' ones. One also has tn object. .

FREMONT-SMITH: It was not bona fide in Spain?

DUNH.AM: That's a little different, Wright will tell you what his
definition of the effects there is, ['m sure, later on,

FREMONT-SMITH: I just had to throw that in,

DUNHAM: Yes. Anyway, in 1949 the U.S5.S. R, did detonate an
A-bomb, and [ can remember a meeting called hurriedly about getting
on with our program, Shortly after that there was this tremendouas
debate, which is all available on the public record, a large part of it
in the Oppenhecimer hearings, as to whether or not we should develop
the H-bomb, As you recall, both Oppenheimer and Conant had locked
at what had happenud at Hiroshima and Nagasaki; they then imagined
what an H-bomb would do and they were totally incapable of doing any-
thing except scrt of turning the other way and saying '"We must have
nothing to do with it, ' and "Well, maybe the Russians will build one,
but hopefully they wor'. use it.” You know the decision was made to
go ahead with the H-bomb program and at the [vy Mike shot there was
the first detonation of a thermonuclear device, It wasn't a weapon
but it showed that the whole thing was a reality and possible, and

g oY g
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information that this thing was happening became more or less public
arouna the world. So, when on March lst there was a detonasion at
Bikini of something of the order of 10 to 15 megatons, the stage was
really set for people to react. Pcople had begun to be aware that
there is such a thing as fallout, but they didn’t have any real fecl for
it, and I don't think the military did either. Ceortainty @didn't,

In the first edition of The Effects of Atamic Weapons (Reference 1),
fallout is discussed and not badly, actually, bLut still [ don't think it
meant very much to anybody because nobody could really see the

problem,

I think one should keep in mind the kinds of people one is dealing
with in this episode. On the one hand, one is dealing with Marshall
Islanders, a small group of native people who are quite literate but
who weren't well educated, and I think this is the distinction te make,
They had been a possession first of the Germans, then the Japanese,
and then the United States. [ think they do not really love the Urnited
States. HBob may contradict me on this, but [ think he would agree that
their attitude had been, "Well, somebody is always going to be poking
his riose into our business. We're goirg to be wards of somebody.
The U.S, has been pretty good.” So, when something had to be done
ard they were moved. they took it all very quietly and wvere totally
cooperative. ! never ran into a group of people who tried to be more
helpful, Just to give you an idea of the kind of people they are~1
don't have any slides because 1 think slides tend to slow up discussions
—=1I'll pass around some pictures of the natives, and you can take a
lock at them.

In contrast, of course, are the Japanese, a highly sophisticated
people, just as sophisticated as we, who had this extra sensitivity to
the whole rhenomenon of radiation, and who had been a beaten peaple
who were very worried about their relations with the United States
and with the world as a whole, but who were just beginning to sort of
feel their oats a little bit.

It was within this general framework that these events occurred,
I think that one way to set the stage here is simply to read the pre-
face from a special issuance (Reference 2) of the Institute of Chemical
Research at Kyoto, which came out in November 1954, six months
after the event, and which shows how they set the stage as far as
they were concerned, Tlis is all physics and chemistry. There is
no medical business in this report because none of the fisherren
actually got to Kyoto, but much of the material did.
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“On March 1, 1953, at three-forty a.m., twenty-three
Japanese Nirhermen on bo ed the tishing boat No, 5, Fuluryu
Marg, were engaved in fishing in the Middle Pacific about
minety miles northeast of Bikini Atall when a reddish-white
flash mas sees an the horizon in a weste southwesterly direc-
tion, and severn or echt minutes later a loud cxplosion was
heard, Afterwarde it was learned that the flash and explo-
sion had been caused by the hydrogen bomb test at Bikini Atoll,

“Avout three hours after the explosion, fine dust began to
fall on the boat, The falling of dust lasted for several hours
and cceancd tonards noan.  The boat as well as the fishermen
and the fishes caupght by them were covered with a white sheet
of fine dust, After a tvo wecks' voyape, on March 14 the No.

to Yaisu Harbor, lapan, ’

It was at this point that the world really began to learn what had
happencd, although the U. S, had announced that there had been a teat
on the first of March, and that 236 residencs of the Marshall Islands
had been exposed to radiation and evacuated to Kwajalein,

fust to give you a visual picture . , .

FREMONT-SMITH: Had there been a sort of a warning to ships
and so forth® '

RADIOACTIVE FALLOUT AND RADIATION EXPOSURE

DUNHAM: There had heen an exclusion zone within which ships
were warned not to come, and there has been argument back and forth
‘as to whether the Fururyu Maru was within that zone, As you recall,
the U, S. ofticials tnsrsted that 1t must have been within it, It's ob-

~vious that 12 didn’t have to be, because in Rongelap, which is way out-
side the exclusion zone, the doses on the northern part of the atoll

' were even higher than anything on the ship, and they would have been
fatal,

Rikint is about eighty or ninety miles away from Rongelap; the
Fukuryu Mara was up to .he north, the other sidé of the lethal zone,
At iongerin, there were filty air-weather personnel, and 200 niles
from Bikinit is Utirik., The doses here were roughly 10r-plus,




SESSION 1 39

UPTON: Excuse me, Chuck, What do you mean by 10r? Is this
over infinity or a week or a day”

DUNHAM: Infinity dose,
UPTCN: Is this a surface air beta primarily”?
DUNHAM: No, air gamma,

EISENBUD- Wasn't this up to the time of evacuation, Chuck”’ 1
think it was fifty-six hours actually.

DUNHAM- Here, yes. You're perfectly right. Thesc are doses
up to the time of evacuation. ['m sorry. The 800r line is an infinity
dose. Thank you, Merril, Thesc are es.imates of actual doses
received.

The air-weather people at Rongerik got 50, These are external,
The dose for ongelap was 159, and some of the Rangelap people who
were on the small atoll fishing probably got about 75.

UPTON: Would this be whole- body or to the skin?  What sort of
penetration?

DUNHAM: This is an estimate of the whole-body dose. It's no
better than an estimate, but a great deal has heen based on this in
terms of what the human blood response to ionizing radiation is.

As you know, there is a great deal of argument centered around
that point, which I think is not particularly germane to the discussion
today,

BUSTAD - Of course, on your exclusion zone, Chuck, isn't it true
that this was related somewhat to the predicted wind directinn, and
that the wind direction did change so that Rongelap reaily appeared
in the preliminary stages to have been safer than it was because of
the wind shift”

DUNHAM: I think the following happened. The original exciusion
zone for the test site didn't include Bikini. It went about two-thirds
of the way Letwesn Eniwetok and Bikini. When they began testing at
‘Bikini, they extended it beyond Bikimi. but only what looks like about
50 miles. The exclusion zone was not big enough for what happenced.
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EISENBUD: Chuck, could ] say something relative to this’ In
fact, might this be a good time to augment some of the background
that you have given, which [ thiuk might be helpful in setting the
stage’

DUNHAM: Yes.

EISENBUD: First let me say with respect to Leo's comment, in
which he tacitly assuricd that there was a2 windshift, I'm ot sure of
that,

DUNHAM: I believe the wird wans already changing.,

EISENBUD  This is a matter that hasn't yei been documented,
ft's a strange business,

l was then Dircctor of the Health and Safety laboratory and was
in direct communication with ene of our teams stationed in the Mar-
shall Islands. The only wind information [ have ever acen came in
an official dispatch, at 1 - 6§ hours, which arrived in New York just
a few hours before shot time., From my recollection [ viould say
that it wouid not have renuired a wind shift to dump the fallout on
Rongelap. Unfortunately, the situation has never been documented
in a manner that would make it available to many of us who were
intercated in the exacl meteorological circumstances,

DUNHAM: But your comiments are predicated on the only hazard
being un those two atolls, It had nothing to Jdo with ships out of the
cxclusion zone,

EISENBUD- That's right, yes,

For many of us, our {irst exgcsure to the possibility of massive
fallout came 1n 1951 with two Nevada explosions of the Jangle series,
One small surface explosion and one underground explosion took place
in the fall of that year. Prior to that time the military doctrine as it
wans translated to us on the civilian side was that there would never
be ary poiat in exploding bombs close enough to the ground so as to
pet {fallout; they wanted to maximize blast, as was done at tliro-
shima and Nagasaki. So, only the airburst nesded 'o be considered,
Of course, obvious qucstions were rained, like "Well, suppuse one
drops to the surfece inadvertantly and explodes on the ground, ahat
kind of fallout are you going to get? ' or, ‘Why not put it on the

ground if you can make a big crater? '
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[ suppose that within the military there must have alrcady been a
discussion of a military demand for surface and underground shnts,
Until Jangle we had not really thought about the consequences of a
surface or undery round explosien, [t was widely recogniced that the
Jangle explosions would produre rore radioactive dust than any of
the previcus detunations including the Tower Shot during World War I,
However, it was thought to be unnecessary to moni*or *ne radioactiv-
ity beyond 50 iiles from the explosion. HASI. arrcaged to inake
measurements in the arnulus of 50 to 500 miles, despite the fact that
people thoug..: we would be wasting time, Tu the contrary, we obe-
tained a good deal of useful information and, in fact, we found that
even as far away as Salt Lake City doses were hicher than 100 mr,
This was certainly revealing, considering that the two Janple devices
were very small., Following thense tests several groupe took the Jan-
gle data and extrapoiated to the multi-imegaton device which was then
being planned {>»r Eniwetok, '

FREMONT-SMITH. '™at is Jan,ic”?

EISENBUD: Jangle was rhe Nevada test, It was 4 cude name.,
This was in November 1951, and a year later they were planning to
explode the first large thermoruclear device at Eniwetok,

There was an Air Force afficer known to most of you who came
up with a rather pessimistic estimate of what the fallout would "«
like, and he, 1 thirk, was probably the first to have predicted that
there might b+ hurdreds or mavbe thousands of rada hiaare "« of
miles away. Our group in New York came up with some shat the
same co.aclusicr aithough not quite so permimistic, Hovever, it cer-
tain'y did see . (hat ‘nuch more extensive mumlur'; "‘l‘v',h'llc“ Pacifie
would be necesaary ti 1 was then being contemp® ¥ '
saw no need to monttor beyond the atell oo T, tag, where ke the
firar large thermonuciear .etonatior, y. g+ 7 eovnlace, N\ fuliout re
search program was included az part of the te~t program hut it was
lirnuted to about 50 miles from Ground Zero., The AR, hewover,
did agre. that a monitoring prograra beyoad Lniwetok prope= could
he mounted if support could be found outside tie tarc fotce, We TR
ceeded in convincing CINCPAC, Comraander-in-Chief f the 1icihe,
who had responsibility for security of the ratives in the \arshall 1s-
lands, that tire fallout should be tracked throughtouut the shithwest
Pacific Ocean. :

Ciie oaak qorce

Then we were given the job of doing it, and after the Mike shot,
fourd there wos 1.0 fallout., As we reconstructec it later on, bascd
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on water samples, we reasized that there was fallout that went into
the occan, The probabilities of hitting those atol's are pretty small,
They were a very small fraction of the total water surface exposed.

Well, there was about two years of wrangling over vhat should be
done to Castle, the scries we're concerned with here, There was a
very, very influential group of peosle, both among the military and
civilians, who insisted that there never was any Mike failout, that it
all went up into the stratosphere and that prohably most of it was in
outer space, and there even were calculations to prove it, But once
again we felt that this had to be looked into. However, because of a
very low probability that there would be fallout on these atolls, since
they werc so small, and a greater probability that it would all go into
the ocean, we began to devise schemes for layiny artificial islands.
This has never been reported, largely because the information got
Jost in what happened afterwards, but on the day of the shot we actually
were off the Florida coast in a Navy-supported operation, in which
drum=s of viscous oil were being dumped from aircraft in such a way
that it was hoped that an oil raft would lay on the surface long enough
so that fallout would lay on the top and then a plane with suitable in-
strumentation could swoop dovn and make measurements,

This worked. The test fallout materizl was some iron filings that
were irradiated in the Brookhaven reactor and dropped on these oil
rafts. Plans were under way for shipping large amounts of oil out to
the Pacific to lay down these raits so that we could find out whether
or not there was fallout. The idea was to wait until the shot was fired,
find out the direction in which the fallout was likely to occur, send
aircraft out 2o drop the oil rafts, then wait a few hours and send the
aircraft ir. again with instruments to see if there was anything on
them.,

Well, actually, in parallel with that there were instruments put on
that island, but those . ., .

UPTON: That island?

EISENBUD: On thcse islands. The nearest one to Rongelap was
the instrument put on Rongerik. I think this is revealing because it
simply serves to illustrate the tremendous tenacity with which cer-

tain people just refuse to accept facts.

DUNHAM: I think that one c¢f the problems is that you see people
around Bikini all the time, They stayed there even when the thing was
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detonated, and yet in one scnse they were exposed to more or less
lethal radiation.

EISENBUD: Yes. Ithink one of the things, in retrospect, was. .
DUNHAM: Of course, they were in bunkers and that sort of thing,

EISENBUD: But in the Mike Shot the whole tatk force was exposed
and we could have lost 10, 000 men. It could have been awful.

DUNHAM: [ think that the fact that we were there gave a sense of
security, Yousee, if you looked at the original weapons handbook at a
pattern of fallout, and, as Admiral Schyler used to say, "'Scale it up, "
whby, you had something., But [ don't think anybody took it as serious-
ly as it should have been,

CONARD: I remember that during the Greenhouse Operation, we
actually did have quite a substantial fallout.

TAYILOR: Also, after the first shot, the Dog Shot. That is one
I've never understood. There was serious enough fallout so that
people got a few r, at least. :

CONARD: Yes.

TAYLOR: And this was known to a lot of people but somehow it nev-
er seemed to have had much of an effect on what happened at Castle.
They were tower shots, I guess. At least the Dog Shot was a tower
shot, And the fact that that produced quite heavy local fallout was
certainly a material indication of what would happen later.

BUSTAD: But isn't it true that the March 1st shot was consider-
ably larger than predicted? ’

EISENBUD: Well, it's true in part but I don't think the difference
is significant,

BUSTAD: Isn't it a factor of two or three or four?

EISENBUD: I think my recollection is that it was considerably
less than two. Let me make the point I wanted to make, which was
that the instrument on Rongerik which was an automatic instrument,
went off scale at H plus seven hours, This was an instrument which
was not part of the Task Force. It was being operated by what was
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basically a CINCPPAC- supported civilian organization based with the
Task Force but not operating as part of it, When the instrument went
off scale, the operating procedurc catled 1ur the acrial confirmation
of this and therc was not enough interest in the Task Force to author-
ize sending a plane over the island to see if, in fact, the instrument
was working properly. As I recall it, this was delayed about 36 hours.
No information beyond the initial dispatches came into the States for
about two days. In other words, there was just a complete breakdown
as far as information was concerned, :in taking the steps that were
necessary in order to evaluate the =ituation, and to take the necessary
palliative measures.

UPTON: You say it was delayed?

EISENBUD: I cite this simply to illustrate that right up to the last
minute, with the fallout lying on the ground, the people just didn't go
up to investigate,

UPTON: You say 36 hours, Mecrril? Was something done then,
and if so, why?

EISENBUD: This is also interesting, The Commission had recom-
mended an evacuation capability up there and this was denied on the
basis that it wasn't necessary, that there would not be any fallout;
that there just couldn't be enough fallout to warrant keeping ships on
station so that they could evacuate natives on short notice., Finally,

a plane went up. I was never clear as to why it went up there, but

it was up there with a radiation instrument; it flew over Rongerik

and fonnd that the radiation levels were high., It was a PBM-1, of

that serics. ‘It put down into the lagoon and took the American per-
sonnel off and then sent information back to headquarters which re-
sulted in an LST, I believe, being dispatched to Rongelap to take na-
tives off of Rongelap, so that the natives were there, I think, 56 hours.

DUNHAM: Fifty-two hours,

CONARD: A plane evacuated 16 older people from Rongelap at 50
hours and the remaining 48 people were evacuated by ship at 51 hours,

EISENBUD: I thought I would giv. .his as background, because it
illustrates the incredible disbelief of the subject of fallout that per-
sisted not only up to this point but later on, as you will probably see.
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DUNHAM: This was an analogous situation to what was seen in
the Army with malaria. They had little malaria units. Every mili-
tary group had a team, but the commanding officers haed had no ex-
perience with malaria. They didn't see anything and this poor little
malaria unit would cool its heels unti] they had a great many cases
of malaria. Then they would be told to scurry around, [ think it's
just human nature,

Langham, you seem to be restless there. Would you have anything
to add? You're the authority on Dog Shot, by the way, because some
of your dogs were there, weren't they?

LANGHAM: Yes, theywere. Merril's story to me is almost in-
credible.

FREMONT-SMITH: That's like iife! [Laughter]

LANGHAM: Fallout was predicted for the Trinity iest in 1944 by
the bomb phenclogists, Hershfelder and McGee. Stafford Warren
mounted evacuation teams and monitoring teams to cover the poten-
tial fallout area. We didn't have to evacuate anybody; we almost did.
The arbitrary limit chosen for evacuation was an infinite life-time
dose of 50 r. One family approached this limit, and there was much
debate as to whether we should evacuate them or not. They woren't
evacuated,

WYCKOFF: What happened to the cattle?

LANGHAM: Cattle were burned by fallout at Trinity, and we had
experience with fallout at Bikini where there was fallout on ships. 1
can't imagine anyone thinking that there wouldn't be fallout involved
with weapons tests. [ still to this day want to attribute the 1954
accident to just a little bit of misconception on the part of the meteor-
ologists. [ can't imagine at that time that one would think there
wouldn't be a fallout problem with that device if a populated areca was
downwind from the detonation. So they had trouble, and I can't under-
stand why anycue would have expected otherwise.

FREMONT-SMITH: You know what happens on misunderstanding.
It seems to me this is one of the things we have to face. I will give
you a little episode. During World War I we had shell shock, a con-
siderable amount of it. It was so reported, and anybody who studied
the thing at all knew that we were going to have some kind of equivalent
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to this in World War II. So as soon as the first report came out in
the Lancet by Sargeant and Slater of the war neuroses of the men
cvacuated from across the Channel, [ came down to Washington to
see Lou Weced of th~ National Rescarch Council about what we were
doing in anticipation of the emotional problems we would be facing
when we got into this war, e sent me over to the Army Surgeon
Gencral's office where I was met by a celonel who said, "Now, Doc-
tor, what are vou worriced about? ' [ said, ‘Well, ['m worried about
what preparations we are going to make because we're poing to be in
this war and we'll probably have a considerable number of emotional
problems as a result of the war, and we know from World War I what
happened, In World War I, the British have already had it, " And
he said, “"Doctor, you don't need to worry; we'll have no ncuroses
in the U.S. Army!" [laughter])

Now, I just want you to know that this is the kind of extraordinary
aspect of human :aturc one has to face, and [ suspect that the true
story really didn't come out that it -vasn't a radiolegical but a human
factor that went wrong. But maybe I'm wrong.

EISENBUD: I can understand why you fecl that way. The fact of
the matter is that Joe Herschielder by then was probably back in
Wisconsin. ‘

WARREN: Jim Cooney was my deputy at Bikini. Jim, like many
others, was not convinced that there was anything to do,  He would
leave at four o'clock and go to the BOQ and have a beer just about
the timic tho bovs were returning with contaminated clothes and hands
on the gangplank, and then about dark the algae would begin to rise
and we would have troubles with radiation through the hull all night,
He thought it was unimportant. He thought we were fcolish for stay-
ing up all night wonderirg where the stuff was going in the deep part
of the lagoon, When Frank ¢ame back with this radiocactive sodium,
there was a big haw-haw. on his part and they almost court-martialed
me for exposing Frank's ships to this radiation hazard., And, yet,
on the other hand, Jim pooh-poohed the whole operation and thought
it foolish to send a destroyer on this crazy downwind trip in the hope
of getting some rain-out,

If I may just continue. He was the RADEF for the preceding oper-
ation and was the adviser to the Army, and many of the times that [
described in the last session, when [ was up before the Fleet for ex-
planation in a pseudo- court-martial, they couldn't taste it, they
couldn't hear it, they couldn't see it, they couldn't feel it. There were
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just these RADEF boys, with their instruments which showed some-
thing or other, who claimed it was hazardous and that thcy were los-
ing their ships and equipment and their gear and their laundry and
their possessions. You could understand some of the objections. It
was a lot of trouble and it was costly. How do you get a station to
stand out in the ocean in the right place” The waves come along in
a little while and the fallout which hits the water is gone., Even the
SARAR left an awful lot of 0il when she sank, and this went on over
the reef. It was traced downwind about 60 miles but in ten hours it
was gone and anybody going out there then could show that there
wasn't anything there and cuuld ask why you were worrying. It was
costing an awful lot of money and time. The metecorology was expen-
sive, too, to cover this vast area where there wasn't anything to sit
on, and it was very chancy. But they didi.'t really have the concept
of how vast this phenomenon was and what the guantities were. You'll
find people, not all of them in the military, who were unwilling to
face what might have happened at Alamogordo.  Oppy protested our
surveys after the war until the white-backed cattle appeared in the
Albuquerque slaughterhouse. It took a lot to overcome the resistance
to our purchasing of cattle. I don't know if Dunham remembers this
because it was partiy before his time.

Such antagonism to the concept of the metecorolopical mechanisms
and the vastness of the fallout problems, tngether with all of the ex-
pense and trouble and manpower required for instrumentation and the
many safeguards like evacuation plans and public relations cemplica-
tions from excluding ships from this vast area, all combined to make
this episode possible.

Then I feel that this was a very fortunate thing to have happened
with so little real tragedy involved because actually nobody was real-

ly hurt seriously by the fallout.

DUNHAM: I think the most dramatic thing of all is where that
800-rad line landed.

WARREN: Yes,

DUNHAM: It was squarely between the Japanese fishing boat and
the Rongelap people.

WARREN: If you had planned it that way you couldn't have gotten
it better,
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DUNHAM: If it had happened on their own home island they prob-
ably would have had a lethal exposure within the 48 hours between the
time of the fallout and the time they were evacuated. These were
studics that were made by Pete Scoville, = I think {see Dunning, Ref-
erencc 3), who was one of the principal pcople involved in actually
taking the measurements. They went in there at 36 anu 48 hours;
they took readings at different piaces or different parts of the atoll,
then went back later, took more recadings, and then extrapolated back
along the K-constants, and so forth, as to what it would be originally
and what the infinity dose would be.

Merril, do you want to comment on this?

EISENBUD: I think it was very difficult to estimate the doses,
obviously,

DUNHAM: Yes.

EISENBUD: ['ve often had a feeling that the doses may have been
very much higher than had been estimated, particularly in the case
of the Japanese ship.

DUNHAM: Of course, that's a different proposition, because
nobody measured them until two weeks later.

EISENBUD: That's right.
DUNHAM: And the ship had been hosed some.

EISENBUD: That's right. I saw that ship March 22, 22 days later,
and by that time it was still reading generally about 110 mr per hour,
and the Japanese and our own people had had enough of the debris.

We knew whit the decay-characteristics were, and if we extrapolated
from that 150 mr per hour to H plus four hours, the integrated dose
was something better than 100 r.

DUNHAM: Yes.

EISENBUD: By this time the ship had been hosed, as you say, and
scrubbed and people had gone on with vacuum cleaners to take off as

% Scoville, H., Jr. At that time Scientific Director, Armed Forces
Special Weapons Project.
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much of the dust as possible because they wanted the dust for study.
So it could very casily have been in excess of 00 or maybe even
1,000 r.

DUNHAM: So it's possible, with this line that {'ve drawn—and you
called my attention to 1t this morning—~on the map, that ['ve come
much closer co the ship than is indicated there; the 800-r line might
have been quite close, not 20 miles away.

EISENBUD: The fallout on the ship was estimated to have been
50 curies per square meter, which is going to make some of you
wince, but [ think it's a pretty good estimate. It was made by the
Japanese in a very interesting way, They took surfaces and sprinkled
sugar on the surfaces and then asked the fishermen, independently of
each other, to pick a surface which looked like the ship at the time
of the fallout. The opinions clustered arourd a certain couple of
slabs, and since they had samples of the fallout, they couid estimate
what the activity was. The best estimate is around 50 curies per
square meter, which is quite a heavy dose,

BUSTAD: Wasn't one of the difficulties that some of the crew
members swept up the fallout and put it under their pillow?

EISENRUD: I don't know that,

DUNHAM: One of them put some in his pocket, I believe, to take
home as a socvenir, :

MILLET: Thus far, we have heard that those in charge thought
they knew, but they did not. Whether or not the fault lay with meteor-
ologists, admirals, generals or scientists may not be important ex-
cept to those who want to define history in its greatest detail.

No informatinn reached the United States for 36 hours. There was
incredible disbelief that the event had occurred, . And disbeliei was
true not only for this episode, but as Dr. Dunham has mentioned, for
malaria, and as Dr. Fremont-Smith said, it was t-ue also for psycho-
neuroses, [t happened subsequently with respect to radiation exposure,
as we will hear later in this meeting.

I wonder if there are not really two kinds of psychological features
with which we should be concerned: one is the fear of radiation effects
among exposed persons, and the other pertains to the psychology that
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leads to underestirnation or miscalculation of the magnitude of the
nuclear event and its psychosocial consequences,

BRUES: This is because we've been brought up to have a two-
valued way of locking at things, isn’'t it? That either we're frightened
or we're not frightened. Actually, there are degrees of being fright-
ened,

MILLET: I think one of the very interesting things is what moti-
vates so many people to deny the facts when they are so readily
demonstrable, If the data are clear and are presented and they are
denied by intelligent pcople, otherwise intelligent people, there must
be some motivation known to them or unkrown to them which makes
it impossible for them to change their position. This brings us to
the questicn of when is a delusion not a delusion,

FREMONT-SMITH: Right.

LANGHAM: I think it's a matter of biased values. There isn't a
man in the field that isn't anxious to get on with his part of the job,
and in dealing with these pecople you find that to them the highest
priority, consciously or subconsciously, is to get on with the job;
isn't that right, Dr, Warren?

WARREN: Yes.

LANGHAM: Invariably you'll find this conflict. The protection
man is obstinate in his way. He wants to do a job right, too. And
this is a conflict that's brought about by the bias, The bias is brought
about by the position in which the man finds himseli:.

MILLET: One wonders if there isn't something in our rational
culture which makes us orefer getting on and moving rather than
waiting and listening and finding out. [ heard a comment last night
from iny neighbor here that the Americanpsychiatrists don't bother
to read forvign iiterature, for example.

LANGHAM: We have hawks and doves right now, I think probably
insofar as radiation protection and nuclear devices are conzerned [
might be classified as a hawk, [ still think one has to make haste,
but with caution, I think in some cases people who want to be cautious
may lose ard in some cases they may win. At Greenhouse we had a
trick played on us which may amuse you. During Dog Shot, at which
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we were recovering animals from the thot island, we dressed in
complete protective clothing including respirators. We socked like
men from Mars., We invaded the shot island to get our animals, and
the plan was that when we came back to our home island with the
animals we would strip off all our clothes and throw then into a box
on the beach and walk up to the quarters in the nude. On the shot
island, we could hardly get a meter reading anywhere. Inthc mean-
time, a sheer in the wind had brought the fallout right over our home
island. When we returned to base camp with our animals, we took
off all our clothes and walked in the nude through a hundred times as
much radioactivity as occurred on the shot island! [Laughter]

FREMONT-SMITH: That's a wonderful story.

TAYLOR: [ would like to interject something that you challenged,
Staff. You said a moment ago. you can't hear it, Apropos of the
Dog Shot, fallout was clearly audible. There werc little beads of
steel from the tower that condensed, and one heard this constant
tinkle, tinkle of steel from the tower hitting the aluminum roofs and
then rolling down the gutters and piling up in little piles on the ground.
The thing v.hich I've never understood, which has sonic psychological
significance, I suppose, is that the radiation monitoring teams, pairs
of people with a Zeuss meter, would find one of these little piles and
you just heard from them lots of expressionrs of various kinds of bad
language about 10 r per h~ir, 40 r per hour, a few r per hour and a
sort of disbelief. The upshot was that everybody xept ‘#andev-ing
around. According to a Zeuss meter that Herb York™ bad set up in
one of the buildings just to have people file past to see what their
reading was, my own hair was reading 2 r per hour after a shower,.
Well, I got worried, along witha number of other people. But s. ne-
how there was an air of unrcality about the whole thing. There was
a big discussion about whether we would have a movie that night or
not, and somzhow they, and no cne seemed to know who ''they'' were,
had decided that the movie was all right.

Somehow I've never understood how that could have happened, in
view of all the literature that was available for years before Green-
house on fallout and on how large areas could be covered with very
intense radiation. No one seemed to want to believe what was happen-
1ng.

* Herbert F. Y~rk, then at the Univerrsity of California.
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FREMONT-SMITH: Isn't therec a lesson for the whrle purpose and
goal of these series of conferences in this discussion that's taking
place this morning? Human nature is not going to change that fast
and we're going to have a variety of conflicts and atiitudes, and
kawks and doves, with respecttoa, b, ¢, and d, ia preparation for
the possibility of atomic war. Also, if there ever is u nuclcar war,
there will be this same kind of confusion and rea«tion all over the
world. So it seems to me that this aspect of hurnan nature, which
we're probably going to have to face in on vay or arnother as long as
there's human nature around, is one of the certral lessons for this
whole business, If we're going to get anythin.: out of this, part of
it is going to come by the fact that human aatire is this way and that
there are conflicts in authority, the highest tevel of authority., You're
going to get denial of facts, as Jack brough' out; clearly evident facts
will be denied up 1nd down and proved not .o be so by other authority,

I attended a conference that the Civil Jefense put on in which the
problem faced by the group in this 3-dav meeting was that a bomb
has been dropped. This was the assumption, and we were to focus
attention on two counties in northern New York State bordering onthe
of the Great Lakes. According to the assumption, the wind has blown
the fallout over these counties and thz question is what do you do?
Well, the report of this meeting war never published, not, I think, so
much because it was classified, bu’. because it was unbearable to have
a2 group of intelligent people about as confused as we were. We ended
up with a terrible wrangle as to vho was to milk the cows! [Laughter]

So, I think that among the leisons is that there's a lack of a logical
approach to the realities of the problem that can be counted upon no
matter where we stand. I would throw in one little touch, and that is
that we are all aware of the .act that the weather every once in a
while turns out differently from what is predicted,

LANGHAM: I would like to refer back again to the conflict of in-
terest on the part of sci::ntists trying to work together. Each man's
ego is tied up with his iob,

FREMONT-SMITH: You are right, Our multi-disciplined confer-
ences are bringing this out every day.

- LANGHAM: I have a rather amusing story that illustrates this. I
don't know whether I ever told Dr. Warren, but he kept getting mes=
sages from the coionel on Eniwetok who was in charge of putting the
droned B-17s thrugh the clouds at Bikini.
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WARREN: Yes.

LANGHAM:- Under remote control these B-17s had been {lown
through the bamb cloud. They were not destroyed but were s'ightly
radioactive., The colonel waunted to take the remote control cquipment
out and use the B-17s to fly his crew back to Honolulu, He asked
Staff to send a man over to clcar the planes as radiologically safe.

Staff sent over two people and before the monitor would get back,
this man would be on the radio again asking Staff for a decision, Dr,
Warren finally came tc me and said, "I don't know what's happening
with that guy. [ sent two men over and he's still bothering me, Will
you go over and find out what's bothering him and get this thing
straightened cut? "'

I went, and asn [ came down the ramp at Eniwetok, standing at the
bottom of the stairs was the young colonel who looked about 25 ycars
old; he wasn't as old as I by 10 years or so. When I came down the
stairs, these werc his words, "Are you that radiological man "
When [ said I was, he pointed to the B-17s and continued with, '"Well,
sonny, they're there, Don't give me any of this ~rap about milli-
roentgens, Do I fly them home, or do I push them in the ocean? ™

The highest readings were in the coclkpit where there were sevoral
radium dials and on the engine intake and exhaust manifolds. [ came
back to the colonel and, in my most efficient manner, announced,
"Fly them home.'" With that he said, "Come with me, We're closing
out the club.” I stayed there four days and wasn't sober a minute!
[Laughter] It never cost me a dime!

Here is a specialist, good at his job. So you've got a psycanological
conflict right herc that, I'm sure, stems back to the ¢go and the fact
that the man doing the job satisfiee that ego by filling it well,

FREMONT-SMITH: And you satis{y yours and therefore went to
the club! [Loughter]

LANGHAM: That's right.

WARREN: After 20 years ['ve got an axplanation why he was so
long gone! [Laughter] This is why [ made such a tremendous effort
to save the Independence. The Navy had towed her to Mare Island.
She was seriously contaminated by the underwater blast, The Navy
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had been unable to clean her enough to get the radiation down below
our 24-hour level, Twice I went to the 12th Naval District where she
was Lerthed to persuade the commanding ufficer to delay her sinking
temporarily, - She was a fine example of ¢encral contamination in-
side and out, and would have been a fine training resource.

The first time an inexpericnced person walks into a situation where
he's surrounded by contamination and the meters show it, he can hear
the huzz on the Geiger counter, he realizes he's in a hazardous situa-
tion 2-d he's either prepared or rot prepared to deal with it, But he
should be prepared and he can be prepared to deal with it and conduct
himself with some safety, We needed a place like that, a real situa-
tion as this ship represented. But they finally (ool it out and sank it,
[ think part of it was to get it out of sight, out of mind.

FREMONT-SMITH: "Let's forget about it, "

WARREN: [t was a hazard they wanted to {urgcet.

DUNHAM: Maybe we should move on from this background as to
why the Task people behaved as they did, They behaved in some ways
very much like the Command in Hawaii, when the little fellow running
the radar at the ack-ack installation at Pearl Harbor reported he saw
some planes coming in, .

FREMONT-SMITH: Exactly.

DUNHAM: . Ithink as far as the Rongelap people go—and if anybody
wants to disagree, they can take this up right herc—that until one
comes to the end of the line almost, there's no particular psychologi-
cal problem. They were dealt with, 1 think, well, They were put in -
good barracks and taken care of. They were probably given teo
much to eat and had good medical care and there was very little pro-
testing. Isn't this generally the situation, Bob, as far as the pcople
arc concerned? They were not enthusiastic about having to leave
their atoll but they bore with xt. They were not having any aberrant
psychological responses. . :

CONARD: This is generally true. There were a few psychological
reactions resulting from the fallout situation on Rongelap after they
were moved back to the island. I will refer to these later.

DUNHAM: They still didn't really know what happcncd, They
wvere told that something happened. They were told that they had to
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have their hair washed and that they had to stay away from home for
a while,

LANGHAM: How did they respond to this?

DUNHAM: This is all second-hand from talking with them. One
of them, the '"'doctor, " what was his name?

CONARD: Jabwe.

DUNHAM: Jabwe, the ''dector, " who had some training, decided
the water maybe was getting contaminated, and [ think he forbade
them to drink water after the first few hours,

CONARD: But they did anyway.

DUNHAM: They did anyway. Some of them went swimming to get
the stuff off, Again I don't think it was a panic reaction. There was
nobody to tell them this was radioactivity; there was nobody to get
them excited, and it had happened. I think one of them who had been
in Japan somewhere along the time of the Japanese occupation, recol-

lected that it looked like snow but, of course, wasn't cold. I don't
want to steal your thunder for your afternoon session, Brb,

CONARD: They had seen previous shots,

DUNHAM: They had seen the light.

CONARD: And this was nothing uwnusual except it was much larger
than anything they had previously scen, and they described it as the
sun rising in the West, [ .hink,

EISENBUD: They wouldn't have seen the Eniwetok shot in 1952,

CONARD: They saw others.

EISENBUD: Yes. It was my recollection that the Eniwetok shot
certainly was about the same size as Bravo, wasn't it?

DUNHAM: In 19527

DONALDSON: No, no. A little less than one-fifth,
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THE FUKURYU MARU (LUCKY DRAGON) AND THE
PROBLEMS It JAPAN

DUNEAM: I think we should go on to the Japanese fishiag boat.
Ralph Lapp, you know, has written a book (Reference 4} on this
subject and there are sotne pictures in it of the boat and the crew.
I'll pass this around for anybody who hesn't seen it. It was an old
tub, not up to modern Japanese fishing boat standards, but [ think
it did have a radio aboard and that the radio was in constant com-
munication with Japan throughout thia whole two-week period. It's
not at all clear that anything was ever said about this episode in con-
versing back and forth.

FREMONT-SMITH: You mean they didn't report it to Japan at
all?

DUNHAM: No.
FREMONT-SMITH: Not until they got in?

DUNHAM: Not until they got in, Anyway, the Japanese fishermen
actually developed skin lesions, which Bob will describe quite viv-
idly for you with pictures, as appeared in the Rongelap people, per-
haps a-little more severe and the distribution somewhat different,
particularly along the belt line because they were all wearing trou-
sers and apparently collected a lot of the stuff right wherd the trou-
sers were ticd., The people are described as looking black, and you
can almost sensc—~Ralph tells a good story of this part of it—how the
almost panic situation developed over a period of 48 hours,

FREMONT-SMITH: After they got the fallout.

DUNHAM: After they got the fallout,

UPTON: Were they unaware until then that they had been exposed?
Is it clear from the log when they first became aware that they had
beern exposed?

DUNHAM: They saw the flash. They had the fallout.

UPTON: Did they know at the time?

DUNHAM:- Yes. There was no question that they had a general

idea exactly what the whole stary was and they hot-footed it straight
home. They made a bee line home, which in itself is significant.
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FREMONT-SMITH: Did they know thely were in danger?

DUNHAM: 1 don't know if they knew how much danger. There were
various degrees of concern, and what they were thinking at that time,
1 don't think we know. Ralphk interviewed a lot before he wrote the
book and he was there three years or two years later. which is 2n
after-the-fact recollection,

UPTON: You speak of panic, you mean among the crew or among
- everyone concerned?

DUNHAM: No. This was a broad panic almost involving Japan as
a whole. I want Merril to meke a real contribution now because he
was right there. When they monitored the ship, they found radio-
activity. They found that the fish, at least the top fish on the catch,
were contaminated. They began throwing the fish away. Then the
next thing anybody knew was that within a week or so they had thrown
away a million tons of fish; almost anything that came from anywhere.
They would monitor the run and they would say, "Oh, hoy, it's read-
ing, ' and right into the sea it went.. Merril, you were right there
and you saw what happened.

EISENBUD: This whole story has the same element of the Ronge-
lap fallout. For example, there's no official report of it, which is
surprising. I don't think there is one of the Rongelap fallout; at
least I've never seen an over-all comprehensive report covering the
thing ‘rom beginning to end.

FREMONT-SMITH: This is extraordinary, isn't it?
EISENBUD: Yes.
DUNHAM: What kind of a report do you mean?

EISENBUD:  Well, [ mean that ordinarily you would expect that an
incident of this magnitude would involve setting up an investigating
team and putting out a report which would be availabtie to the people
who are involved. For example, -1 never wrote a-report on my own
experience in Japan beyond the first two weeks because I just waited
and waited, presuming I was gomg to be able to fit it into some sort
of over-all report,

DUNHAM: You mean a report on the episode, how aud why?
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DUNHAM: This document here is an after-the-fact one.

EISENBUD: That s right, Normally you would expect, for exam-
ple, that.the mcteorology would be described, including the develop-
ment of wind patterns starting a day or two before and running right
up to shot time. This is not available., I asked for it before [ came
down here and it's still classified. So I couldn't bring it with me.

FREMONT-SMITH: You mean it's available but classified?

F.SENBUD: Yes, right. This would simply mean that nobody has

. taken the time to declassify it, which takes work.

DUNHAM: [ think Merril has a fcel for the way this thing built ap
in the Japanese press that nobody clse in this room can have. [ hope
that he will just devote a few minutes to this, starting with, say,
throwing away the fish from the Fukuryu Maru,

I have a few more visual aids which [ will pass around. You can
look at them a* your leisure. There is a record by Holmes & Narver®
of the renatriation of the Rongelap people, and it has nice pictures of
them and their 'abitats, :

The only thing rcally wrong about it is that the pictures of the
original houses were taken after two years of total neglect and they
arc not nice, well-kept-up homes such as Bob Conard and Cronkite
put in their report, which were pictures taken immediately after the
event. Dut otherwise I think you'll find these interesting.

The other things I want to pass around are pictures of Mr, Eisen-
bud and some of his Japanese [riends., This is the July 17, 1954 issue
of the Saturdav Evening Post, with an article (Reference 5) entitled
"The CGrim Facts of the H-bomb Accident.” This was out at about the
height of the fever both in this ountry and in Japan. [t starts:
"Shortly before noon of a sunny day last January began th2 most fam-
-us voyage any Japanese ship has made since the battleship YAMOTO
undertook the dramatic suicidal sortie from the Inland Sea.’ It shows
pictures of Dr. John Morton examining the fisherman, It shows pic-
tures of Merril wandering around on the deck of the Fukuryu Maru,
Plcase treat it gently because it's my only copy.

*The Holmes & Narver Co. was contractor to the Joint Task Force and
rehabilitated the islands of Rongelap and Eniwetok on the Rongelap Atoll.
The document referred to was never published.
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It may not be apparent from articles like this or from Ralph Lapp's
book how much rapport developed beraeen the Japanese scientists and
people like Merril, John Harley, Lauren Donaldson and others who
worked closely with them and tried to help them sort facts from fic-
tion. It was a very close working relationship, and as evidence of
this, in the special issuance (Reference 2} of the Institute of Chemical
Research at Kyoto, which is a special issue on the dosimetry, radio-
chemistry, and so forth, it says, "Furthermore, we should like to
acknowledge with deep appreciation the kindness of Dr, John i, Harley,
Chief of the Ana.ytical Branch, Hcalth and Safety Division, New York
Operations Office, U.S. Atomic Energy Commission, who provided us
with much valid Jiterature concerning the metabolism and internal
dose determination of fission products.” Many of their articles have
a similar acknowledgement at the end of the article. [ think this is
important to keep in mind; in spite of all the puhlic panic, hocpla,
newspaper reporting, personal accusatiors and unpleasant things that
may have occurred on the streets, there was,among the disciplined,
thinking scientific community,a great deal of whclesome and consiruct-
ive exchange,

With that as sort of an introduction, I'm going to ask Merril first
to tell us a little about his experiences in the development of the
problem over there. Then Lauren can tell us something of his ex-
periences. He was sent over it the request of the Japanese as an
expert on fisheries and radiation. Finally, I hope we will have time
for a little bit from two people, Dr. Schull and Dr. Miller, who were
at the time with ABCC, which was peripkerally involved, and that
they will give us a little picture of how they got dragged into the thing,

Keep to the same ground rules. Everybody interrupt, if you want
to.

WOLFE: Befo-e you start [ would like to know just what the date
was that the U.S. society found out about this fishing vessel.

EISENBUD: Well, it's a good place for me to start. They found
out the way the worid found out, when the ship put into port.

WOLFE: That was two weeks after?
EISENBUD: Yes. It was the 18th, I think,

DONALDSON: The 17th,

At ]
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EISENBUD: The 17th here, the 18th chere, I think.

DUNHAM: March 14th, precisely two weeks.,

EISENBUD: Then I'm wrong.

WOLFE: You mean our people didn't know that ship was out there?
- EISENBUD: That's right. If you've ever been on any of these:
sweeps, you could understand why. It's a big ocean ard the radar
isn't very effective on a small wooden vessel.

DUNHAM: Remember how long it took to find Eddie Rickenbacher.

EISENBUD: Yes.

WOLFE: He had the winds blow in two directions.

EISENBUD: The boat put in, Ithought it was the 17th but you say
it was the 14th, and I think the first newspaper accounts were on the
16th, as I recall, ' '

DUNHAM: Right.

EISENBUD: Now it comes back to me.

FREMONT-SMITH: The Japanese?

EISENBUD: The Japanes'e' newspaper account~ were, of course,
picked up 211 over the world, Consistent with the pattern right from
H plus 7 hours, the initial reaction here wa: lisbelief, that this was
just a propaganda stunt, that there would b -.thing to it. Dr. John
Morton, who was then director of ABCC, . - ‘ispatched pronto up
to Tokyo to help out and telephoned me in th: middle of the night.

FREMONT-SMITH: Where were you at this point?

EISENBUD: In New York. He told me that he would need somebody
who could evaluate the physical facts. There was no one there at the
time. Itried to catch John Harley, who had just left Japan, but I
couldn't intercept him, and it was finally decided that I should go there

myself.

FREMONT-SMITH: How long did it take you to get there? : -
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EISENBUD: Well, apparently I'm not too good on the dates, 1
flew straight through. In those days it was about 40 hours. [ think
I got there around the 19th or 20th, 48 hours later. There was a lot
of confusion everywhere, You've got to remember that 1954 was the
end of a very bad time for the Japanese, It was nine years post-war
but the upturn really hadn't begun. They were two years past the
Peace Treaty. The scientific community wasn't organized. The
Japanese had no instruments, not even Geiger counters. Also,
there was a lot of jockeying for position among the Japanese.

Well, I went very innocently myself. Actually I was all packed
for going into Fniwetok anyway, and within an hour I changed my
plans and left for Japan and Lad no contact with anybody until I got
there. When I got there, there raust have been a thousand people
with signs at the airport, and I wondered who the big shot aboard
was; [ found out it was I! [Laughter] Somehow or other, through
this telegram, they har wora that I was coming and were picketing.
Some American MPs had been permitted to coine to escort me into
a limousine, which was right at the {oot of the ramp.

Well, this of itself was very bad. A number of Japanese had come
out to the airport to meet me, some of whom'l knew quite well, but
I wasn't permitted to see them. They had waited for hours, and I
was put into the litnousine and whisked out to the Embassy so that I
could brief the staff, So that was the beginning.

The Japanese had no way of getting the basic information that they
needed. They knew nothing about bombs; there war no way in which
they could get, for example, information on the fission products that
you would expect, the debris, and what kind of activation products
would be present., On the other hand, the next morning one of the
firet people I saw was Doctor Kimura, who was one of the first radio-
chemists who actually had been a student of radisactivity, and who in
1945 was the cne who had taken soil samples from Nagasaki and Hiro-
shima and concluded that there was plutonium in the Nagasaki bomb,
based on his analysis and what he read in the newspapers.

By the time I talked with Kimura the next morning, he had al-
ready analyzed the debris and had detected uranium-237, -which led
him to the conclusian that there must have been an n2n reaction which
involved the fast fission of uranium-238. I mention this because at
that time this was a very sensitive fact in our weaponeering and here
[ was sitting with a man who had deduced something in a couple of
days that was known to very few people in the United States. So you

Py

e e avaAns et K e



62 DASA 2019-2

see the situation [ was in, trying to be helpful and at the same time
trying to protect information that other people thought should be held
secure.

I think that at that particular point in time the whole difficulty with
the Japanece, as far as the public relations problem was concerned,
could have been solved. The main thing that the Japanese wanted was
a statement that our government was sorry, ’

DUNHAM: Didn't one of the fcllows get inavolved with the accusa-
tion as to whether or not they were within the exclusion area, so that
it was a long time before the powers in Washington would agree that
it was perfectly possible that it wasn't within the exclusion area?

EISENBUD: That's right. [ think it was clear, and this was re-
ported, that they really couldn't tell, and that the navigation equip-
ment they had wasn't very sophisticated., The log looked authentic
but they could have been five or ten miles on one side or the other.

One thing that impressed me through this stage, which I've often
remembered as other crises developed and as I think about our peo-
ple that were participating, is how tired you get. 1 flew straight
through in 40 hours in a very excited condition wondering what it was
going to be like when I got there. [ arrived at two o'clock in the
morning of, [ guess, the end of the second day. I was whisked to the
Embassy at two in the morning and stayed in conference for about
2 hours. [ went home and got into bed for the first time in 3 nights;
[ had 2 hours sleep and then went off for the first conference with the
Japanese, and met all day. [ made a point of getting to bed early
that night, but with the 12-hour difference in time, John Bugher was
just about ready to telephone me along about ten o'clock at night,
and this pattern kept up for 4 or 5 days., [ was reaily at the verge of
exhaustion, but [ had to make a decision.

FREMONT-SMITH: Yes, which is very diificult to do in that otate,

EISENBUD: Yes. And [ don't know whether or not I made ihe right
decision; I mean, somebody else would have to evaluate this. But
when I think of the Cuban crisis and the Berlin crisis, and oi the very
few people who were at the center of this thing and who had to think
despite the fact that they couldn't get their rest. I think it's a problem
that someday the government is going to have to deal with, Chuck,
you may have been in the middle of this many times.

PRI
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DUNHAM: It's not uncommon,
EISENBUD: The relationships with the Japanese were . . .

FREMONT-SMITH: The safety of all the world can rest upon the
judgment of somebody who is exhausted, who has to made a decision.

EISENBUD: Yes. There were some obvious snafus of a very
minor nature which seem amusing, but might not be, Maybe there
are some that I don't know about that were not so amusiag., For
example, on the third night Tsuzuki who was down at Yaizu~—there
were a few fisherman down there— passed word,through ane of
the others,that I should call on him immediateiy on his arrival that
night. He was coming in at eleven o'clock that night, This seerned
like a strange time to be asking me to call on him, but I checked with
this fellow who seemed to speak good English and he said, "No, Dr. .
Tsuzuki wants you to call on him at his home.' So the Embassy pro-
vided a car and at eleven o'clock [ was up at Tsuzuki's Louse and,
of course, he came to the door in pajamas. He was expecting a tele-
phone cali! [Laughter] This illustrates ancther problem, that ‘s,
that the fact that a man -thinks he can speak English can be very dan-
gerous, The difference between ''call Dr. Tsuzuki, " which [ would
take as meaning that he wants me to telephone him, and ‘'callonhim, "
which means that you visit, is a subtle one which you can't expect
all Japanese to understand, So I einphasize this as another thing that
complicates a situation which is already complicated. He was very
gracious; he had a bottle of Scotch and we sat up and had a fine chat.

I would say that the political situation was stalemated by the fact
that the Japanese Government was very anxious to settle the thing
amicably and were willing to cooperate in any way. They were will-
ing to enter into an official agreement with the United States that
would relieve us of any further financial responsibility. But theéy
insisted that we had to say we were sorry. So while this was going
on, John Morton and I were concerned with the more technical as-
pects, and it is commorly said that we weren't allowed to see the
fishermen. This is not so. They didn't want the American doctors
to examine the fishermen, primarily because of what was being said
in the American press'and by some Americans in Japan, including a’
couple of Congressmen, to the effect that there was nothing wrong with
these fishermen and that it was all a hoax. There were two members
of the Joint Committee on Atomic Energy that came through Japan,
saw these men a few days after they arrived, saw the burns, decided
that these were superficial and made a public statement to the effect
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that the whole episode was being exaggerated, despite the fact that at
that time the blood counts were dropping at an alarming rate,

So, the Japanese understandably were reluctant to have Americans
publicly come in and check up on what they were doing. On the other
hand, John Morton and his sta{f were given every courtesy. They
looked at the blood; they stood there while the blood was being sam-
pled. They could poke the fishermen and talk with them. [ myself
got involved in this in a peculiar way. [ think you'll find it on the
front page of that Saturday Evening Post article (Reference 5) where
it says that [ wasn't aliowed to see the fishermen because I wasn't a
docior. Quite the reverse is true. [ went to Yaizu to see the ship
and had no idea of seeing the fishermen because it was almost an
impossible situation. [ had been told that the hospital was a small
hospital, that the patients were sitting on mats on the first fioor,
that there were hundreds of people milling around and that there
must have been 40 or 59 reporters, and [ didn't see how it could be
useful for me to go to see the fishermen even on a courtesy basis,
although [ was anxious to make some physical measurements on
them.

Well, at lunch that day the Mayor of Yaizu indicated quite strongly
that the fishermen would be hurt, knowing [ was in town, if I didn't
come tp see them, So, I aid go there and I made enough very super-
ficial measurements to ascertain that their thyroids were very hot.

I took samples of their hair and asked for some skin scrapings, which
I took with me. These were sent to Mew York and analyzed subse.
quently,

DUNHAM: I'm interested in what you said about the velations with
Morton and yourself because a lot of Americans got veiy upset with
the idea that the Japanese didn't invite you-to take uver,

EISENBUD. That's right,

DUNHAM: You weren't invited; there's no reason why you should
have been, As George Le Roy™ said, how would we feel if the situa-
tion had been reversed and a couple of so-called experts from Japan
came over and were to demand total access and taking over of the

#* Dr. George LeRoy was then on the faculty of the University of
Chicago and was consultant to the AEC and to the medical team that
was responsible for the care of the Rongelapese.
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treatment, and so forth. DBut this was the way it was played up in
the press.

EISENBUD: 1 got samples of urine and blood, for example.
DUNHAM: Surely.

EISENBUD: Well, we made a considerable amount of progress in
the first week. [ had set up a sort of formal organization for investi-
gating this, There was a Japanese committee established and Moz<ton
and [ were invited to all the meetings, and then something happened
which was heartbreaking and which is a matter of public record. Of
course, the American press at that time was very much involved,
Threre was a furor at home. So, it was decided that the President
woula go on television and make a statement to the public. He did
this with Admiral Strauss and there were two things in that statement
which were very offensive to the Japanesc and that causcd things to
deteriorate so far as Morton and myself were concerned. One was
the statement that the burns that the men had—if I'm not giving this .
in correct context, Chuck, say so—were not due to radiation but were
due to lye produced when the coral was calcined in the fireball and
then fell out on the fishermen, '

DUNHAM: I can remember when this hit us. We were at Kwajalein,
I could see the expression on Cronkite's® face when he read this,

EISENBUD: Yes. This hit the Japanese papers with the full knowl-
edge . . . :

FREMONT-SMITH: Where did the idea com= from?

EISENBUD: It certainly didn't come from me, but everybody else
thought it did. ' : : : S

CONARD: The faliout material was indeed caustic, though this did
not cause the "beta burns'' that later developed, o

FREMONT-SMITH: You just made a nice excuse.

# Commander Eugene P. Cronkite, of the Naval Medical Research
Institute in Bethesda, Maryland, was in charge of the medical team,
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EISENBUD: And I was completely discredited because it was gen-
eraily known that [ was sending daily reports and State Department
tclegrams as to the technical facts and they had every right to assume
that this idea came from me. The other stateme.it was that the Jap-
anese wcre presumably inside the danger area,

Well, this, coming straight {rom the horse's mouth, so to speak,
widely publicized, nationally televised, and presumably an authori-
tative statement, made it very difficult for John Morton and me to be
effective any longer. I stayed on, Ithink, for about two weeks after
that but it was obvious that very little was going to come of it.

Actually, [ stayed on for the two weeks primarily so that [ could
see some contaminated fisli, We worked out a method for monitoring

which is not easy to do because there were literally hundreds of thou-
sands of {ish piled up on the docks waiting to be shipped.

FREMONT-SMITH' These were all fish from this ship?

EISENBUD: No. The fish on the Fukuryu Maru were confiscated
immediately, They were buried and forgotten about,

FREMONT-SMITH: Had they been measured?
EISENBUD: No,
FREMCNT-SMITH: They were never mecasured?

EISENBUD: No. They were dug up and. . . no, they weren't
measured,

LANGHAM: I'm sorry, Merril. [ can't keep quiet any longer.
Again, your story sounds incredible to me. It's not that I don't be-
lieve you. 1do, because I've been through a similar exercise, It
is just that the public reaction to a radiation incident is incredible,

i think that we should be <tudying the psychology of government
relations with goverrments, Will you please tell me why such a fuss
is made over something of this nature” If a G.l. in Japan had acci-
dentally killed two or three people with a carryall, this wouldrn't
have made any news at all, Why isn't it fashionable to admit a mis-
take when it involves radiation? Do you mean to tell me the greatest
nation in the world can't say, "Okay, we made a mistake'?
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FREMONT-SMITH: We can do so anywhere except in radiation.

That is holy. That is part of our religion. We are the radiation
people and we don't make mistakes in radiation!

LANGHAM: The Air Force every now and then hits a section of
apartment houses in an airplane crash. Does that ever get the pub-
licity that this did, and why do we have to worry so much about the
American image when I think this country can afford to admit an
occasional mistake and not particularly lose face’? VYet, I know what
Merril is saying is indeed true, and [ maintain that what he went
through, what the government went through, is indeed true. The
question is what's the psychology behind this type of thinking? Why
do we feel this much emphasis is necessary when radioactivity is
involved?

FREMONT-SMITH: I'm not sure that we did very much better in
Spain., We'll come to that later, Maybe there is a tradition here of
making this kind of mistake between governments! [Laughter]

LANGHAM: It doesn't make sense.

FREMONT-SMITH: I thirk past history—and I'm afraid the future
history—removes the incradible ., . .

LANGHAM: How many accidents have we had in foreign countries
before in which the President of the United States felt obligated to
make a statement?

MILLET: It's an evidence of power in part.

FREMONT-SMITH: Yes,

LANGHAM: Why? Why is radiation unusual in this case”

MILLET: What about Vietnam?

LANGHAM: Vietnam is a different thing. Let's look at something
that's comparable. Wasn't it not so long ago—well, a few years ago
—a military plane on takeoff plowed through an inhabited arca in Ger-

many and kilied several people?

UPTON: Chuck did mention panic developing in Japan at the time.

LANGHAM: Why panic over radiation” That I don't understand.

W\
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EISENEUD: Wait a minute, Wright. Everybody knows that a plane
can crash into an apartment house and kill people,

LANGHAM: Doesn't anybody know that it's possible that ‘allout
can?

EISENBUD: This was never announced.

DUNHAM: It didn't come out clearly because there was no pubhc
announcement about this. :

FREMONT-SMITH: At least three things are wrong, or maybe
four,

UPTON: 1 don't think there's any need necessarily to defer dis-
cussion to Saturday if it's pertinent now. Isn't that right? This is
a free-wheeling kind of a meeting.

EISENBUD: Let me finish the Japanese story.

LANGHAM: Let me clear up one thing. My saying that Merril's
story is incredible doesn't mean that [ think Mernl is mcredxble'
{Laughter]

FREMONT-SMITH: We think he's incredible! [Laughter]

DONALDSO\T Merril, at this poxnt may | inject a comment about
the fate of the fish?

EISENBUD: Yes.

DONALDSON: The fish from the Fukuryu Maru were buried at
Yaizu and subsequently were dug up and sent to various laboratories,

EISENBUD: I'm glad to know that.. I was unaware of it,

DONALDSON: Pieces of these fishes have been drawn and quar-
tered and analyzed and reanalyzed, again and-again. So there is at
least a great fund of evaluations by individua)l Japanese of the contam-

ination of thése Fukuryu Maru fish,

EISENBUD: Good. I'm glad to know that.

FREMONT-SMITH: And they were contaminated?
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DONALDSON: As Merril said, some were, It was not uniform
and it was the type of contamination which we had never encountered
and have not encountered in all the years working in the Pacific. It
was not absorbed, but adsorbed radiation, which came from dragging
the fish across the deck. This external superficial contamination or
suriace contamination was easy to measure with the usual radiation
instruments, while the internal selectively absorbed radionuchides,
so characteristic in the subsequent tamples of the March 1, 1954 test,
were not found in the tissues of these tuna. You have two types of
problems as far asradiation contamination is concerned.

TAYLOR: With these fishes?

‘DONALDSON: They stopped fishing and began picking up their
lines. Therefore, you don't know just how much radioactivity came
from contamination in the water and how much was from actual fall-
cut on the deck.

BUSTAD: With regard to your second statement relative to the crew
being in the wrong position, in Lapp's book he states that the crew felt
they had been detected by the American authorities., [ assume he ob-
tained this information from the crew. didn't he? [ mean, this feeling?

EISENBUD: Yes. Well, they thought they were probably going to
end up in jail again. You see, they had been in jail probably two
months or so,

DUNHAM: They had been in jail in Indonesia.
EISENBUD: Yes, for poaching.

Well, what happened next? Maybe, Lauren, you have better infor-
mation than I do on this, It's my recollection that the American
shipping companies tock the position that they would not accept any
fish for transport to the United States that was not certified by the
American Government as being acceptable for entry into the port
when it arrived on the West Coast, and this is what caused the great
tuna panic of 1954,

DONALDSON: That was part of it,

EISENBUD: Part of it? What was the other pait?
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DONALDSON: Well, it's a rather long story. Maybe we can come
back to that later.

EISENBUD: Okay. So when that hapoened, the Japanese immedi-
ately needed guidance as to how they could obtain certification, and
we worked out some quick screening procedures that seemed to be
all right because, frankly, we didn‘t find any contaminated fish, at
least during the period when I was there. They were, however,
dumping fish, Reports were coming in that this or that boat had
dumped its load of fish because it was found to be radioactive. We
arranged with the Japanese Government that no more fish would be

. dumped until [ had a chance to look at them. b - Lelicopter and
could gpo anywhere, DBut these reports would co. a and one by one
they proved to be erroneous. The only explanation that seemed cred-
ible at the time was based on a knowledge of the tuna people that a
certain fraction of the Japanese boats would come in with defective
refrigeration gear and the fish would be spoiled. Normally this
would be a loss to-the company, but now they had an out. !f the re-
frigerator went bad, all they had to do was dump their fish and say
that it was radioactive and then make a claim.

Well, this went on for several weeks., ButIdidnot. ., . -

DUNHAM: Maybe at this point we ought to ask Lauren, because
by this time he had been called cverseas,

EISENBUD: Yes. When did you get there, Lauren?
DONALDSON: May 24th,
EISENBUD: I left May 19th. So I didn't even know you were there,

DORSON: May I ask a question about the earlier period, please?
You had said, Merril, that the Japanese did not have Geiger counters
and measuring equipment. You mean that all during this time they
had practicaily no way themselves to monitor? :

EISENBUD: That's right. They had prewar equipment. I had
brought with me some scintillation gear and presented it to them and
this was the first time that they had actually had a scintillation ¢oun-
ter in Japan., Of course, now th:y make excellent testers, as you all
know, But the original measurements were made with very »rimi-
tive ionization .hambers by Nishiwaki and a couple of others. Sol
was very much surprised by the fact that our own military people had
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very little equipment in Japan. This was Korean war time; 1954 was
right after the Armistice, I guess, or just before it. But anyway, it
was a tense period, [ went to Japan on the assumption that there
would be fully equipped radiochemical laboratories in our military
establishment, but as near as I could find they didn't exist. So I had
to send samples all the way to New York to get them analyzed.

DOBSON: So, when one looks at it from the Japanese point of
view—and Japan is a busy country with many ports and a great deal
of fishing~at least up until the time that you got there, Lauren, fish
were coming in off of many boats in many ports and there were very,
very few pieces of equipment in Japan that could be used for surveys?

EISENBUD: Yes. We provided the equipment, We had some
Geiger counters.

DOBSCN: But how many ports could you inspect?

EISENBUD: My recollection is that there were about 16 ports. Is
that right? - '

DONALDSON: I really don't know, Merril.

EISENBUD: It wasn't any largei' than this. It might have been 12
or 14, but it wasn't very many. It wasn't a large number of ports.

WARREN: But you couldn't be everywherc with your single equip-~
ment,

EISENBUD: No, but we trained the Japanese. We had, Ithirk,
some 30 pieces of equipment flown in and they were able to make
measurements, Their plan was that when they found radicactive fish
they would phone Toyko and I would fly down and take a look at it.

DUNHAM: Maybe we should ask Lauren why he was pulled over
there and what he found in the wake of Eisenbud's visite in terms of
public relations problems ard relations with the scientists.

DONALDSON: Well, maybe we‘_can go back to the bgginniﬁnghich,
I guess, was March 1, 1954, —_

During each of these test operations our group was busy in the
Pacific, studying the biological effects of the radicactivity., Quite in
contrast to Merril's statement, which I'm sure he didn't mean~he
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said there was no fallout—we know it just went into the ocean., This
doesn't mean there isn't fallout, I'm sure you didn't mean it, Merril,
It just didn't fall out on, . . :

EISENBUD: Land.
DONALDSON: Yes. Justto clarify this one point,

The fallout into the ocean in this case presents an entirely differ-
ent group of spectra as compared to the fallout on the land, except
for the Japanese incident—and this is important: the Japanese get
about 90 percent of their source of protein food out of the sea, so it
doesn't make any difference whether it's tuna fish or clams or oysters
or what not, The Japanese are greatly concerned about radiation in
any form, that is, with respect to the contamination of any food that
-they get from the sea. You have this unique, almost hysterical back-
ground of the Japanese people regarding radiation from their experi-
enc »s during the Hiroshima and Nagasaki bombing, and along with
tha, fear of airborne contamination is almost a mania with the Jap-
anese. One always sees them with a face mask when they have a
cold.

The problems of actual measuren.ent of radiation in the sea were
further complicated by the question of where it went. Also there was
the resistance on the part of the Task Force to understand what we
felt, to shape up to their responsibilities, to actually get busy with
the measurements. It wasn't until March 26th that we got the first
expedition underway, that is, 26 days after the event the first expe-
dition went into Rongelap to actually do some rather thorough surveys.
Even this attempt was hampered by Task Force orders calling the
des‘troyer back for patrol duty while we were still on the contaminated
islands.

DUNHAM: I.auren, [ think you ought to get back to Japan.
DONALDSON: I will in just one minute,
DUNHAM: I don't want to steal your afternoon thunder at this point.
DONALDSON: The levels of radiation were in the order of magni-

. tude of 100 curies per square meter on Ebeye Island on March 26th,

so we're talking about appreciable amounts of radiation.

All right, now over to Japan.

f
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EISENBUD: That's 100 curies extrapolated to March 1st.

DONALDSON: That's right. Extrapolated back to March lst as
measured on March 26th,

EISENBUD: That's right.

DONALDSON: The situation in Japan. I was sent there on two
assignments, One, my direct responsibility was to help in any way
possible to aid the Japanese fishing industry and the people who were
responsible for the management of that industry. Two, I was to aid
in any way in providing information on actual radiobiological prob-
lems. However, as it turned out, about 99 percent of my efforts
were devoted to the field of public relations, as Merril has indicated.
This was the real problem and one was faced with it day by day. The
port of Toyko was in tremendous turmoil because there were mass
demonstrations against the Americans, This was true at Nagasaki;
it was true at Yaizu. There were banners, and this is a direct quote,
"It doesn't take a bullet to kill a fish seller. A bit of Bikini ash will
do the job.' Well, this seemed a bit out of context at the moment,
but in the area we're talking about I think it does make sense.

If we take tuna fish alone, during the spring of the year the Japa-
nese eat about a million pounds of sishimi, or raw tuna fish, a day.
It's a delicacy to them, and it's part of the ceremonial tradition of
Japan to have sishimi in preparation for the Emperor's birthday on
April 29th,

On March 17th, when the news of the Fukuryu Maru incident was
publicly announced in Japan, the tuna sales dropped to practically
zero throughout Japan, If we take a concrete illusiration, there are
over 1,000 fish markets in Tokyo alone, retail fich markets, Many
of the merchants come on their bicycles, buy a tuna fish in the mar-
ket and carry it to their shops. A tuna fish then cost about $35
American money. The sale of these fish represented the sole source
of livelihood for the small shopkeeper. They didn't sell the tuna fish,
so it decayed and they had to bury it, That was a month's pay or
their livelihood. This went on for some days and thus their source
of income was stopped., This situation for those people was economic
disaster. Or maybe you had a boat that went out to sea and had been
gone for six weeks or up to three months; you returned with a load
of tuna fish that would be sold to pay off the expenses and the fisher-
men, But the tuna fish wouldn't sell, not because it wasn't {it to eat
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bit because: (1) the Japanese wouldn't eat tuna because of fear; and,
12) the United States committed an unfortunate faux pas, as Merril
indicated, in saying, '"We will not import this tuna fish unless it's
-certified," This was ridiculous on our part but cur tuna fish indus-
try was adamant and they were extremely vociferous in reiterating,
"We're not going to be subject to the economic ills of Japan. That's
their problem, ' although, of course, our nation was largely respons-
ible for creating the environment that made this problem,

The fishing vessel owners, then, and the crews, were subjected
to economic disaster. ) :

1 think we were inclined to minimize the overall sociological and
emotional impact of this sort of thing upon a people whom we nor-
mally should consider our friends after the war, We did not, how-
ever, take into consideration the overall impact of this unfortunate
event.

Thus, during the first few days we assumed this trauma would
disappear, but there were certain other very real problems within
Japan, which, I am sure, have never been documented. Merril
left about the time it was becoming increasingly evident that the
press—always antagonistic=was willing to grab some bit of news
and immediately blow it up into a big headline, This was a.great
problem in Japan. Very carefully planned sessions were held with
the American Embassy staff and with the Asiatic section of the Jap-
anese Foreign Office, and very carefully laid plans were developed
to handle situations as they arose; we discussed all aspects of the
situation. Then there would be big headlines in the Japanese press:
"The rara [kelp] is contarninated with radiation. This radiation
problem was discussed at the 1neetings but the levels were not pub-
licized. Surely, you could measure fallout by this time in the onshore
drift. It was detected in small amcunts; this had been discussed, but
it would be blown up to a big headline. . ' ’

So you have this weird conflict, our failure to face up to what we
felt were real responsibilities, to do what Wright suggested, make
a forthright statement, '"This is what happened—period, '’ which
was not done. ‘Mass hysteria spread through Japan, a country where
this cculd happen because of the previous experience of the Japanese;
in addition, there was an attempt on the part of some to discredit any
move in the way of a solution or to disrupt anything which might con-
tribute to a logical solution. All of these interacting factors tended to
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prolong and prolong, indefinitely, this mass hysteria into a very real
international problem

CONARD: 1 would like to add a postscript to what Merril was say-
ing in regard to the examination of the fishermen,

In 1964 I was invited to go to Japan to examine the Japanese fisher-
men. I think this is the first time since you were there, Merril, that
this invitation had been extended. When [ arrived there I was sur-
prised also, as you said, with the amount of pre.s coverage, a large
number n.:sting the plane., I was taken to the American Embassy
and they wanted to know exactly what it was all about and what we
intended to do and say, and so forth, They seemed to be satisfied
that everything was all right, And so we proceeded with the exami-
nations at Yaizu. Dr. Kumatori (Reference 6) was the Japanese phy-
sician who was ir charge of the examinations.

Everything went along fine except that <verywhere we went in
Japan we were besieged with reporters and television people who
made a big to-do over the whole thing, Certainly it was apparent
that even at that time, 10 years after the accident, the Japanese were
still very sensitive about anything that had to do with radiation and
particularly fallout,

ROOT: I think this sensitivity, this continuing sense of outrage,
persistently stimulated by the press, and exploited by political par-
ties, stems directly from the 1954 shot and was exacerbated by our
handling of it. I was in Japan in 1964, As a journalist [ made con-
tacts through fellow journalists with many officials, doctors, and
scientists, They were far {rom reticent in our discussiors. They
may have been more outspoken with me because I came with their
own friends or acquaintances and was not on an official mission or
connected with government activity. They told me that the widespread
reaction of horror crystallized into anti- American sentiment; chan-
neled into political segments; mobilized women who had ncever before
had any political interest; infuriated the whole country. Many called
it the third U.S.. atomic attack,

FREMONT-SMITH: This one?
ROOT: Yes, Bravo.

FREMONT-SMITH: More so than Hiroshima?
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ROOT: Yes. This had a greater political effect because Hiroshima
and Nagasaki were in the context of war—to that extent understandable,
This was completely unwarranted—and the U.S. reactions seemed so
callous—not even, [ was told repeatedly, saying we were sorry, or
taking any responsibility,

Furthermore, it played into a tense political situation, The fish-
ermen came back two days before the Diet was to rati{ly MSA.

DUNHAM: What was the MSA?

ROOT: Mutual Security Agreement—after Korea. It was terribly
important that Japan become a responsible member of the organiza-
tion, The Yoshida cabinet was entirely favorable to the U,S. and’it
looked as if there would not be too much opposition. Then the fish-
ermen arrived. Demonstrations flared up everywhere, You had the
trade unions, three million strong, protesting. The cabinet tried to
counteract the anti-American feeling but a tidal wave of anger inun-
dated the country. It was just dirninishing when Koboyama died.
This was portrayed as a radiation death,

FREMONT-SMITH: This is the fisherman that had the transfus‘on
and the hepatitis? ' :

ROOT: Yes. Japanese doctors give very small blood tfans[usions.
and Koboyama needed a great many, -

Timing in Eurcpe was unfortunate, too, At the end of January 1954
Secretary Dulles made his '"massive deterrent' speech anncuncing a
radica: change in our policy; we had decided that the atomic weapon
as a massive deterrent was our shortest cut to peace. In February,
Vice- President Nixon stated that we were tired of being dictated to as
to time and place, and were going to call our own shots from now on.
The NATO countries, Great Britain and the others, were terribly
concerned about this. As staging areas they expected anv such mo-
mentous decisions to be the subject of consultations at least. '

To cap the political confusion and dismay in Marck, came news of
the heavy fallout froin the "Bravo' Shot. And where did the press get
this information?” From Tokyo. As you know Tokyo is a very large
city. ‘Tt has reprcsentatives from the press of every major country
in the world, Suddenly the whole of Europe was flooded with grim
heac ines+~and no explanation from the United States. The first
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explanations, when they cam., made us ook even worse. ''The skin
injuries might be lye burns—from the unslaked lime of the coral. "

Dr. Tsuzuki went on the air internationally—a l5-minute speech trans-
lated into all Western languages—to describe the injuries. He said it
was ironic to tell him that radiation burns might be lye burns, when
he had worked all his professional life with radiation, and had been
the first to go into Hiroshima. He made a few unpalatable remarks
about the ABCC, and about the Americans using the Japanese as
guinea pigs.

There was much misconception about the purpose of the ABCC
among the Japanese., They did not understand that the ABCC was a
rescarch organization and not allowed to treat patients, as that was
against Japanesc medical policy. For years resentment had been
building up because radiation victims would go to the ABCC, be exam-
ined and tested for days—and then sent away without consistent treat-
ment, The idca spread, fanned by anti-American interests, that they

"were being used as guinca pigs to further American science. [ was

told that this was one reason the fishermen and their doctors refused
to permit examination by American radiation cxperts and doctors,

In England, Prime Minister Churchill was grilled for 7 hours Ly
Farliament with the Members insisting he call the American Govern-
ment to account, demand an explanation—~and the Prime Minister pro-
testing, "I will get only a rebuff, I think we ought to have an explana-
tion but we can't demand it, "

The image of the scientist underwent a sad change—~and { think this
is not simply a literary curiosity., Beforec 1954, the prototype was
Pasteur, Einstein, dedicated men working for human good. Other-
wise they were ''mad scientists.' Simultaneously. as if on cue, after
March 1354, scientists became ''sorcerer's appraentices” in every
European language—English, German, French, ''Mad scientiste”
dropped out of the literature, All scientists are now in league with
the devil,

FREMONT-SMITH: They are all mad. Very interesting.

ROOT: I hope I haven't taken too much tirne, This may be entirely
irrelevant,

UPTON: You mentioned earlier, Chuck, that there were a couple
of prople in the room who were at ABCC then.

. "'_\“"
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DUNHAM: Yes.
UPTON: 1 wonder if you would like to have them offer comments?
DUNHAM: Yes. Dr. Schull!

SCHULL: I would like to make two observations which I believe
are pertinent before [ describe the situation in Japan.in 1954 as [
saw it. First, we should bear in mind that the Japanese are uncom-
monly health-conscious, and to an extent that some observers feel
borders on hypochondria. The face mask, {or example, is a ubiqui-
tous part of the winter scene, or at least wau in those years.,

DUNHAM: They can't outdo us.

SCHULL: Possibly not. The second observation is that there
seems to be no history of responsible journalism in Japan. The
three large presses, Asahi, Yomiuri, and Mainichi are in a perpe-
tual circulation war and they are generally prepared to take advan-
tage of any situation which might enhance their status vis-a-vis one
another, These two factors, when put together, can seriously re-
strict the relevance of the Japanese experience for a nation with
different journalistic traditions,

As to my experiences in 1954, the story begins in the summer of
1953 when there was convened in Ann Arbor a small informal group
whose function was to decide whether or not the clinical portion of
the genetic studies then inder way in Japan should continue. It was
our task to determine whether enough additional information could
be gained to wzrrant further investment of manpower and money.

The consensus was *hat this was unlikely; the basis for this conclu-
sion rested largely on the knowledge that many of the exposed indi-
viduals were reaching ages at which no further reproduction was to

be expected, and hence continued study would merely increase the
“"control' observations which were already much more numerous than
the "experimental.'' There seemed, therefore, no particulariy strong
reason to continue the clinical portion of the studies, and I had gone
to Japan shortly after the first of the year in 1954 to terminate that
segment of the genetics program.

Shortly aftar I arrived, there was held in Tokyo a review of ABCC'se
research activities; this meeting was attended by most of ABCC's de-
partmental chiefs and a substantial number of Japanese scientists.
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There was still manifested, I believe, some of the hostility which
had arisen in certain Japanese scientific circles in the years imme-
diately after the war. Most of the physicians with ABCC, and, in
fact, most of the American physicians who went to Japan couldn't
communicate effectively with their Japanese colleagues, few of whom
spoke English., The language of medicine ia Japan has been German,
and only recently has English come to play a prominent role in the
exchange of medical information, It was not easy under circumstances
such as these to establish rapport. The situation with respect to gen-
etics was quite different. This was ascribable to a number of largely
fortuitous happenings. First, there was a firmer body of experi-
mental information from which to attempt extrapolations to Hiroshima
and Nagasaki, and even to the members of the ¢crew of the Fukuryu
Maru. Second, many of the Japanese geneticists of stature at that
time had been trained either in the United States or in Europe, and
as a consequence we often spoke a common language, nariely, Eng-
lish, Japancse geneticists, in general, strongly supported ABCC's
genetics program; whereas the endorsement tha* was being given to
medicine, for example, was of a more qualifizd nature. The absence
of a strong endorsement encouraged opportunists and oppo-tunism,
and the Fukuryu Maru incident was replete with both,

The emotional climate that was created in Japan when word reached
there of the Fukuryu Maru was really a very strange and almost un-
believable one, Rightly or wrongly, I'm inclined to ascribe it in
large part to the '"devil's brew" to which [ have previously referred.
The newspapers seized upon the incident and began a drumfire of
daily accounts which almost seemed intentionally designed to heighten
anxieties, real or fancied. The Japanese government as well as our
own had effectively lost control of the situation, The newspapers had
"grabbed the ball and were running with it. "

I can recall quite vividly some of the headlines which appeared.
There was one, for example, in the Osaka English-language Mainichi;
the headline said; "WBC counts of fish-eaters rise.'" It appeared
shortly after it had been announced that radioactively contaminated
fish had accidentally reached the Osaka market, and that some had
been inadvertently sold. A few individuals who had presumably eaten
the {ish were being studied by local authorities, This headline ac-
companied a report of their work which, by the way, was unobjection-
able. They had cavefully indicated that numerous factors could pro-
duce a rise in white blood cells, including upper respiratory infections
so common at that time of year: they further stated that on this account
one could not conclude that the elevation was necessarily due to the
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consumption of the fish. This nicety was lost on, or at least ignored
by, the writer of the headline, The effect of this article and others
like it was far-reaching, however. Shortly after the appearance of

_the one in question, ABCC was vicited by a woman and her daughter

who Lad been in Osaka when the fish were sold. The mother and he:
child insisted that something had to be done for them. They were
really quite concerned, and were certain they had eaten the contami-
nated fish, We didn't have the vaguest notion, of course, what should
or could be done i{ we assumed that they had, in fact, eaten the fish,
If I remember correctly, to easetheir apprehensions stool specimens
were obtained and examined, and this had the desired palliative ef-
fect. At least they left with the telief that someone was interested in
their health, This is but one small indication of the near hysteria

- engendered largely by the newspapers, I'm sure that Bob Miller can

add to these experiences,

MILLER: [ was too far from the scene and too inexperienced in
Japan at that time to be much of a witness as to what was occurring,
But | would like to point out that four years later, in 1958, Dr. Schull
and I, among others, rcturned to Japan to make a study (Reference 7)
of children who were in grammar school then and whose parents had
either not been expused to the bomb or were too far irom it to have
received significant exposure, In Hiroshima, of 2,200 children who
were invited to c yme tor examination, 97-1/2 percent did come.

In Nagasaki, of 4,500 invited to come, 99 percent did so. So, four
or five years after the Bikini incident in 1954, there was not much of
a hard core of resistance as a result of that experience,

I would like to bring our attention back to Dr. Langham's gquestion
just before this discussion began: Why is radiation so evil? [ think,
since he asked the question, we have heard some of the answers to
it. I wonder how he feels about it now, after hearing that the news-
papers inflamed the public, the Japanese physicians were jockeying
for position, and the governments, both U,S. and Japanese, were
unprepared to handle the circumstances and made a mess of it?

LANGHAM: Well, I think this is the evil. ; No one respects radia-
tion any more than I, but I don't think radiation is an insurmountable
thing at all. It may be that the psychological impact created by the
press and everyone else concerned is incompatible, This is exactly
what I'm trying to get at. All of these affairs get blown into some-
thing that is far beyond their real importance. Now, why? Maybe
some of the answers are coming now, but I don't think this means that
radiation is something we can't live with'at all.

R e
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DUNHAM: We can live with cranberries and pesticides, but for a
while it got blown up all out of proportion, too. It just happens that
radiation has created more of these situations than some of the others
up until recent years.

EISENBUD: I think that this even is one of the really few impor-
tant historical events in all of history., We woke up ore morning and
found that we had bombs that could be exploded if we knew how to use
them. It threw our government into such a turmoil that they knew
they had to say something but couldn't decide what to say until, when
- was it, Chuck, that the first real statement came out? ‘

DUNHAM: Well, the first release containing any details came out
nearly a year later, February 15th, or something like that, of 1955,

EISENBUD: It took a year for your government to formuiate a
position. This wasn't because they were dismissing it cr that this
wasn't important, but it was because they couldn't agrce on what their
actual position was,

UPTON: It seems to me we have here a very real concrete evi-
deunce of disaster. We have fishermen who are sick; fish that have
to be thrown away and in turn, a ban against the importation of fish
that aren't certified; economic disaster in Japan; newspapers which
are eager to play up sensational stories; political groups who want
to make capital out of this, There's certainly every element of a
problem. The difficulty was assessing the magnitude of the problem
soon enough. :

EISENBUD: But, you see, there's one element that hasn't been
brought out. Thatis that anyone could take that diagram and lay it on
a map of Europe, let's say, by putting Bikini near some important
Soviet airbase, and point the wind anywhere you choose to, and get
800 r per hour running through friendly nations, This is why I say
we have bornbs which we are probably no longer in a position to use;
imagine the impact of this possibility militarily.

UPTON: But at the time, surely the dimensions of that zone were
not known very generally, so that the Japanese couldn't really be sure

how widespread the contamination of the sea might have been,

EISENBUD: Ralph Lapp, I think, published the first of these dia-
grams, and it seems 10 me it was in the Bulletin of Atomic Sciences

—
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within a year, [ think it actually preceded our official announcement,
as I recall.

FREMONT-SMITH: We're not the only government that didn't know
how to handle a radioactive accident, If you will all remember how
the British Government fumbled the Wind Scale accident, announcing .
beforehand that there was no danger of any kind at all and then grad-
ually having to admit that there was more and more, and then the
milk all had to be dumped. J think that our lessons are there, but I
think every government gets caught in this kind of thing or is in dan-
ger of getting caught in this kind of thing. But the first thing to do
on the government's part is to deny that anything dangerous has hap-
pened, which is almost standard procedure, and then gradually it
leaks out, whereas actually this is the way that people lose faith in
the governinent. The credibility gap gets bigger and bigger, and [
think certainly this is true in this country. If something happened
and if we had a firm announcement from the government of this, the
people of this country wouldn't have much confidence in this,

WARREN: This is true in industrial practice, too. If somebody
. let's loose a noxious chemical, they deny everything and then face
the issue hours later or days later. The troutle is that their insur-
ance figures are involved and the cost of paying off is involved, and
they want to keep it as limited as possible. We are somewhat in the
same frame of mind at the government level, aren't we?

TAYLOR: It seems to me it's a very, very important fact of life

that the worldwide public has lost confidence in the official spokesmen’

of the governments of several nations as a result of a consistent de-
nial. . .

FREMONT-SMITH: Of the truth,

TAYLOR: . . . of the truth by spokesmen for these governments,
and that's the state of affairs that now exists. ' .

FREMONT-SMITH: Then we are also talking about the credibility
gap between the younger generation and the adult generation in any
country which is part of the same thing., We have lied to the young-
sters repeatedly, again and again, and the youngsters don't have
any confidence in the adult world. [ think it’s a very broad problem
we're talking about. This may be true in a good many other coun-
tries, tcn,
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WARREN: And yet, as Wright says, the information is always there.
FREMONT-SMITH: What?

WARREN: The principles on which these decisions could be made
have been there from the beginning.

FREMONT-SMITH: Right,
EISENBUD: I don't think it sinks in.

CONARD: I get impressed with the ignorance of the lay public with
regard to the simple facts, When you talk to a group, it's obvious
that they just don't understand the simplest things about radiation.

TAYLOR: I claim they haven't been helped by the official spokes-
men, at least in the United States. They've gotten very little help
at all because the very first words that were published were, "Don't
worry. We know ‘what's being done." Then followed Castle, the
situation in which the natives were seriocusly irradiated, and yet
obviously we didn't irradiate the natives on purpose. Obviously we
didn't know what the hell we were doing. This has happened so many
times. We deny the fact that we didn't know what we were doing, but
there is no basis for confidence any more. I think that is central, I
think that this central fact, that the public has, on the basis of the
record, a positive lack of confidence in what they are told, is going
to have a profound effect on what happens. i

FREMONT-SMITH: In the future. ?

] TAYLOR: If one or twe explosions or a whole lot of explosions

really start taking place ia anger you will get irrational behavior 2
which is a result of irrational behavior, namely, the way in which
it's been handled by the U. S,

ROOT: We go to the other extreme in assuriny the people that
democracy can oaly exist on the basis of an informed public, that
the public has a right to know., After the 1954 incident there were
big headlines in London and other countries proclaiming '"lke Demands
Candor, Ike says the people who are going to be subject to this and
whose taxes pay for this have a right to be consulted as far as se-
‘crecy permits; that everything that can be told should be told.'" There
was a great wait and then the British papers asked, ""Where is this
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candor? The United States population is waiting fo~ candor,"” We
don't realize here how much is made of that abroad, or how cynically
the oft-repeated ''people's right to know'' contrasts with the official
pronouncements when they do come out.

The first acknowledgment of the fallout from Bravo was one sen-
tence: "During a routine test, some Marshallese natives and weather
officials were dusted” or some such word. The mystery of that, with
no follow up, and then suddenly the Japanese thing, I think is at the
root of the fact that people can't even hear the words "hydrogen bomb"
without going into paroxysms. What help have they received to under-
stand what happened? As a result of not knowing, a mystique has de-
veloped that makes the very thought paralyzing.

UPTON: How long ¢id it take to get the tuna industry back into
more or less standard operation?

FREMONT-SMITH: In Japan?

UPTON: In Japan. It was disrupted there for a time, We heard
Dr. Donaldson say that,

DONALDSON: It is difficult to put an exact time limit on this prob-
lem because the fear flares up or has flared up each time there has
been a subsequent test., The pulse of the people is still agsociated
directly with any testing or any announcement of testing, The surpris-
ing thing is that the French tests and the Russian tests haven't been
upsetting to the same degree.

ROOT: 1 was in Japan during the Chinese test. The Japanese were
busy demonstrating against the arrival of an American nuclear sub-
marine in one of the northern harbors and paid little attention—other
than a kind of pleased recognition tha: the Chinese pulled it off. [ was
told that the ceremonies commemorating Hiroshima Day would prob-
ably have ceased by now because there are few enough interested in
going, but the Yaizu fishermen have given it a new and bigger lease
on life. An interesting insight was when the Sino-Soviet split came.
They had to hold two different ceremonies and Mrs. Koboyama, widow
of the man who died, finally refused tc go because she was being
pulled in both directions. One of the meeting. climaxed in heated
argument about whether the Chinese Communist :“avernment or the
Soviet Government had sent greater contributions to support this
memorial, The contributions were openly acknowledged.
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DUNHAM: I think it points up again that it isn't particularly right
because it's radiation. This is just something simply seized on,

WARREN: This is part of the cold war.

DUNHAM: Not the government people or most of the university
people or most of the scientists. The fallout they've had from some
of the Chinese tests has not been played up very much in the Japanese
press,

TAYLOR: I think the mystique is right here at hcme, typified by
a comment that President Kennedy made to Jerry Wiesner when they
sitting together in the White House and it was raining out. Kennedy
asked Wiesner whether tiere was fallout in the rain that was falling
on the White House lawn, and Wiesner said, "Yes, there still is, ™
This was an intense emotional experience for the President, to see
rain with fallout on the outside; nothing connected with anything in any
way quantitative at all. As far as he was concerned, that rain that -
was falling outside was bad,

ROOT: 1 think it's a little dangerous.to equate radiation with cran-
berries, though, because we know what radiation can do. There
- should be a legitimate and respected fear of it. :

DUNHAM: I'm not saying it shouldn't be respected, but it happens
in certain areas where the psychciogical seed has already fallen,

ROOT: I think the psychological seed germirates and flourishes
because of the ultimate lethal threat.

DUNHAM: The pesticides areé lethal, So is radiation,

WARREN: Not everybody buys cranberries and couldn't care less, '
but everybody is subjected more or less to the fallout,

DUNHAM: So is Vitamin A. It!s toxic, too.

MILLET: This, Ithink brings up another point perhaps. We've
been talking about our dissatisfaction with leaders for not giving us
the information that we ought to have. I think we're getting into the
area of the mystique of the leader in this country, and perhaps one
of the great problems hasn't been touched upon sufficiently vet, which
is that our leaders are not sufficiently well educated to know what to
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think, and therefore, what to act or what to say. They are constantly
changing their minds from une position to another, which is one of
the problems that is due to their political needs and their careers.

It seems to me wc have two ends to work on here: Ilow to get cor-
rect infor mation that is capable of solving problems to our leaders
and how to educate the public. Now, if the general public doesn't
want to bhe educated, this is something we've got to know, and perhaps
we could do more than we've been doing in our educational system to
get them to understand the environment in which they are thrust when
they are born, We can only do a limited amount in getting them in-
terested in the world in which they live. On the other hand, the lead-
ers are certainly very interested in the world in which they live. Per-
haps this is the primary goal for our efforts, to try to get the proper
knowledge to our leaders.

WARREN: What you are saying is that our lcaders don't have the
proper father image for the community of the world at arge, and in
this caanc the father image has been tarnished if rot destroyed.

POOT: But they always talk the right father image. That aggra-
vates the problem.

MILLET: Yes,

DUNHAM: Isn't it one of the fundamental problems that leaders,
almost by definition, are amateurs” They've never faced a partizular
crisis until they face it,

FREMONT-SMITH: That's right,

DUNHAM: This is a dilemma that the world has been facing for a
good many years and I don't know how you can just suddenly say that
these people are more stupid than somebody else. It's a perconal
problem, as you hinted at.

FREMONT-SMITH: And the thing is partly compounded by the elec-
tion every two or four years, which means leaderships change or there
are desperate efforts to maintain leadership at any cost, because that’s
‘the time you'll be able to really show your responsibility, after you've
been re-e¢lected.

DUNHAM: Yes.

T e m——
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FREMONT-SMITH: So you've become irresponsible interms of

the election, hopefully in order to be responsible later, and the thing
goes on in a vicious circle,

ROOT: 1 think the professionals have not demonstrated any greater
aptitude than the amateurs. It was President Eiserhower who said,
“We must give an accounting of this. We must let the nations know, "
He was sensitive about the NATO reaction and the public reaction,

He wanted as much information released as possible-—to help them
understand. But State Department rules are rigid, Certain formulas
determine our dealings and interchanges with our own people and with
other countries., Those are the things that are sterile and constrict-
ing. I think if more responsibility were left to the amateur wito has
the confidence of the people inasmuch as they put him up there, and
to the man in the affected area who knows tae customs and the teniper
of the people concerned, there would be less suspicion and hostilily
in times of crisis. The sad par. i< that though the crisis passes, the
feelings tend to persist,

WARREN: I would like your consultation and th=t of your confrere
on your right, because this is what we're really talking about in this
whole meeting. So I don't «xpect to get an immediate answer on this,
but isn't this an opportunity?

ROOT: I know that I can get more information akroad, as Congress-
man Morse pointed out in the security hei.rings,about situations abroad,
and about situations at home than I can get at home. I think that we
have one of the most hysterical, panic-riddeu attitudes toward releas-
ing informatiun of anv free country.

FREMONT-SMITH: On account of security, on account of classi-
fication,

ROOT: This delusion of grandeur impedes scientific progress and
destroys public cornfidence, . .

DUNHAM: I would like to challenge this.

ROOT: . . . because it's really going to destroy us.

DUNHAM: You mentioned the ineptitude of Wind Scale, I've seen
what the British atomic authority releases, and some of the things

they don't release in the way of information. And if you think we
are. . .
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ROOT: No. [ know Wind Scale.

DUNHAM: Not Wind Scale, because it ail came out. The British
public never even hears about it.

ROOT: It didn't even come cut about Wind Scale because, as the
person who told me called it, of a failure of management, He said,
"Yeu can count on management to fail becausas« they areé protecting
other values., Wind Scale has never been accurately explained, and
they arc doing it. "

I think the British Government picked it up from us. They used to
“be much more open.

FREMONT-SMITH: Yes,
DUNHAM: [ don't know if it's all our fault,

FREMONT-SMITH: A good shars of it is our fault, a good recason-
able share, :

DUNHAM: The British don't publish a lot of the kinds of informa-
tion on radiation exposures that we've published and things lixe that,

FREMONT-SMITH: Look what we've done. What is tolerable radi-
ation dosage in industry? We've had to lower the amount year by year.
Instead of coming out with a cautious statement and then finally com-
ing out year by year and saying, "Yes, we cantoleratc a little bit
more, ' it's been in the opposite direction, hasn't it?”

*WYCKOFF: It is of interest to docrment this decrease, In 1936 the
Commiittee now called the National Council on Radiation Protection and
Measurement (NCRP) recommended a provisinnal "tolerance dose’ of
0.1 r per day, but suggested that'a "'generous safety factor'’ be applied
(NBS Haadbook 20), By 1949 the NCRP was recommending a ''per-
missible dosage rate' of 0.3 r per week (NBS Handbook 413, The
rationale for the reduction was contained in NCRP recommendation

of 1954 (NBS Handhook 59), 1lhe differences were attributed to differ-
ent types of measurement (surface dose initially and at that time to
dose in the organ of iaterest), to a large variety of radiation sources
and to a great:r knowledge of the hiological effects of radiation. How-
ever, it was pointed out in that document that these recommendations
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DUNHAM: It has been.

FREMONT-SMITH: 1 think this is part of the same thing we're
saying. Say they announced a kind of thing that would make everybody
fecl more comfortable and then they found that they werc wrong?

DUNHAM: Yes, but some have gone up,
FREMONT-SMITH: Yes,

DUNHAM: Some have gone up and nobody says boo. The British
do the same thing. They wait uitil there's an international agreement
on it before these things are changed anyway,

FREMONT-SMITH: Still [ think the esscntial feature is that [ don’t
think one can be very proud of the way we have dealt with the public 1a
terms of . . .

DUNHAM: 1 think there's a great deal of holding back, but to say
that the British are vo open or so frank with their people compared
to us [ think is a lot of nonsense because | know just how frank they
are not,

FREMONT-SMITH: I'm against the British! [Laughter]
DUNHAM: I love them,
FREMONT-SMITH: 1 know. ['m teasing.

DE BOLER: It is not a question of sccrecy alone, In this week's
Industrial Research, Admiral Rickover characteristically criticized
the Navy and contended that the Navy had gone "downhill, ' He listed
three things: (1) the so-called "new religion” of cost effectiveness
studies; (2) the "Zero Defects Program’™ which he equated with 'mother-
hood;" and (3) ""the unwillingness to assume responsibility, " as the

*(cont'd) excluded consideration of genetic changes manifestable in
future generations. Additional information on genctic cffects and
possible shortening of life span obtained from animal experiments and
human exposure at considerably higher doses indicated a further re-
duction in 1957 (Addendum to NBS Handbook 59, The exposure of a
larger fraction of the population was also involved. It should be pointed
out that no relatable effect has Leen observed for any of these levels,
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cause of this phenomenon., It is particularly the third reason which
has a direct tie-in with secrecy. In eleven cases before a Senate
subcommittee, secrecy or security was claimed, while trying to
identifly the man responsible for making certain decisions, The facts
were that after days and days of digging, the decision maker could
not be found. Everyone was hiding behind someone else.

FREMONT-SMITH: Who are you quoting”

DE BOER: Rickover, These were cleven cases in which the re-
sponsible man was never found, In other words, something was ‘
originated, like a contract, but nobody was willing to assume the
responsibility for that contract and say: ""Here l am. 1 originated
that contract and [ was right in doing su because at that time, etc.

« « + " No, there was always someone who could say: "I was told
to do so Lut I can't divulge the source.” This comes close to secre-
cy although it ia not officially labelled so,

EISENBUD: | think Chuck Dunham is correct when he says that
generally throughout the Atomic Encrgy program there's been a
candid policy. I don't think we need take the time to 2xplore it un-
less you want to. I thiak the policy has been a candid one, but there's
something different about this particular instance and it doesn't
necessarily involve the Atomic Energy Commission ‘n thie respect,
The fact of the matter is that when | lcarned that Miss Root was work-
ing on the historical implications of this matter. I referred her to a
package which [ had teft in the New Yaork operations office in which
I pulled together all the documents that | thought would be useful to
somebody someday; I left it with inslr’uc'ti_ons that it- shouidn't be dis-
persed. Most of this is pretty innocuous stuff, things like metero-

lugical reporty, teletypes which give you the time when various deci-
sions were made to do various things and a long series of telegrams
of several papes a day which I sent {from Japan, which was the only
chronological record of what went on, I've forgotten it; [ don't re-
member it, I forgot that they dug up the fish, which [ was reminded
of, and I learned yesterday that this stuff is still classified; there's
no hope of getting it out. That's been sent to Washinglon because,

on my sugpestion, Miss Root asked for somue of the material in that
packet. It was sent to Washington for review and it's still there,
How do you explain this? :

FREMONT-SMITH: [t will take them yeérs to declassify it. T_hey'
haven't got a stalf to do it,

G

. ——— -
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EISENRBUD: Yes. Let me tell you something else. I thought we
had access to all the information we needed at the time, [ think we
did, if we had asked the right questions, but sometimes you didn't
seem to ask the right question, it wasn't until a few days before
this shot was scheduled to go off that [ actually knew that it was going
to be at Bikini and not at Eniwetok., Nobody told me they were guing
to move to Bikini; most of my planning had been done on the assump-
tion that it was poing to be at Eniwetok and nobody told me otherwise,

DUNHAM: Yt the tower was being built all the time.

EISENBUD: Yes, but we were preparing in New York, and actually
it could have been disastrous if it weren't for the fact that through a
stroke of luck we had instruments at Rongerik Island. But, based
upon our own meteorological projections we assumed it was going to
be fired from Eniwetok, and you may say that's a dumb thing to do,
but it never occurred to me as to where it was going to be fired.

FREMONT-SMITH: Therec's an old religious phrase of "Necd to
know, " out of the Bible, and I'll give you an illustration: Norbert
Wiener, who, as you know, invented cybernetics and who was also
working in a highly classified bomb situation during the war, told me
personally that during this highly classified work he ran into a dis-
covery which he knew to be of great importance to ancther highly
classified group. He spent two years trying to find a way 1n which
he could tell them what he had discovered and he was never able to
do it because he couldn't demonstrate the fact that they needed to
know. In other words, he was never able to tell them,

I also have a hunch—and I don't expect to have it confirmed locally
~that the Manhattan Project would never have been accomplished if
all security had been protected, [ suspect that a number of people
told 2ach other things and then discovered they had a need to know
afterwards, and that's the way the thing got off the ground in several
instances, But anyway, [ recally bring this up to point out the devas-
tating effect— Norbert Wiener is only one example, [ have several
others—o{ this principle.

I would like to add one thing, I really do believe that, Ly and
large, and undoubtedly there are exceptions, our own scientific ad-
vances and our own security have been set back by ou security more
than if we had been much more open., I think we have blocked our own
advance by failure to make available to ccientists a lot of information
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which they could develop and then lead into new dircections, and that
if we were to release this information, even though it would be per-
haps of use to the enemy, we would be getting ahead faster and gain
more by the release than we gain by the protection. This is my per-
sonal opinion which [ throw out for nobody else's use.’

ROOT: 1 think, going back to Dr. Warren's question, that applies
also to the press. You say you get 'on the beach' and you have ''no
place to hide" and you get all these distorted veports. But what are
those writers going to do” [ unfortunately have a disciplined back-
ground, having been'a research scientist myself, which holds me up
terribly in this profession, But everything is a struggle. And jour-
nalists and writers eventually give up. There arc very fcw instances,
I think, in which, if a subject is entircly in the cpen, there's aot
great cooperation between the scientists and the writers. It couldn't
be greater, and I knoa Dr. Langham has helped writers at great cost
to his swn time and energy, I'm sure. But when it impinges on an
arca which is not necessarily classified, but on one in which there
is uncertainty as to classification, ['ve talked with people and quoted
figures and they have stared back as though [ had leprosy and could
contaminate them. They hadn't known and they would say, "Where
did you get that figure? It's never been published.” And [ would say
that it had been published in such-and-such., It's just too great a task,
It's a lifetime work to kecp up with what is declassified and what re-
mains classified. So, the only way for sanity is just not to sa; any-
thing. But then we cxpect the writer to be able to communicate to the
public who support the rescarch and who really are an informed pub-
lic, the strength of the democracy, and he's got nothing to say, but
he's got a job to fulfill,

UPTON: [ think the morning session has to be brought to a close,
and I'm reminded of an amusing anecdote, We've been talking about
an information problem, really, and [ heard a story about the Wind
Scale incident which indicates how frequently in an astonishing situa-
tion where one is caught by surprise and has one's source of informa-
tion down, onc has to say something and may not say the right thing.

AYRES: There's a formula called "No comment'! [Laughter]

UPTON: A group of power industry cxecutives and engineers were
being flown over the Wind Scale plant and were being bricfed by a
guide on the wonders of nuclear power, As they crossed the plant in
the airplane and he pointed out various installations on the ground, the
accident occurred and a big black plume went up out of the stack,
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and everybody's eyeballs popped out and they lcoked at this thing in
astonishment and turned to the guide and said, "What is that?' He
was just as ast.nished and bewildered as they., and not knowing what

else to say he smiled and said, "Well, you get that, you know!"
[Laughter]
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SESSION l}
THE 1954 THERMONUCLEAR TEST
(Continued)

THE MARSHALL ISLANDS PROBLEM .

BRUES: This afternoon Dr. Conard will initiate the discussion
without, [ guess, telling us where it may lead.

Bob!

CONARD: I have outlined on the board a few topics I thought might
be worthy of a brief review and discussion. Also [ put down below the
main groups that were involved in the 1954 fallout accident with the
numbers of people involved and the approximate dosage of radiation
that they received. (See Figure | and Table 1.}

In discussing the case of the Marshall Islands accident, [ think it's
important to point out that this represents a situation on a coral atoll
and it may be quite different from other fallout situations that might
occur. Characteristics of a particular faliout situation depend on many
factors such as whether the bomb is detonated over water, under water,
over land, the geography of the terrain, the populations exposed, time
of fallout arrivai, length of ‘allout, etc. Fallout effects are somewhat
different from those produced by direct effect of the bombs. In Japan,
for instance, the major casualties came from blast and heat, with
fewer casualties from radiation exposure, whereas with fallout it is a 2
purely radiation exposure situation.

In Japan there were psychic trauma, physical trauma, starvation,
disease and many complications; in the Marshall Islands the Marshall- 3
ese people had a minimum of these factors involved. [n addition, the '
fallout produces a more complicated type of radiation exposure in that
you have not anly whole body exposure but also the exposure of the skin
and internal deposition of radiocactive materials.

A few other points of comparison with the ABCC studies might be )
made. The Marshallese groups, of course, are considerably smaller n
than those of the ABCC studies. The vital statistics are very poor in J

Hor
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Figure 1. Map of fallout areo, Marshall Islands, March 1, 1954,
From R. Conard. (Courtesy Annals Int. Mad.) '
Toble 1. Summary of faliout effects.
Estimated
. . Gamma
" Fallout Dose Extent of
Group* Composition Observed (Rads) | Skin Lesions
" |Rongelap |64 Marshallese | Heavy 175 |Extersive .
1 (snow-like)
Ailingnae|18 Marshallese | Moderate 69 ' |Less extensive
: {mist-like) . o
Rongerik |28 Americans Moderate 78 | Slight
1 (mist-like) » . '
Utirik 157 Marshallese] None 14" | No skin lesions
. or epilation

*Also exposed were 23 Japanese fishermen who received a sublethal doze,
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the Marshallese people but the radiation dose is probably better
known in their case than it is in the case of the Japanese. Docu-
mentation during the acute period was fairly complete for the
Marshallese and not so complete for the Japanese. (The Marshall-
ese findings are reviewed in References 8 and 9, the Japanese
Hiroshima and Nagasaki data in numerous publications by the Atomic
Bomb Casualty Commission. )

The Marshallese population under study is fairly stable. * We go
back from year to year and find little attrition. We have an excel-
lent comparison population composed of relatives of the Rongelap
people who have moved back to live on the island of Rongelap. They
match rcasonably well for age and sex.

. The Japanese fishermen studies were made difficult by the com-
plexity of the dosimetiry, the fact that on board the ship they lived
part time below decks, where (hey were more protected, and part
time above, etc. Perhaps later on Merril Eisenbud might say more
about the dosimetry in that group. (The data on the Japancse fisher-
men are reviewed in Peferences 6 and 10.) In addition, it was two
weeks before they arrived in puort where the situation could be evalu-
ated. Another complicating factor was that during the course of
t-eatment they were given multiple blood transfusions and many of
them developed jaundice, liver digsease, and one even died, probably
as a result of repeated blood transfusions.

Figure 2 is a photograph of Rbngelap island taken on March 1, 1954;
a typical South Sea Island village with loose palm construction.

Figure 3 is a rough sketch to show the types of radiation that people
were exposed to. The wavy lines represent gamma radiaticn, that is
whole-body penetrating type of radiation. The stippled area repre-
sents beta radiation which was largely responsible for the skin lesions
that developed and also the internal deposition of the fallout material.

The spectrum of the gamma radiation from the fallout was fairly
complex. There are quite a few Jdifferent energy peaks as contrasted
to ordinary laboratory studies in animals. The calculations of the

Ead

The medical studies of the Marshallese are sponsored by the U.S.
Atomic Energy Commission and are carried out under the direction
of Brookhaven National Laboratory in conjunction with the Trust
Territory of the Pacific [slands (Department of Interior).
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Figure 2. Rongelap viiiage os it was in 1954. From R. Conard.

Figure 3. Rough sketch showing fallcut deposition. Wavy areos
represent gamma radiation, and stippling represents beta
radiation. From R. Cenard.
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gamma dose to the Rongelap pcople was made on the basis of estima- '

tion of time of arrival of the fallout (which was believed to be at abnut
four to five hours after the detonation), the length of time of fallout

{(which was calculi*ed to be around 12 hours), and by the readings that

were taken on the lslands at the time of tne evacuation, roughly two
days later. There was a telemetering device on Rongerik, as was
pointed out this morning, which gave valuable information on the
time of arrival there of the cloud of fallout and the 30-minute period
that it required to go off scale. In addition, on Rongerik there were
many film badges and the readings from these film badges afforded
valuable information on the dose and agreed reasonably well with the
other estimations. : :

In the case of the Japahese fiashermen, the doses calculated were
around 170 to 700 racds based on extrapolation back to Day 9.

Gamma radiation in a fallout field produces a more penetrating
type of raaiation than occurs with ordinary laboratory uni-directional
radiation. Due to the geometry of the plansr fallout field the midline
dose is increased by a factor of about 1.5, '

So, this really gives a better indication of the biolngical zffective-
ness, and we might take the Rongelap dose of 175 rads of whole-body
radiation and say that it actually represented possibly 260 rads or so
as compared with ordinary laboratory type of radiation. In the case
of the Rongerik group, from 78 to 120; the Alinginae, from 70 to 100;-
and Utirik, from 14 to 20. : .

DUNHAM: What do you mean by the ordinary type of radiation?
CONARD: I mean uni-directi-nal type of radiation.
BRUES:_ The numbers you give are rads in air?

~ CONARD: Yes. These were based on readings three feet above
the gro.nd. :

BRUS: And midline doses within the person... .
CGNARD: ... were derived using the factor of 1.5. The skin
dore was 1:npossible to really calculate. As you know the beta spec-

trum »n fajlout has quite a smear of different energy components along
wit!: 2 me soft gamma. The energy spectrum of the beta radiations

Tty
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showed about 50 to 80 percent around 100 keV and 27 to 50 percent
around 600 keV. So most of it was pretty soft. There wa. also a
beta contribution {rom the fallout on ¢ grouad. It was estimated
that the feet got 2700 r fro.~ '~¢ ground source; ai »ip level about
600 and at head level, 360. The hair foi’rcles ;iust have gotten in
the range between 400 to 700 rads in vie'w of the fact that epilation
developed but was nct permanent in moat cases. The internal radia-
tion was calculated indirectly from urinalyses that were taken
starting about 15 days after the exposvre and thereafter on numerous
occasions. [t was estimated that about 75 percent of the radiation
from (is4ion products was due to the radinstrontium, radiobarium
and the rare earths.

Table 2 shows the various radioelements that were calculated to
be in the urine at Day | ae compared with Day 82. Frobably radio-
iodine is the only isotope that they absorbed that exceeded the MPC
level. By 82 days you will note that these activitics had diminish=d
to practically zerc. These people werc able to *xcrete this material

very rapidly.

Table 2. Estimoted body burden of Rongelop people (k).

Activity ot Activity at
Doy | Oay 82
557 1.6-2.2 ' 0.19
8o 0 0.34 - 2.7 0.021
Rare Farth Group 0-1.2 - 0.03
|l3\ (in thyroid gland) 6.4-11.2 0.0
ro' : 2-0.013 -
45
Ca 0- 0.01¢9 0.0
Fessile Materiol 0-0.016 (pgm) 0.0
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Now I wou:d like to take a minute or two on the thyroid dose be-
cause the thyroid situation turned out io be one of the most difficult
problems we had to ace in these people. The thyroid dose 1 usually
calculateu on the percent uptake of the radioicdines by the thyroid
gland, the half-life in the gland, the size of the gland, and the various
isotopes to which the thyroid is exposed. In the fallout we have iodine-
131, 132, 133, and 135, Quite a few isotopes are involved, most of
which are very short-lived — the iodine-131 having the longest half- ¢
life. The earliest diect measurements were made by Payne Harris®
at Los Alamas on 15-day urine. By using this indirect apprnach from
the urine it was calcviated that at that time about one-tenth of one per-
cent was still being excreted and this, extrapolated back, gave about
1l.2 microcuries in the thyroid gland originally. This represented
about 160 rads of radiation to the adult gland, plus the whole-body
exposure, cf course.

In the children it was a different story because of the- amaller size
of the glands. James at Lawrence Laboratory {Reference 1} has cal-
culated for us that th.e cuildren probably received in the range of 700
to 1400 rads to the thyroid gland. [t was decided that the beta irradia-
tion of the neck which produced ''beta burns™ as shown in Figure 4 did -
not contribuie signifi:antly to the thyroid dose in view of the superficial

‘nature of the beta radiation.

Fiaure 4. “Beta burns" of neck (subject No. 39, Nacch 1954). The area
over the thyroid was a frequen' site of "burms®. From R. Conorc_i.

% larris, Payne— unpublished data. ' -
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To go on with the story, people were evacuated by destroyer, some
by plane, two days after the accident and were taken down to Kwajalein
Atoll where we had a large Navy base. We arrivec on the scene about
eight days after the accident to carry out the extensive examinations.

When they arrived they were quite contaminated, particulariy their
hair, and we had great difficulty in getting them decontaminated.

Figure 5 shows the pcople out in the lagoon at Bikini with soap and
detergents, cleansing themaelves. In many cases we had to cut off
their hair becausc of the coconut oil holding in contamination. We had
to take their clothes away from thetn, and some of the ‘vomen on
Kwajalein gave clothes to the Marshallese women to wear. It was quite
a sight to see them walking around barcfooted in Fifth Avenue types of
clothing.

FREMONT-SMITH: No pictures of that?
CONARD: Unfortunately I didn't get any pictures of that.

None of them died. After the skin burns healed, etc., we mnoved
them south to another island temporarily because Rongelap Island was
too hot at that time fer them to move back. The Utirik people, however,
were moved back during this period since Utirik Island had a very low
degree of contamiiation.

. . '.,"@,;
$ ... .
Lo “4
P . \ :
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- o - . . . 5 L
[ 4P OEPUCERE o R A T -, ...

Figure 5. Marshollese tathing in logoon ot Kwajalein in March 1954, to decon-
taminate skin and hair ofter follout contamination. From R. Conard.
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In 1957, surveys of Rongelap showed that the 1sland was safe then
for the return of the people even though it still had a low level of con-
tamination. Figure 6 shows the new village that was constructed for
them, which is far superior to the village they previously had.

FREMONT-SMITH: Did they like it?

CONARD: They liked it very much.

FREMONT-SMITH: This is unusual, isn’t it, to have people like
somet.hmg that's been made for them?

CONARD: They had a hani in planning it.

FREMONT-SMITH: That makes the difference.

CONARD: Yes

Now, to go on. In regard to the lingering radicactive contamination
of Rongelap,we have carried out extensive studies of the radio-ecological
situation and [ may say more about this tomorrow. Later I may also
comment on some of the psychological reactions to receiving compen-
sation from the U.S. Covernment, about £11, 000 per exposed person

{ 1PN N
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Figure 6. Rongelcp villoge today. From R. Conard.
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for injuries sustained. This has made them very happy, ! might
add.

DUNHAM: What do they buy with that money?

CONARD: Motor boats, things that they get out of the Sears-
Roebuck Catalogue and other things. We're just hoping that they
are going to spend it wisely, So far they haven't gone too wild with
the spending. '

DUUNHAM: Does each one have an account?

CONARD: The Bank of America came in there and they have dec-
posited their money there in most cascs: In a few cases they wouldn't
put their money in the bank, but a lot of them are living off the interest
of their bank accounts. : '

WOLFE: When we tried to go out there with the ecological group
the Commissioner was very greatly disturbed for fear we would break
up their way of life. [ don't know of any beiter way to break it up
than to give each one of them $11, 000 to buy motor boats and things
like that. '

CONARD: It was being broken up before that, though. The on-
slaught of Western civilization was rapidly coming into these islands,
and in the other islands it's also evident—not just in Rongelap, wherc
they have this money. You can see signs of advancing changes due to
American influence all the time. :

I would now like to discuss the acute effects of exposure on these
people; first, the whole-body gamma penetrating radiation effects.
Just to refresh your minds, you will remember that human beings
respond with various syndromes of effects related tc dose reccived.
(See Figure 7.) The most acute syndrome, of course, is <alled the
central nervous system syndrome, as depicted in th: upper left-hand
part, associated with doses greater than 3000 and 4600 rads. Fre-
dominantly one sees ataxia and disorientation, signs of brain involve-
ment, and life is, indced, very short for these people. Then with
smaller exposure (abova about 1000 or 1500 rads} we have the gastro-
intestinal syndrome, so named because signs of nausea, vomiting,
diarrhca and dehydration reiated tothe gastro-intestinal tract dominate,
and the individual uscally dies within a matter of four to nine days
from acute dehydration and other effects. The bone marrow syndrome
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RADIATION SYNDROMES
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Figure 7. Radiation syndromes (schematic presentation). From R. Conard i"
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or the hematological syndrome is that which occurs following doses
in what we call the lethal range. Of course, we reaily don't know
what the letbal range is for man, but it is guesscd roughly to be be-
tween 250 and 450 rads. Owing to the effect on bone marrow, the
reduction in the blood cella results in infections and the developmnent
0. bleeding results from the blood nlatelet depression, and death
may result.

Then, of course, if there is recovery {rom these ucute effects,
there is the possibility of delayed effects of radiation occurring, such
as lenkemia, cancer and many other possible late effects,

MILLER: 1 just ‘-anted to mention that the figure makes no men-
tion of cataracts, the intrauterine effects of radiation and thz possible
genetic effects.

CONARD: It isn't meant to include organ eficcts, only the major
syndromes.

FREMONT-SMITH: It also doesn't yay anything about the central
nervous system effects of low level radiation which you remember
the Russians had aiways claimed were so and which we have always
denied until we recentiy confirmed it at the Naval Radiological Labora-
tory.

CONARD: All these syndromes overlap and there are many effects
in each of them.

FREMONT-SMITH: [ wonder whether there is anything in this group
of peaple in terms of behavior which show that they had any of the low
level radiation effects oa the central nervous system, which apparently
at the level of complex behavior patterns, conditioned reflexes, and so
forth, are now recognized to be s0?

CONARD: We did not observe any, Frank, and at that time we didn't
go into sensitive means of testing this sort of thing. We had many more
fmportant considerations. We didn't know whether they were going to
live or die, or whether we were going to have to request a hospital ship
to take care of them and that sort of thing.

FREMONT-SMITH: Yes. And at the time wc were also denying it
existed.

CONARD: We weren't.
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FREMONT-SMITH: I mean as a government we were.

CONARD: Yes.

Figure 8 shows the characteristics of the hematological ayndrome

with nausea and vomiting vccurring early followed by rapid depression

of blood elements resulting in a critical period at the nadir where
infection and bleeding may be serious resuits. Hopefully, then the
bone marrow will start producing sufficient blood cells to bring about
survival; if not, death will ensue,

In the case of the Marshallese, they suffered from the early ef-
fects of radiation. Three-quarters of them became anorexic (lost
their appetites), some of them vomited and a few had diarrhea. This
occurred over the first two-day period and cleared up after that.
When they arrived at Kwajalein they seemed to be perfectly healthy.
The Japanese fishermen also went through an early period of fatigue,
headache and anorexia, nausea and so forth.

EISENBUD: I think there's one intsresting point which also seemed
incredible to Wright, hut the first dispatch that we got following the
evacuation reported that the natives were seasick and nauseous.

_SCHEMATIC GRAPH SHOWNG MAJOR BLOOD owocu ANO
CLINICAL, SIGNS FOR RADIATION DOSES WHERE SURVIVAL
IS POSSIBLE {200 - 600 RADS)

T L v Bl v LA i
Jyrzmoo or nausta,
VOMITING, DIRRHEA
.
gloo -
in )
g ‘pﬁ‘
4
8 | # ‘.’,b"
g % . cmrzaL pemop ¢
5 i *
[ 1 /
£ maTELETS = g A ’
b1 \ /-
) \\ I d
o \‘ - Pl
° 1 14 f S ————T 3

o 8 10 18 20 25 30 35 40 a8
| OMvS AFTER ExPOSURE
Figure 8, Schematic graph showing major blood changes and clinical
signs for radiation doses where survival is possible (200-600
rads). From R. Conord.

G e i

*.‘ 2%” il

alied

27
B3

K

et R S e et




108 | . . DASA 2019-2

CONARD: Were seasick?
EISENBUD: Were nauseous from seasickness.

CONARD: Yes, I think that was the original interpretation, but
it soon became apparent that none of the Alinginrae, the other group
that received less exposure, showed the sickness and since oniy
the heavily expose Rongelap group showed the sickness it was ap-
parent that it was radiation-induced. The blood elements showed
considerable depresaion, down to one-half and more below normal
levels, but, fortunately, they didn't get low enough in the Marshzllese
people to cauae any real evidence of infection or bleeding; we used
no specific treatment and none of them rhowed any signs of acute
radiation sickness as such.

in the case of the Japanese firhermen, some of their blood ele-
ments dropped even lower than in the Marshallese, indicating perhaps
a higher dose in some of them. But ] would not say, looking at the
blood werk, that any of them received greater than 500 rad because
the depression didn't seem to reach levesls that would substantiate that.

EISENBUD: What allowance can you make, Bob, for the fact that
they received a dose over a l4-day period?

CONARD: | agree that that certainly would moderate the effect.
But most of the dosc that the Marshallese and the Japanese fishermen
received occurred during the first 24 hours, 1 wculd say over half of
it, and ~o it was really more in the acute type of exiposure classifica-
tion.

There was a slight weight loss in quite a few of the Marshallese
prople and we were not sure whethers that was due to their radiztion
exposure or to the fact that they had a change of environment and
were eating different types of food, although they seemad to eat it with

great relish. The Japanese, as [ mentioned earlier, were given multiple

tranafusions over a number oi days soon after they arrived in Japan,
and shortly thereafter quite a few of them developed infectious hepatitis
and jaundice and then, of course. one fishermai died in Sepiember.

It would seem to most of us in this field that his death was most likely
due to the bload transfusions that he had received.

DUNHANM: His periphera! blood picture just about returned to nor-
mal in July, before he died, The jaundice came on at about that time
and he died with essentially a normal blood picture. At least the total
count was in the normal range.
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CONARD: Yes, that is so.
FREMONT-SMITH: That would fit.

CONARD: But the Japanese have made quite a bit over the fact
that this liver disease might be radiation-induced, which is not at
all agreed to.

Now, to turn to the skin lesions. The Marshallese had symptoms.
of itching and burning durihg the first 24 to 48 hours. This fallout
material clung to the skin as a white frosty dust and it was very dif-
ficult to remove.

FREMONT-SMITH: Do you know why it would cling to the skin?
Why was that?

CONARD: As you know, in this climate the perspiration made it
cling and it got caked into the skin, I think.

Ninety percent of the people developed these so-called beta burns
beginning about two weeks after exposure. These lesions were first
characterized by pigmented skin, increased pigmentation, parchment.
like thickening of the skin and gradual desquamation; the epithelial
layer shed and a nonpigmented area was left heneath. In soine pecple
the burns were deeper, as evidenced in the ne»t few figures.

Figure 9 shows one of the boys who wasn't wearing much in the
way .  clothing and had multiple superficial lesions of the skin.

EISENBUD: What's the time of this one, Bob?

CONARD: That was between two and three weeks. About thra -
weeks, | believe.

DUNHAM: April 1€th.

CONARD: That was quite a bit later. These first appeared on
many about two weeks after exposure.

Figure 10 shows '"beta burns' of the feet. Figure 1] shows the loss
of hair, which occurred in about 90 percent of the children and 40 per-
cent of the adults, and which was usually spotty in nature. Therc were
ususlly beta burns on the scalp in the areas of the epilation.
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Figure 9. ‘Numarous superificial "beta burns" of the skin of o young boy
* who was wearing little clothing at the time of ths exposure.
From R. Conord. (Courtesy Annals int. Mpd.).

Figure 10. "Beta burns” of the feet. From R. Conard.
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Figure 11. Epilation in the termporal area of the scalp of a young girl.
From R. Conard. (Courtesy Annals int. Med.)

WARREN: Is some of this because they slept on the saricl without
a pillow?

CONARD: Since the epilation was distributed over the head, no
more so on the back of the head, I don't think that this * a5 a {acter

DOBSON: Bob, vou spo-e this morning about the caustic action
of the fallout s there anv cvidence that this played a signif:ant
rol-?

CONARD: I think that (t might have aggravated the burns., It was
caustic and wr know that the caustic chemicals in combinatine with
radiation will cnhance the effects of radiation. So. it's enticely pos-

sible that this material did enhaace the severity of the (2sions.

DUNHAM: There was nothing to see for ten dryc at all. The skin
looked perfectly good.

CONARD: Yes. We didn't sec any erythema, even.

EISENBUD: Did anybody measure the pH of this rnaterial?

e
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CONARD: Yes, I think that's been done. That's the reason it was
declared to be highly alkaline. [t was incinerated coral, calcium car-
bonate, calcium oxide.

EISENBUD: Excuse me. [ didn't see how it could have helped, as -
suming it was calcined initially., [t was in intimate contact with water
quite a long while before it actually fell out. It would seem to me if
it was calcined it would be hydroxide. Tkis is an interesting specu-
lation and it's a really intercating point which I hadn't given much

" credence to. 1 was hopeful that someone had done some work on this.
{t's too late.

DUNHAM: There are no notes by the medical personnel about skin
lesions and for ten days after we got there we saw none,

EISENBUD: The normal humidity of the atmosaphere in tnat part
of the world I shouid think would result in conversion of the oxide.
Apart from that, this whole fireball sucks up enormous amounts of
water which eventually cool the fireball; and tlien there are rainfalls.
It just seems incredible to me that calcium oxide could persist for four
hours in that atmosphere, in this case seven hours, but this is just
spcculation,

BUSTAD: [ think Chuck Durham's point is quite a critical one in
this case, in that a radiation burn will show up after a considerable
period of time during which there may be no manifestation of irjury.

" CONARD: Yes. This is characteristic of radiation burns, that
there's usually a lag after the burn before the .esion shows up as con-
trasted wita thermal and chemical burns.

WARREN: A chemical burn would come within a few hours, 24 hours
or so, )

BUS” A\D: Yes, except with radiation you may have had a transicnt
erythema within a few hours. In comparative studies on small pigs
using beta particles we observed a transient redness which disappeared
within the first 24 hours.

CONARD: Yes. This was true of the Japanese fishermen, too.

BUSTAD: In the light-colored swine, injury would be manifested in
14 to 21 days.
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TAYLOR: Are there any other examples of beta burns to human
beings besides the Bikini ones?

CONARD: Yes, there are quite a few,
TAYLOR: Are these reactor accidents?

CONARD: "Beta burns' have been reported in persons careleasly
handling fission products (Reference 12) and from exposure to other
radicactive sources (References 13 and 14).

LANGHAM: There are hundreds and hundreds of examples of burns
of human skin.

DUNHAM: Lowry had a case.
They have been reported by dermatologists and cancer therapista.

FISENBUD: Could I ask one question about this lye. Isn't coral
calcium silicate?

DONALDSON: No. There's very little silicon.
It's calcium carbcnate.

WARREN: You might have flakes of calcium oxide or hydroxide
which could burn a moist skin, but a very dilute lime water has been
used as a soothking solution for burns.

CONARD: There are about 15 cases in the Rongelap people that
still show some residual pigmentation and scarving as a result of the
burns. The Japanese fishermen had some rather severe beta burns,
particularly on the hand with which they were handling the fish lines
between the thumb and the index finger. One area that was heavily
involved was on the crown of the head. They frequently wear a hand-
kerchief around their head and the crown of the head was exposed.
The belt line was a frequent site of involvernent. (See Reference 15.)

BRUES: Dr. Tsuzuki told us that the older fishermen had more
damage to the skin of the head because, in general, they didn't wash

their hair as often as the younger fishermen did.

CONARD: That's interesting.
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From the Marshallese experience we learned about certain factors
that influence the development of ""beta burns,' The Americans on’
Rongerik recognized the danger of the fallout and immediately went
indoors in their Butler buildings. They took showers and changed
clothes. As a result their skin expoaure and internal exposure was
minimal compared to the Rongelapese.. The older Rongelap people
who stayed indoors and others who went wading and swimming had
fewer skin burns. A single layer of cotton clothing was proved to be
sufficient to protect the skin.

The internal absorption of the radicactive materials produced no
acute effects that we could observe. They had three millicuries of
fission products that were calculated to e in their gut but this pro-
duced no efiect that we could see. ’

Probably the strontium and radioicdine are the most serious of the ‘
radioisotopes that are present in this acute faltlout situation.’

DOBSON: Excuse me, Bob. liow many millicuries did you estimate
they had in the put?

CONARD: Three.

DOBSQN: Three?

CONARD: Yes, three.

TAYLOR: Was that probably by inhalation?

CONARD: Mostly ingestion. ‘The particle size of the fallout was
too large for optimmum absorption into the alveoli of the lungs.

UPTON: Do you wish'to imply that there were not depressing ef-
fectq on the marrow from internal contamination, Bob?

CONARD: Yes, I feel that's true, since I think it was calculated
that the dose over the whole period of time that the Marshallese re-
ceived to their bones was in the order of scveral rads—something
of that nature. - :

UPTON. Surprising.

FREMONT-SMITH: Why does it surprise you?



SESSION Il | 1s

UPTON: I've been apparently laboring under a wrong impression
for many years that the inlernal dose to the marrow was higher than
you say it is, Bob.

TAYLOR: Is that from concentration of strontium-90 in plants?

UPTON: Just total fission product intake from one source or
another.

EISENBUD: Are you talking specifically in these cases or in
general?

UPTON: No, the Rongelap cases,.

WARREN: They weren't there right along to eat local food or get
exposed internally.

CONARD: The actual body burdens of strontium-90 that had ac-
cumulated over years for the Rongela) people amount to about 5 per-
cent of the MPC for adults and ten percent for children.

EISENBUD: The Japanese fishermen lived at sea for 14 days in
very intimate contact with fallout. It's quite a remarkable thing
that Koboyama had. I believe, when he died, 2 millicuries of strontiume-
90 per gram of calcium in his bones, which is about 20 percent of
what children have today. I mean it's a small dose. I think that one
of the comforting things that came out of this experience is that the
human body in close contact with surface contamination apparently
Las better defenses than we had anticipated against absorption of at
least the less soluble components.

Now, the iodine did get in, as Bob indicated.

CONARD: We felt very encouraged about the whole internal situa-
tion. To be honest with you, we were misled. We feit that the in-
ternal situation was far less of a hazard than any of the others and,
of course, we still do, but we certainly did underestimate the hazard
of the absorption of radioiodines, as you'll see in a few minutes when
I get into that aspect of it.

WARREN; Wouldn't the radioiodine be in gaseous form and inhaled
rather than ingested, and wouldn't that be why the concentration could
have been higher?
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CONARD: They must have inhaled some from the cloud as it
passed over but the majority of the radioiodine absorbed probably
came through contaminated drinking water since it rained the night
of the fatlout. Moreover the people were on water rationing, every-

_one receiving about a pint a day including the children. So most of
it was in the drinking water.

WARREN: Yes. It would be scrubbed out in the rain.

CONRAD: So, during the years the Marshallese people have
remained generally in good health and we have not seen any illnesses
or any deaths that we could directly relate to the radiation eifects
except for the thyroid situation which [ will come to shortly and the
one death in the case of the Japanese fishermen., They have heen
healthy over the years.

As far as mortality is concerned, 15 deaths have occurred among
the 84 in the most heavily exposed group, which represent about 13 per
thousand, and this is compared to abwit 8 per thousand in the Marshall
Islands as a whole. So we do have some increase in mortality but
whether this is significant in such small numbers it is difficult to say.
We have a greater number of older people in the original Rongelap
group also.

As far as malignancy is concerned, there have been two cases of
cancer in the exposed group plus one case of cancer of the thyreid.
So we have to keep an open mind as to whether we will eventually have
an increased incidence of cancer. Again, the numbers are small.

As far as the skin i3 concerned, the only late effect that we have
noted in the Marshallese is in the appearance of moles, benign nevi,
in the areas that were more heavily irradiated.

Figure 12 shows some of the moles that have developed in the
case of one woman wio had fairly clear ulcerations on the side of her
neck early after fallout during the acute period. Figure 13 shows
residual scarring resulting from a severe ''beta burn' of the ear.
Figure 14 shows a case of one of the Japanese fishermen. [ took this
in Japan four years axo. It rhows an area of permanent alopecia. The
Marshallese hair all regrew except that in one case there was a slight
alopecia, but in the Japanese fishermen there are two cases that still
show some degree of alopecia, that is, a permanent bald area from '
the radiation. Some of the fishermen had "beltline" lesions with some
degree of blood vessel dilatation (telangiectasia).



SESSION 111

17

Figure 12. Benign nevi (moles) that devel- Figure 13. Scarring of ear from "beta
oped B years later in area of » “burns”. From R. Conard.
“beta burns". From R. Conard
(Courtesy Annals Int. Med.)
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gure 14, Permanent alopecia in Japanese fisherman.
From R. Conard.
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Now, a more sericus finding in the Marshallese was that over the
years the children, particularly the boys exposed at less than 12 years
of age, have tended to be somewhat stunted in growth, have shown some
lag in growth and development (Reference 16). We have carried out
numerous growth measurements and x-rays for bone growth, and so
forth, and this finding has become apparent.

Figure 15 shows a comparison of bone age in some of the males.
The dotted line represents the cxposed males compared with the un-
exposed males on the left, and on the rigut the females. The base
" line represents the American standard. The Marshallese tend to be
somewhat smaller than American standards., Shortly, I'tl have a
little more to say about this lag in growth in the Rongelap children.

We have carried out blood work every year, of course, and Figure
16 shows that there's been a slight lag in complete recovery of the
white count and platelet count up until about ll.years after exposure.
The straight line represents the unexposed control population.

We have carried out numerous aging studies to see if we could de-
tect any premature aging effects and we haven't seen anything along
that line.

Life shortening has not heen apparent in these people from this
limited study.

Fertility based on birth rate has shown that about the same birth
rate has existed in the exposed population as compared with the un-
exposed population. They've had about 70 babies and these babies on
the whole appear normal. We haven't seen any greater incidence in
the congenital defects in the babies of the Rongelap exposed 13 com-
pared with the unexposed.

" Whether there was an early sterility or not, we do not know. We
did not test it, of course. It probably did occur during the carly
- period. The Japanese fishermen showed quite a drop in sperm count
which lasted for three vears, but since that time they've had chilaren
repeatedly and recovered their sperm ccunt.

During the first four years the exposed women showed some incrcase
in miscarriages and stillbicths. About 41 percent of the births during
that period ended in nonviable babies compared with only 16 percent in
the unexposed group.
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Ex.imination of the lens for possible opacities has not revealed any
evidence of radiation-induced opacities of the lens. Remember, of
course, that the Marshallese didn't get neutron radiation, which has
a much higher RBE for opacity than gamma radiation.

We haven't carried out any specific studies of genetic effects, par-
ticularly in view of the gencrally negative result of the studies cf
Neal and Schull (Reference 17) and others in Japan. ['m sure there
must be an increase in the mutant pool of these people and we have
scen evidence of chromosome damage in the peripheral blood cells.
We have cultured their blood aud fiound an increase over the normal
in the number of chromosomal aberrations.

FREMONT-SMITH: Were these persistent?

.CONARD: Yes. This was ten years after exposure.

FREMONT-SMITH: You don't know what they were earlier?

CONARD: We didn't test them =arlier.

MILLER: More than the Hiroshima survivors?

CONARD: Yes. I was going to say that slso in the Hiroshuma sur-
vivors and in the Japanese fishermen there's been a persisting in-
creased level of chromosomal aberrations. So I suppose we would
have to expect that there are genetic mutations that exist in these
people. Perhaps Bill might say something about that.

FREMONT-SMITH: At least in the blood cells.

CONARD: Yes. '

FREMONT-SMITH: We don't know whether they are operating in
the genes. '

CONARD: I should imagine there would be some increase in general . _
somatic mutations.

FREMONT-SMITH: All right. [ thought you meant the genetic mu-
tations.

CONARD: And also in the genetic. : ' L
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FREMONT-SMITH: The genetic, too.
EISENBUD: What's known about consanguinity in this group?

CONARD: This is a good point. We've gone into that a.d it turns
out that these peoble probably do have a somewhat greater degree of
consanguinity than w= do, but in the exposed group we coecked the
number of firat-cousia marriazes and second-cousin marriages and
this sort of thing and fouir.d that actually they had a lower rate of con-
sanguineous marriage than occurred in a comparison pspulatiou.

This also has bearing on growth and development becausec the children
of consanguineous marriages are known to be scmewhat retarded.

SCHULL: It might also have a bearing on the findiry of increased
percentages of abortions. If the latter reflects immunoicgi: incom-
patibility between mother and fe‘us, fcwer abortions ~ould be ex-
pected among the pregnancies of consanguineously marr ed individuals
than among those of unrelated spouses. '

EISENBUD: [ don't see how they car get avay fre n their cousins
on a small island like that. [don't :Nok they are completely inbred.
Do th.y mix up much with the other islands?

CONARD: Yes, there's quite a bit of communication with other
islands and people come in and bring in fresh blood! [Laughter]

FREMONT-SMITH: Youua mean small transfusions? [Laughter]

ROOT: I had heard that they had a low birth rate and that's why
the custom of adopting other children into families had arisen.

CONARD: !t may be true from the point of view of infant mortality
which up until more recently has been quite high, but now we have
brought in better medical care, and so forth, and the infant mortality
is greatly reduced. Bu* thev do adopt children, tos.

Now I would like to discuss the most serious finding in the
Marghallese, that is the development of the thyroid abnormalities.
Until 1963 we had thought that these people had normal thyroid
glands. We had already detected this lag in grow:h and development
in exposed boys and we really didn't have any explanation for it. We
carried out numerous thyroid tests and so-called PBI (protein-bound
iodinc) tests of the blood, which are good indications ofthyroid activity,
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and we found them to be normal. However, since that time, as an
aside, we have discovered that these people have a peculiar protein
in the blood, an icdoprotein which is quite high and no doubt gave us
‘false levels o the PBl readings earlier, and this may have thrown us
off the track. ' '

DUNHAM: It is true of all Marshall Islanders ?

CONARD: Yes.

DUNHAM: I see.

CONARD: Four years ago we first noted a thyroid nodule in a 12-
year-old girl and since that time there have been increasing numbers
of these abnormalities until now we have 19 cases of thyroid abnor-
malities; 17 people with nodules and two boys with completely nonfunc-
tioning glands, that is, a hypothyroid situation (References 9, 18, 19).

WARREN: Myxedema?

"CONARD: They had signs of :nyxedema, yes. They were the two
most dwarfed boys in the village. : i .

FREMONT-SMITH: Were these thyroids that were destroyed or
never developed?

CONARD: Presumably destroyed.
FREMONT-SMITH: How old were they?

CONARD: They were at the age of 15 to 18 months, which seems to
be a critical age for children,

FREMONT-SMITH: When they werc exposed?
CONARD: Yes.

MILLER: Was there any other child in that age range at the time
of exwosure? R

CONARD: There were several in the one-to-three years of age
range. )



SESSION 11 123

ROOT: 'They would be closer to the ground radiation and would get
a bigger dose, wouldn't they—in addition to the fact that the organ it-
self is smaller? They would be at the level Jf the most intense radia-
tion.

CONARD: That's true. That probably increased their whole body
dose somewhat, but this would be negligible compared to the incicase
in the absorption of radioiodines into their glands, andthat is the
biggest factor by far. In other words, 700 to 1400 rad radiation came
from radioiodine absorbed compared to only 175 of whole-body radia-

- tion, and if you want to assume that the children were getting a littla
more, you might increase it to 200 or so.

ROOT: They would be crawling around at the age of 15 months
probably.

CONARD: Yes.

FREMONT-SMITH: Would their thyroids be in a stage of develop-
ment where they would absorb a greater percentage from a given dose
of iodine?

CONARD: I think it's assumed that their glands absorb as n.uch s
the adult, but being smaller, the same dose is distributed in a smaller
gland.

FREMONT-SMITH: Right. So this means per gram of g'and they
were absorbing more.

CONARD: Right. They were getting a higher dose.

BRUES: Is there also a poasibility that the thyroid in these children
would be close enough to the skin that the beta dose would be greater,
or at least would be appreciable while not as appreciable in the adult?

CONARD: We didn't feel that that was the case, Austin, because
the beta radiation was so soft that it was attenuated in only less than
a milliliter of the skin.

CASARETT: Bob, were these nodules appearing in relation to the
onset of pubescence in most of these cases? Could the pubescence
period and the endocrine disturbance associated with it be a stimulat-
ing factor in the production of nodules at the time they did appear,
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which is apparently about ten years after the exposures for the first
case? '

CONARD: That's right. I think that's very likely to be the case,
that imost of these children were going into adolescence and there was
a greater requirement perhaps on the thyroid due to increased meta-
bolism and this could put a greater strain on the thyroid, and then they
began showing the effects of a hypothyroid state.

Table 3 shows the distribution of cases; "R' represents Rongelap,
A" Alinginae, "U"' Utirik, and "C" control. Here in the first four
groups we have children less than ten years of age. You will notice
that in the Rongelap exposed group there were 19 children that re-
ceived a gamma dose of 175 and a thyroid dose of 714 to 1400 rads,
We found on the last survey another thyroid nodule, so we have 84
percent instead of 78.9. The incidence in the Alinginae group—six
children, none; Utirik=40 children, none; and the control children—
61, none. In the Rongelap adults there were three nodules in th= 36.
The Alinginae adults Lad one nodule, which was not typical of the
other radiation-induced cases. You can see that in the other popula-
tions there was only a small percentage of nodules and most of these
were in older people which appears to be a normal incidence.

Table 3. Thyroid nodules (including hypothyroidism) in Marshallese

populetions.
i Estimated %
Age Ne. inj Gammao Thyroid Thyroid
Group |At Exposure| Group | Dose (rods)| Dose (I*,rads)| Nodules
R <10 19 175 700 - 1400 84.2
A <10 6 69 275 - 550 0.0
u <10 40 14 55- 110 0.0
C <10 61 0 0 0.0
R >10 36 175 160 5.5
A | >10 8 69 55 12.5
u >10 59 14 15 3.4
C >10 133 0 0 2.3

{R=Rongelap; A=Ailingnoe; U=Utirik; C=Ur 2xposed)
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Eleven cases were operated on, nine children and two adults.
Figure 17 shows the nodules at surgery. Note the hemorrhagic _
nodules. It turned out at surgery that practically all of these¢ glands
had multiple nodules whereas at the clinical examination we had only
been able to feel one or two; at surgery in most cases the glands were
pretty well shot with nodules. ‘

FREMONT-SMITH: Does this mean that a lot of other cases where
you didn't feel anything also probably had multiple invisible nodules? . -

CONARD: Yes, it's quite possible that we were unable to palpate
minute nodules in some cases, | can't deny that.

FREMONT-SMITH: Yes.

CONARD: Figure 18 shows one of the glands in one of the children
that was sliced up just to show you the consistent nature, the multxple
nature, of these nodular changes in the gland.

WARREN: Is that pigment or extravasated blood?

CONARD: A lot of that is hemorrhagic blood pigment. The histo-
logical examination of these nodules showed that they were all benign;
they were of the type usually seen with iodine deficiency but, of course,
we know that on Rongelap there's no iodiné deficiency. The iodine
level in the foods is sormal and the urinary excretion of iodine,
checked in quite a few of these people, has been within the normal
range. Furthermore, we don't know of any goitrogenic foods on the
Island. The evidence seems overwhelming that thxs is a radiation-
induced phenomenon in these people. o _ -

There was one case in a 40-year-old woman in which the nodule
was malignant. Now, one can argue that this may be just a normal
occurrence. A lot of people believe that cancer of the tayroid is
not easily produced by radiation exporure, but certainly in a small
group like this heavily-exposed one it has to be considered as a

possibility anyway.

MILLER: You said that there is overwhelming evidence that this .
is radiation-induced. You didn't mention yet that part of this evidence -
is observations made in other radiation-exposed groups.

CONARD: Yes, that is certainly true.

Ies
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Figure 17. Benign thyroid nodules ot surgery. Arrows

point to nodules. From R. Conard.

Figure 13, Sectione

rhagic noture

Conord.

d thyroid gland showing multinodular,

(Courtesy New England J. Med.)
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cystic and hemor~

of the gland. The nodutes were benign. From R.
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Which others show it?
Which other examples, you mean, from the literature?
Right.

Numerous animal studies have shown the causative re-

lationship of radiation of the thyroid with later development of both
nodules and malignancy (Refereuces 19 and 202). This also applies to
radioicdine (References 21 and 22), Also examples in human therapy
include patients, particularly children, treated with radioiodine for
hyperthyroidism, which have been shown to later develop nodules
(Reference 23).

MILLERBR: Then exterral radiation also has had some effect?

CONARD:

External radiation certainly in children, A causal re-

lation of irradiation of the neck region in infants and later develop-
ment of thyroid cancer and nodules has been clearly demonstrated
(References 24 and 25). There appears to ¢ an increased incidence
of thyroid carcinoma in inhabitants of Hiroshimma and Nagasaki ex-
posed to radiation from the atomic bomb explosions (Reference 26),

TAYLOR:

Was this given for diagnostic purposes?

CONARD: Radioiodine was given for treatment of hyperthyroidism,
to destroy part o: the gland.

DUNHAM: Big doses.

CONARD:

Yes. It takes about 10, 000 rad to successfully treat

hyperthyroid conditions whereas in some cases, to ablate the thyroid
gland, such as in angina pectoris (heart discase) they use doses of
50, 000 to 70, 000 rad to the thyroid gland to destroy it.

We haven't seen any recurrence of cancer in this one Marshallese
case. She's had complete surgical and radioiodine ablation of her

gland.

Now, the correlation of the development of these thyroid abnormali-
ties and the growth retardation in children has become increasingly
clear. These children in recent ycars have shown more and more
evidence of reduced activity of the gland, and, as I said, the two

-

.
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dwarfed boys that were four years behind in growt and development
show a definite correlation there.

So, beginning two ycars 1go it was decided that we should treat all
of these exposed people with thyroid horinone in the hope of reducing
further development of nodules, iv prevent cancer and hopefully, give
an increased growth rate in those children that had shown the lag.
Figure 19 shows the skeletal age development of the two boys that
were most dwarfed. You can sce that at the time of thyroid hormone
therapy institution therc was an al'most immediate apurt in growth.
We hope that in the next survey we will sce increased growth rate in
other children as a response to the treatment with the thyroid hormone.
We are havinj, difficulties getting these people to take their daily tab-
lets. They just don't seem to want to do it. | was very disappointed
when | returned from the last survey to {ind that the bleod levels of
the thyroid hormone in the affected children were quite low, which
meant that a lot of them were not taking the drug. So we have a.recal
problem getting them to take the drug for the rest of their lives, par-
ticularly the children.: ' ' :

DOBSON: . Bob, in yoﬁr earlier discussion of these patients, did 1
understand you to say tiat you are differentiating among different
iodine-carrying proteins in the blood?

3  p— —— - T T
SKELETAL AGE DEVELOPMENT
SUBJECTS @3 AND #5
12 -
"
3
- .
z THYROID
. . _ HORMONE
8 9o  MEDIAN CURVE - STARTED[ . ~
« UNEXPOSED BOYS %
a , ?
»-
- .
o .
3 o -
3} —
1 —t J l
3 3 9 2 5

CHRONOLOGICAL AGE (YEARS)
Figure 19. Skeletal oge development before and after hormone theropy
in two boys showing greatest growth retardation. From R.
Conard (Courtesy Annals int, Med.).
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CONARD: Yes. We've done considerable work on the different
protein-binding levels of the diffcrent blood proteins.

BUSTAD: On the basis of our work with radiociodine in animals and
also a fairly extensive review of human data, I would not have pre-
dicted, nor can ! {ind very many people that would predict, that you
would see frank hypothyroidisin with 1400 rads from radiciodine and
175 r from gamma exposure. '

DUNIAM: Have you kept any animal ten yecars?

BUSTAD: Yes. In fact, we have fed sheep radioiodine for |1 ycars
_every day of their life.

MILLER: These were little sheep?

BUSTAD: Yes, they were exposed in utero since their mothers
were fed radioiodine. In the cases of the Marshallcse children, their
dose waa an acute one at a sensitive time, hut since the calculated
dose appears insufficient to cause hypothyroidism !'m wondering if
there could have been two or three times the thyroid dose in some
children. Maybe they drank more water or maybe a [ew children
licked themsealves and contaminated objects around them and realized
significantly higher exposure. [ have difficulty getting three times
as much, which [ would say might be the minimum exposure from
radioiodine which would result in frank hyperthyroidism. [ would like
some reaction to this.

FREMONT-SMITH: Is this potentially a species difference?

BUSTAD: 1 think generally the acute ablating dose {or most animals
is very nearly the same. In an adult person it's reported to be about
30, 000 rads, which is similar to that we have observed in sheep.

FREMONT-SMITH: Many other experiences with animals show
that you do get species differences of various kinds and therefore pre-
diction from several species of animals that you have used doesn't

apply to humans.

UPTON: How about Sol Michaelson's work, George, in dogs?

CASARETT: That work (Reference 27) beais out the fact that ex-
ternal radiation with x rays will cause hypofunction of thyroid, myxe-
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dema, with much lower radiation doses than those required from inter-
nally administered radioiodine. After 2, 000 rads of x rays to thyroid
the myxedema appears in about a year. With reduction of x ray dose
the time taken for the myxedema to develop in dogs increases in a
meunner indicating a slower progression of the underlying mechanism
at lower doses. There is a possibility that radiation from external
‘sources, in addition to the internal radiciodine, may have contributed
to the thyroid changes in the children in question.

BUSTAD: That was my next point. [ think that 200 r or 300 r is

. not an insignificant arnount {from the standpoint of thyroid damage.
These children probably received a considerably more effective dose
per rad from external gamma to the thyroid than from 1131 and there
is some substantiation for this (rom animal data. And if [ can then
stretch a point and say, "Well it's five times more effective'.....

UPTON: .....because of dose rate or dose distribution within the
gland?

BUSTAD: Yes, I think there are at least two things that contribute
to this. In order to get the samec equivalent rad to the thyroid from
1131 you have a much lower dose rate because it's extended over many
days. With the total body radiation it was a sudden thing over a matter
probably six or eight hours. In any case it was very acite. The other
thing is that a lot more than thyroid tissu» was affected following ex-
ternal gamma exposure. With the radioindine, however, the periphery
of the thyroid gland i3 probably receiving 25 percent of the dose at
the center of the gland while in the case of external irradiation the
entire thyroid gland is being uniformly irradiated as a.e the contiguous
structures. | think this too i®s important.

The other thing that is worthy of note is that in Dr. Hempleman's
studies (Reference 28), which I briefly discussed during our firat
meeting, he noted a high incidence group of about 268 children who
were irradiated early in life anteriorly and posteriorly for total doses
of 200 to 600 R or more. Of the 268, there were 20 that manifested
thyroid neoplasms. Half of these were cancers, It's interesting to
me to note that in your Marshallese group, Bob (Dr. Conard), the
children manifested no cancer, only thyroid adenomas {Reference 29).
This was aleo the pattern in our sheep studies. We had one fibro-
sarcoma and one adenosarcoma and 30 or more adenomas, and this
pattern of response has characterized most of the followup studies
of the children who were exposed carly in life to radioiodine. That
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is, there seems to be a higher proportion of cancer per total neoplasms
than with the radioicdine studies, but I'll admit there isn't always
comparability and many of you could then say, '""But we don't know how
many of these who are still walking around may have adeaomas." We
know that in adult populations there is a high incidence of thyroid
~adenomas; in fact, in those of you who are over 50 years old, if we
removed your thyroid (if it isn't already removed) we would probably
find adenomas in half of you. A study was done several years ago in
which it was shown that half of the people over 50 had thyroid adenomas
and most of them didn't know it and seemed none the worse for them.
T..e moral of the story is if you're going to have a neoplasm, choose
the thyroid.

FREMONT-SMITH: Were any primates used in the expenmental
animals, any monkeys which might be closer t6 man?

BUSTAD: The only studies in the sub-human primates that I'm
familiar with are those by Pickering (Reference 30), and he was con-
cerned mainly with the uptake in the very young—the fetal thyroid.
There have been no long-term studies with radioiodine in primates
to my knowledge. i think that most of the data that ['ve reviewed«and
I think I have reviewed most of it in this field—certainly indicated to
me the species that have been worked on..... :

FREMONT-SMITH: But they're all lower species?

_BUSTAD: Well, no. We've also {ooked at hurman cases where there -

was radioiodine given.-
FREMONT-SMITH: Okay.

BUSTAD: The effect is similar. It will take an acute dose of
30, 000 to 50, 000 rads to ablate the thyrcid of sheep. Dr. Goolden
(Reference 31) in England, locking at a loto{ human cases says it will
take a comparable dose for a human adult. There's one exception to
this that some of you may bring up, and that is the work of Dr. Jjohn
Garner now at Colorado State Univerisity {Reference 32) who says ‘
that cattle thyroids are unusually resistant and may take over 100, 000
rads. In all of these cases a lower dose will cause hypothyroidism,
if you wait long enough. :

WARREN: The jack rabbit is Jusceptible, too.

e o gt
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BUSTAD: Yes.

CONARD: Are you intimating that in the case of the Marshallese
their gamma dose was probably significantly higker than we have cal-
culated?

BUSTAD: I'm only trying to generate ways these children may have
had more radiation than was estimated. In addition to you, ['ve talked
to inany other people who have had association with it and they will ad-
mit that maybe it could have been something over 200 (quite a bit over
200 possibly),. and then we have to admit that 1400 rad as a maximum
may not be a true maximum depending on what the experience of these
children was during this period. ['m also worried a bit about the
short-lived isotopes which can really contribute very heavily to a
radiation dose, and I'm speaking of iodine 135 and 133. The fact io
they may contribute up to half or more, especially in the early period.

MILLER: You keep speaking of 30, 000 r to ablate the thyroid in an
adult; how much is required in an animal one-month old?

BUSTAD: 1 feel that—and this is partially intuition—it's possible
to see hypothyroidism. If you permit me to choose any animal and
choose a certain desage regimen, | could produce it with maybe 5000
or 6000 rad in ar. animal that's very young providing you wait the ten
years or so that Dr. Dunham n:entioned earlier.

MILLER: There is a nced to make a study in animals that dupli-
cates the expericnce of these children. :

BUSTAD: Well, I've discussed this with Dr. Dunham some time
ago and some of this is under way. '

DUNHAM: [ think the point is well taken that it is a combina.ion
of intzrnal and external.

BUSTAD: That's right.

DUNHAM: And in the other data, it's either one or the other.
BUSTAD: That's right. And 1 feel strongly about this.

BRUES: Ablation of the thyroid is a different matter as regards the

production of adenomas. You have to leave some tissue but remove
enough so that the pituitary sees a tityroid deficiency and stimulates
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the thyroid cells that remain with thyroid-stimulating hormone. So

l would supposc that the adenomas would go through a maximum at
some point. In addition to that, if with radioiodine, as you have said,
Leo, the irradiation of the thyroid is not homogeneous so that the outer
I7yer gets less of a dose than the internal part, there might reinain a
reservoir of cells or the periphery which would be stimulated by the
pituitary response to hypothyroidism.

CONARD: But we had two cases, remember, with ablation and
with practically no thyroid function. These glands are gone.

DUNHAM: What's your evidence that there is ablation? You said
hypothyroid. How hypo were they?

CONARD: Their PBl's dropped to below 2 micrograms percent,
their glands were no longer palpable, and .heir jodine uptake was
nil. I do not see how you could account for this ablation on the basis
of the incrcased whole-bndy radiation since, if the whole-body ex-
posure had been increased by cven a factor of two, we would have
seen considerably lower white counts than we did.

BUSTAD: If you look back on these two boys can you really separate
out the blood picture from, say, 150 r versus 250 r exposure?

CONARD: I think so. I think if they had had 250 rad we would have
seen signs of infection or bleeding in these kids.

AYRES: You said a while ago that the thyroids of these young chil-
dren would abaorb about the same amount of iodine as an adult but
the glands were smaller. I8 that taken into account in the internal
dosage calculation?

~ CONARD: Yes. This is what brings the child's dose up so much
higher than the adult dose.

AYRES: I just didn't notice.

BUSTAD: A ﬁctor of ten.

BRUES: In fact, the ratio is better estimated than the absolute dose.

CONARD: Perhaps! [ Laughter]

i - B————— - i AS——
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CONARD: Figure 20 shows one of the boys with greatest growth
retardation {on the right) standing beside his brother who is a year
younger. Shortly after this picture was taken we started the boy on
thyroid hormone treatment. Figure 21 shows the same stunted boy
on the left before treatment and on the right a year later.

ROOT: His features— the myxedema is gone.

CONARD: Yes. He's changed in appearance. 1 haraly knew him
when | saw him after treatment with the hormone.

We'll go on then to the chronic exposure irom residual fallout.
I refer here to the period following the first few days of acute exposure.
In this situation we have low dose rate whole-body irradiation, possibly
some irradiation of the skin, and internal absorption of some radio-
active isotopes. ' )

We know that chronic low dose exposure such as this will increase
to some extent the incidence of leukemia and cancer of the skin and
has beun seen by radiologists over the years. But we are in a region
that we really know very little about in regard to human effects. We
get down into the region in which there is controversy over whether or
not there is a linear dose effect relationship and whether or not there
is a dose threshold for the effect.

In the case of the Marshallese, at the time of their return to Rongelap
Island there was a low level contamination consisting mainly of the
rediocisolopes cesium-1237, strontium-90 and zinc-65. Though the body
burdens were well below the MPC levels, it has afforded us a unique

" opportunity to study th~ radioecological situation in the Marshallese.
Perhaps in your discussion tomorrow, Lauren, you might bring in a
little bit more on this aspect of the thing.

DONALDSON: Yes.

CONARD: 1 find it extremely difficult to viscvalize what the situation
witl be during the aftermath of the atomic borab. I have tried to vis-
ualize the importance of residual fallout in this situation and I just
can't give it too much emphasis. To me, if one survives the acute
fallout situation the economic, transportation, and psychosocial prob-
lems will far outweigh the residual fallout prolLlem in importance.
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Figure 20. Atright, a 12-year old boy with greatest growth retardation;
at left is his brother o year younger. From R. Comard.

Same boy with retarded growth as shown in Figure 20; ot left,
before thyrcid treatment, ond ot right é months ofter treatment

began. From R. Conord.

Figure 21.
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UPTON: Could 1 ask, Bob, about the dose rate at the time they
were evacuated? Suppose it had been impossible to get them out
promptly? Suppose one had waited a few days or a few weeks, would
the situation have been vastly different in the outcome? :

CONARD: There wouldn't have been as much difference as you
might think. The total dose would have been, say, around several
hundred rads, around 250 [ believe it was, 1f they had stayed on there.

DUNHAM: And never left at all?
CONARD: Yes.

ROOT: ls it because of the short half-life of most of the elements
that there would have been no appreciable increase with time?

CONARD: It's due to the fact that the shorter-life elements are
dying out and only the longer-life ones are left, so that the radiation
dose .rate reduces with time and the dose rate would have been con-
siderably less as time went on. -

ROOT: Like, for instance, if you have strontium-90, docs the body
takc up as much as it can in tne initial stages so the residual strontium-
90 doesn't have much effect?

CONARD: You do reach a poiut of equilibrium with the environment,’
that is provided the dietary source of strontium-90 remains constant.

UPTON: But the total dose wouldn't have been twice what it was
had they remained indefinitely on the island?

CONARD: No, not the whole=-body dose. .

TAYLOR: lsa that independent of strontium-90 concentration in the
food that they eat? [ thought that that didr't really come up.

" CONARD: In the Marshallese the majoz;ity of the prcsvent body bur-
den of strontium-90 is Irom their natwe dietary source after moving
back to the island.

AYRES: In the first few days the concentration of strontium-90
would have been very, very tiny, whercas ten years later it would
have been a significant fraction of what was left.
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CONARD: Relatively greater, yes.

EISENBUD: As a general rule, as many of you know, the dose
rate goes down by a factor of 10 for every sevenfold increase in time.
The dose rate must have been down to about 10 percent of what it was
when it started. Had they stayed on then, as you said, it would have
béen a smaller figure, somethirng like 25,

AYRES: It's not true in the early hours, when you're not at ground
zero, because of the delayed arrival.

UPTON: But this is simply the external radiation. This doesn't
take account of continual recontamination by [ission products in the
environment. The internal burden would presumably continue to in-
crease.

DUNHAM: Relatively speaking the strontium-90 is unimportant to
begin with, as Dr. Ayres points out. The amount of strontium-90
that they are now living with isn't very different from what it was
when they left. It was the material on the surface of the food that
they might have eaten on the first two days that was important.

CONARD: [ think we should seriously consider the possible psy-
chological reactions to the residual fallout situatior. It would be a
great mistake if this hazard were overplayed. It could cause psy-
chological unrest and interfere seriously with realistically facing the

recovery problems. 1 think this point deserves serious consideration.

" FREMONT-SMITH: Also, there would be a credibility lack if we
made less of it than we should and it 'vas then discovered that we had
made less of it.

CONARD: Yes, that's true,

ROOT: Could | have a word about the crab that was a staple in
their diet, I've heard two things: one, that the crabs ingest their own

shells so they are forbidden as food; and the other, that they have disap-

peared entirely, :

'CONARD: No, they are still there. They're reduced in number.
The coconut crab is quite a delicacy among the people.

DUNHAM: [t's not a staple, it's a delicacy.

~.

REE
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CONARD: T} are very fond of it. .

DUNHAM: Thev sa; there's a distinction between this and a staple,
which is something they must have to live on—a main constituent in
the diet. Crab is a delicacy when they can get one.

CONARD: These crabs have a concentration of 4000 to 5000 units
of strontium-"90,

FREMONT-SMITH: In their shells? In their meat and their shells?

DONALDSON: It's in their digeative gland. It's characteristic of
crustaceans to build up reserves of minerals to use at the time they
molt and this then is translocated into the shell from the storage house,
in this case in the.....

FREMONT-SMITH: It stores minerals in its skeleton and then re-
leases them when it's going to make a shell. When the crab makes
its ncw shell it takes it not from the skeleton but from the digested
matter.

DONALDSON: This translocation takes place in relatively short
order. One distinct difference between the coconut crab and the usual
crustacean is that as soon as the crab finishes the molting process and

the new shell is formed, the crab eats the old shell and thus these
mincrals are returned to its body.

FREMONT-SMITH: They cat what?

DONALDSON: They eat the shell,

FREMONT-SMITH: The old shell?

DONALDSON: Yes.

FREMONT-SMITH: So they don't lose anything.

DONALDSON: So it preserves the materials and they go on perpe-
tuating this process year after year. This is a particular situation

peculiar to the coconut crab. It's not typical of crustaceans in general.

FREMONT-SMITH: I'm sorry. This eating the shell is what the
coconut crab does?
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DONALDSON: Yes.

AYRES: Perhaps I may make a further remark about the relative
importance of strontium-90 in this case as opposed to, say, a nuclear:
war. Probably it's not important in the long run on Rongelap compared
with the initial dose that peoplc had, but it might be important in the
aftermath of a large number of nuclear weapons if you're talking about
the region away from direct fallout.

CONARD: You mean where it was involved immediately?.

AYRES: I'm not saying that the strontium-90 would be important
when compared to the damage to the area of direct fallout, but where
local fallout didn't fall, strontium-90 would be one of the most impore
tant things with which to contend,

DUNHAM: Are you talking about worldwide fallout?

AYRES: Yes.

CONARD: In the situation that we're talking about, if vou had a nu-
clear war, aren't you going to have practicaliy everyhody involved aad
isn't the amount of strontium going to be trivial to the problems of

. transportation and all of the cther problems that are going to exiat?

AYRES: I think probably so.

DE BOER: We don't have to talk about an all-out ~n\;c lear war.

Y ) AYRES: The point is that pcéple tend to worry about the most im-
portant residual cffect that affects them, and in some parts of the world
strontium-90 might be the most important residual effect. In other
parts, not. )

DUNHAM: In other parts it might be something else.

AYRES: Possibly. In the areas more direc‘tl'y damaged it ‘vould be
a relatively minor thing except very late again. :

! FREMONT-SMITH: If people recovered from this damage, then it
would come in again. '

i AYRES: Yes, many ye:ars latér.
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FREMONT-SMITH: So the assumption is if you neglect it,you
don't recover from the damage.

EISENBUD: [ think we should bear in mind that through a process
of testing we have disseminated around the world a very sizable frac-
tion of the total amount that would be produced in an all-ouat nuclear
war. Hasn't there been about 500 megatons of iesting? Let's say in
nuclear war you t: 'k about 10, 000. Now you've got a good tracer ex-
periment. You see, you're up to maybe somewhere between | and 10
percent of what would be released. If you increase the present level
_ & hundredfold without creating a risk it would be significant compared
" to the social consequences of the bombings themselves in the immediacy.

AYRES: That's just a few hundred megatons over a decade although
most of it was concentrated over 3 or 4 years.

EISENBUD: What's the difference? It's all long-lived stuff.
DUNHAM: We're talkinag about the late effect.
EISENBUD: It doesn't matter, It's undistributed.

AYRES: Yes, but the uptake phenomenon very much depends on the
timing here.

EISENBUD: For strontium.90?

AYRES: Uptake efficiency is much smaller for strontium<90 in the
soil, compared to uptake of strontium-90 {rom foliage. If you nave a
lot in the atmosphere at one time you may get quite a considerable dose
and, of course, it's stored in the bone.

EISENDBUD: As [ say, it can increase about 100. You take the social
consequences of the bombing themselves and the immediate conscquences
and compare that with the worldwide consequences of, let's say for the
sake of argument, everyboedy having 500 picocuries of calcium. [ would
say that the late effects would be a minor thing.

TAYLOR: There's still one other case and that is when you consider
strontium-90 in the region wherc there was heavy fallout but the people
were protected, let's say, by fallout shelters. The guestion is, what
is the remaining hazard then” Let's say people are out of their shel-
ters after a month. ! don't know. I'm really asking. Is it clear that
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in such a case strontium-90 is the main source of radiation to thesge
people? '

CONARD: 1 think it is. It's probably the main hazard from a
radiation point of view. I still contend that this small selected group
of people is going to be faced with many more problems that far
outweigh possible contamination from strontium-90.

AYRES: I accept that, but [ wanted to bring out these points.

CONARD: The last item [ have here is protection, survival, and
recovery measures. [ don't think I need to emphasize to this group
the fact that taking shelter in cither homes or basements or fallout
shelters is quite protective. I think that one might want to consider
such things a¥ the use of the stable isotopes, perhaps strontium
and particularly iodine, during this acute period. It only takes about
three to four milligrams of iodine a day in the adult to suppress the
absorption of the iodine uptake of the gland, two to three milligrams
in the case of children. 1 don't think it would be unreasonable to
have a little Lugol's solution, potassium iodine, available to add to the
diet and perhaps stable strontium or calcium.

WARREN: How much are we getting now in the salt? At one time
we had a lot of hypothyroidism and myxedema around the country and
there was a drive to put increased iodine portions in the salt. I think
the Morton Salt Company has done that, but I'm not certain.

FREMONT-SMITH: They have. In fact, you buy it in the grocery
store. We do regularly.

WARREN: Yes, but is the iodine still added?

FREMONT-SMITH: So it says. You can't taste it, but it says so.b

CONARD: It's a small amount, a very small amount.

BUS'fAD: I would exercise caution, 1 think, in recommending stable
strontium because I think the amounts that you would require to really

affect the uptake would be toxic.

AYRES: Any stable calcium would be just about as good, wouldn't
it?

CONARD: That's right.
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WARREN: .....because the strontium can onlv join if there is

a gap in the calcium. Do these people have milk? Is there calcium
in the coconut milk? :

CONARD: I'm not sure what the calcium content of coconut milk
is but they certainly had no cow's milk and there were very few
" children that were nursing at that time,

WARREN: Fish bones have some, don't they, Lauren? Fish
bones have some calcium. '

DONALDSON: Yes.

WARREN: Don't they eat om:all fish total?

DONALDSON: They eat the entire fish.

WARREN: So this is ohe of the sources of their cilcium. You

don't know whether they've got a calcium deficiency, do you, so that
they sop up calcium?

- CONARD: Ve don't know that specifically.
WARREN: This could vary from day to day.

CONARD: We've done the strontium-calcium ratios in their
urines, and, as I remember, the calcium was within normal limits.

DUNHAM: With all that coral dust blowing around the atolls there,
they can’t be deficient in calcium.

DONALDSON: There are several cyclic phenomena here. One has
to realize that the atolls are mede up almost exclusively of cal<ium
compounds. There ia a tremendous availability of calcium although
most of it is not in soluble form. There are noticeable deficiencies
of some elements in the areca, particularly iron, Thus, some of the
plants don't grow well because of the lack of this element. On the
other hand, the natives' diets are geared to this type of environment -
through survival patterns, or whatever one wishes to call them. ‘

One of the greatest sources of minerals in these diets, beside the
coconut crab which is a delicacy, is the giant clam. This clam alsc
is a great filtering mechanism for the sea. It tends to concentrate
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its mineral requirements from ihe sea in not only the shell but parti-
cutarly in the digestive gland. People eating the entire organism are
thus actually being supplied with the minerals they need. The same
is true if .ney are eating the fish; they eat the entire fish. Maybe you
can say it's the Japanese influence, but as part of their diet they will
eat many of the algal groups and here again they have a good source
of minerals,

1 think one might comment that one of the things we have feared was
that a nice handout would change their food habits appreciably— they
are eating rice now and canned goods to a very grcat extent, This new
diet may have a much more specific cffect upor them than some of the
things we've been talking about in the context of radiation contamination.

FREMONT.-SMITH: Do you think their diet might become deficient
now because of the canned goods?

CONARD: 1don't think so. [ think they're getting more protein
now. They eat canned salmon,

FREMONT.SMITH: But what about minarals?

CONARD: We haven't seen any real evidence of nutritional defi-
ciency.

BRUES: If I may quote from your most recent monograph (Refer-
ence 9), the 1965 urine analyses showed around 100 milligrams of
calcium per liter. ! suspect this is a little low rather than high.

CONARD: I've forgotten exactly what it is.

MILLER: The question was ruised this morning as to whether or
not radiation was singled out as a special horror when, in fact, it
was not special. Yet you have shown us that among the Marshallese
there was no serious consequences from failout at first, but after
10 years a high proportion of children were found to have thyroid
nodules and two of the children were very markedly dwarfed. Why

‘shouldn’t there be fear, then, about radiation in particular? These
people had no controj over it. Exposure need not come from nuclear
war; in this instance it was a nuclcar accident. As Dr. ae Boer said,
nuclear wars or nuclear weapons now may be more limited in their
effect, more limited in their areas of influence where perhaps fallout
will be a serious consequence. But, even if it is not, the fear among
the people may be deep and widespread.
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TAYLOR: I would like to ask two questions that are related to a
possible lesson from the Bikini experiences that might apply to a
nuclear war situation. One can certainly visualize circumstances
in which there is heavy fallout in an area and there are shelters of
some kind available, but in the process of getting into the shelters
pcople are aubjected to some amount of fallout. The question is how
important is it likely to be that they decontaminate themeelves to get
rid of any surface activitiy that is clinging to them that is gamma
radioactive? s there any estimate of what fraction of the total body
dose the natives got that wase due to gamma emitters that was in the
white ash that stuck teo their bodies and would foilow them into the
shelter if they had gone to one?

CONARD: It was a very amall proportion. Usually they say the
beta-gamma ratio is about i00 to 1, so they were getting about 100

times more beta radiation on the skin than they were from the gamma.

TAYLOR: So the necessary decontamination would be to get rid of
the source of beta burns?

CONARD: Yes.
AYRES: s this 100 to ) ratio based on specific studiea?

CONARD: 1 think this is just a general statement from my under-
standing of it.

AYRES: Well, I've heard numbers like that but the only pertinent
research 1 am aware of was done by Steve Brown (Reference 33) at
SRI about two years ago. It suggests rather smaller ratios more
like 25 to 50 to 1.

CONARD: I've heard that; it's controversial, 1I'm sure,

AYRES: They have actually taken the fission spectrum and done
detailed calculations for the first time to my knowledge.

CONARD: DRut, even so, that's quite a ratio.
AYRES: Yes. It's a useful number.

WARREN: 1 wouldn't like to leave the impression that I think it's
unnecessary. I think the precaution.....
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TAYLOR: Assuming it is very hard to cet this stuff off, the ques-
tion is how important, rcally, in a major disaster situation would it
be to get the stuff off? [ gct the impression it wouldn't be terribly
important—that people would get heta burns but that these really are
not terribly serious.anvway. '

CONARD: They can be serious, but it's fairly casy to decontamin-
ate the skin. Even with a damp cloth you can probably wipe enough
fallout material off so that you won't gzt a burn.

BUSTAD: ] wouldn't sell beta burns short. They are very irritating,
at lcast that's what my pigs told me! Furthermcre, there is a long
latency for the development of skin cancers. 1 would also point out,
although it may not be very significant, that iodire may be readily ab-
srbed through damp skin. "(The radioiodine in case of fallout originates
fron tellurium in the fallout.) I would recali for you that we can ob-
tain cur requirements for iodine if we just ruo tincture of iodine on our
skin, We'll get enough that way to satisf{y our demands.

FREMONT-SMITH: You mean all over or juat a little bit here and
there? . S

BUSTAD: No, you don't have to rub it all over.

WARREN: Well, in the mass casualty situation you wouldn't want
to have to supply all of the materials, ointments, and bandages to
protect the skin while 1t was breaking down, and if you could eliminate
this from the consideration, it would be worth doing.

TAYLOR: It sounds like a difficult job.

~ CONARD: To get it completely decontaminated. It was very dif-
f_icult in the Marshallese but I'm sure they would never have developed
any further skin burns if we had gotten it off completely.

FNEMONT-SMITH: Baths may not be availablé in a disaster area
for everybody. There may not be that much uncontaminated water to
use, . '

WARREN: Some did go into the ocean and were lcss contaminated.

FREMONT-SMITH: But we're nct all staying close to the ocean.
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WARREN: I mean in their case. Of course, all the shelters will
have showers. '

FREMONT-SMITH: Exactly. I said there wouldn't be enough
shower water,

DUNHAM: You know, the problem is a little like the flash burns
in Japan. What clothing is worn makes a little difference,

WARREN: Yes.

EISENBUD: I think it's awfully hard to be adequately imaginative
about these things and most of us, I think, have kind of insulated our-
selves. [ used to think about it more than | have in recent y:ars and
it used to impress me. Frankly, I haven't thought about it recently,
but I think basically you've got to face the fact that you have a pretty
high doctor-to-patient ratio. You didn't have the complications of
blast; you had adequate food supplies; you had adequate water supplies;
and you didn't have panic. When I think of the kinds of inte acting of
medical and logistic problems that would arise in the event of a real
nuclear war, it seems to me that almost any type of injury would
greatly lessen the chance of survival.

FREMONT-SMITH: Absolutely.

EISENBUD: It could be even a minor injury to a finger. If a man
has get to dig himself out of the rubble and has a broken finger, he
may not be able to get out and we haven't faced up to the fact that
these things do interact in a way which is not only unpredictable but
incalculable. I don't know how to apply numbers to these things.

CONARD: That's true. You may have a severe leukopenia that
develops and this, in conjunction with a laceration or even with beta
burns of the skin, may result in serious infections from a tiny wound.
You may have a very serious situation.

FREMONT-SMITH: A small infection then could be fatal.

EISENBUD: That raises the question of what is the LD-50 in a
populace exposed to mass bombing, and [ don't know whether you
want to get into that or not.

FREMONT-SMITH: How many assumptions do you have to make
alternatively to try out that figure. There are at least 10 or 15
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sevarate sets of assumptions you can start off with and each one feads
in a different direction. | bring this out because in the very simple
hypothetical situation we had in which only two counties in northern
New York State were exposed to the bomb we couldn't settle down to
really reach conclusions as to what we should do becausc there were
different kinds of assumptions you could start off with which lead in
different directions. [ think if we had a nuclear war it would not take
very long to list 50 different things which would make what you were
planning tv do quite different.

EISENBUD: Yes.

BRUES: You have innumerable little judgments in the case of water.

'If someone has a half-pint of water, how much does he drink and how

much does he wash off with?
FREMONT-SMITH:- Exactly.

BRUES: And does he drink contaminated water or does he wash off
with it, or both? : .

EISENBUD: May I take a poke at the government again in connection
with this. This was the first shot of that Castle series and it delayed
the second shot. It proved what a lot of people had suapected; you can
have massive fallout foliowing a surface detonation of a megaton bomb.
Based on early, very sketchy data collected by two or three individuals,
certain isodose curves were drawn which are, at best, approximations.
Those of us who have had the experience of actually mcasuring these
fallout patterns from smaller weapons find that tl.oy are not quite so
uniform, that they tend to be amoeba-like and are harder to find.

There arose out of this experience the need for an experiment which
would make it possible to get better approximations of the total amount
of debris that falls out; physical and chemical characteristics, This
wasn't done, and as far as | know hasn't been done in any other subse-
quent explosions during the period when they were still testing in the
Pacific. [ think that, from the point of view of national security, we
are without information which is badly needed.

Now, it's needed to simply answer questions. It may be totally -
useless in the sense that there may not be, even with the present in-
formation, a satisfactory answer to all the complications of mass fall-
out and the way it would interact with blast, ’ '
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DUNHAM: There were a couple of heroic efforts. One was to
actuatlly sample with rockets to find out what was coming down into
the air shortly alter the explosions, but the rockets all failed or
something went wrong. There was also quite a lot of effort to collect
stuff on barges and things. The NRDL was involved in this.

EISENBUD: When you say "heroic', what people were trying to do
was slip things in. Then you remember the way we laid 400 rafts and
couldn't find them afterwards. DBuat this was all stuff that was done in
a hurry trying to fit our requirements into a schedule that was already
laid down and couldn't be changed.

DUNHAM: One of the big problems was simply the old business of
trying to guess where the wind is going to be if you're talking about
surface collecting, and they tried to get around that by a whole program
of rockets. Dr. Alvin Graves of the l.os Alamos Scientific Laboratory
and Dr. Willard Libby, then one of the AEC Commissioners, were
promoting this and it just fizzied. [ don't know what happened to the
rockets, but they never did get much data.

TAYLOR: 1 think the reason that the experiment just is not done is
there's no place te do it. If what one wants is to lire a few megatons
on the surface of the dry land somewhere where there isn't a lot of
water involved, the question is where do you do it?

BUSTAD: You can do it in China! [ Leuchter)

EISENBUD: Granted. And, of course, this is an extremely im-
portant point.

AYRES: What is it that we don't know?

EISENBUD: Would you want to set national policy based on a single
set of observations which yielded data which at best were just scavenged?

AYRES: Which types of data a-e you referring to specifically? There's
much more than one set of data on this.

TAYLOR: Not a megaton.

AYRES: There's a lot of kiloton data that's very diffesent and some
megaton data (Reference 34). :
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S 'DUNHAM: lIt's still not known whether one-third or two-thirds
comes down within several nundred miles of a megaton burst,
EISENBUD: You can measurc the doses and not have to fecon-
struct them,
) AYRES: The particle size distribution, [ believe, is now much
s better understood than it was two years ago.

DE BOER: This is an area you can't discuss very much because
you get into clacsified information. I think you're really treading
on thin ice now as far as that's concerned.

. MILLER: May ! ask how many casualties there were in the
- Marshallese?

CONARD: What do you mean by casualties?

MILLER: That's what [ want you to tell me,

FREMONT-SMITH: You want to know how many there were or
what do you mean by casualties?

WARREN: It's the qualitative rather than the quantitative defini-
tion. You mean some of their white counts fall and there'’s no other
evidence and they are nauseated and some of them had beta burns
and some didn't,

-

CONARD: Almost all of thesc people were affected in some way.
FREMONT-SMITH: 100 percent casualties.

MILLER: Yes, among the Marshallese. But then there were

casualties in Japan. Dr. Donaldson has told us that the mother of one

s of his students was a casualty, and Dr, Schull has told us about a

’ mother and daughter from Osaka whose fears caused them to seek
medical advice, and who were, | suppose, psychological casualties.
And there may have been many more but these were just a few we
happened to hear about. | am wondering if perhaps there were not
mass casudlties as a result of the Bikini experience. One must think
of the people around th2 world, especially those in Japan, who were
casualties medically, economically and/or psychologically.
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CONARD: Well, in this small populaticn we were not able to ob-
serve any casualties other than those produced by the radiation effects.
There was nothing that I would classify as psychological casualty. As
far as their relationship with the other Marshallese people and this
sort of thing is concerned, we were not able to observe anything un-
usual. )

MILLER: M wint was that the casualties may not be limited
to the Marsha.

UPTON: The.. has been a thyroidectomy, hasn't there?

CONARD: Eleven pzople have been operated on; 11 surgical cases.
FREMONT-SMITH: Do thgy count as casualties?

CONARD: 1 just don't know what definition to give.

UPTON: How did they react to their experience? Wbu!d> you say
this has been a source of distress? Haas it been disconcerting?

-CONARD: Several have come up to me in the last survey and said,
“'Can't you find a nodule so that [ go to the United States and get oper-
ated on?" [Laughter] ' '

FREMCNT-SMITH: The mass casualties are all those who haven't
been able to go to the United States!

MILLER: As I said before, my point is that the casualties may not
have heen limited to the area of fallout. They may have occurred in
Japan, affected indirectly by the fallout, hy economic troubles, by
suicide, by other psychological disturbances, and by the uproar in
gensral. That was my point—that there really may have been many
more casualties than one can count in the area of the Marshall Islands.

'FREMONT _SMITH: And the whole of E\irope was disturbed and had
a different reaction toward the U.S., and that's a major casualty.

ROOT: Yes. That's a grievous psychosocial effect.

WARREN: There's another generally insidious casualty which af-
fects all levels of government. To mayors, supervisors, governors,
and on up, Civil Defense has fallen flat on its face on the basis that it's
impossible to meet the situation which we don’t think is going to happen
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anyway. It would cost a lot of money and trouble so we're not going
to do anything about it until we have to.

FREMONT-SMITH: Yes.

WARREN: That puts us in « very vulnerable sitnation. There was
a general participation and training up to about 1955 that could have
provided a fairly competent protection in the possibility of warfare
affecting the United States. But now there exists nothing that is much
more than a paper organization, very poorly supported, and not well-
understood or known.

FREMONT-SMITH: This was the psychological casualty, wasn't
it? '

WARREN: This was the psychological casualty.
FREMONT-SMITH: Of the whole country.

WARREN: There's a group of asristant professors who know nothing
about World War Il and still less about atomic warfare. They have 2
kind of vague apprehension. They would like to know more and they
are beginning to work on it. Of course, there's a very small group
that is willing to work on it. The rest of them think it's a horrible thing:
"We must stop all war." This is a nice goal but we haven't gotten very
far on that goal yet.

'FREMONT-SMITH: Not quite,

WARREN: This is really where we run into trouble in the long run.
How do we bring .his situation to a focus and how do wc deal with it?
In our culture and history it se.ms to me to lead eventually to a war,
because cur people will eventually get sick and tired of the harassment
and impasse of cold and hot partial wars and atomic war blackmail.
Earlier, I heard this very often from audiences. A prominent business-
man and other leaders in the community will stand up before four or
five hundred people and say, "Well, if it's that bad, let's get it over
with while we're ahcad. Why are we waiting around? Let's go and do
it now. "

FREMONT-SMVITH: You remember, Staff, the conference that we
attended. We had a group of stee! people from Pittsburgh, and on the
first day of the conference that was their attitude.
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WARREN: Yes.

FREMONT-SMITH: '"If it's that bad, we'd better damm well have
it quickly before everybody else can do it."" We didn't end up with
that mood but | think it is not an uncommon attitude and therc are even
some people saying this in Washington today.

BRUES: Another way of dealing with the frustration is with drugs.
1 wonder how much of the current drug usage is.....

FREMONT-SMITH: You mean we give drugs to Washington?
BRUES: Perhaps we should. [Laughter]

FREMONT-SMITH: Excuse me, sorry. You mean drugs to pro-
tect people?

BRUES: I mean, how much of this business is another reaction to
this same frustration?

ROOT: You mean LSD?
BRUES: For instance.

ROOT: Yes. Drugs are one way to deal with frustration. 1 think
so very strongly. You listen to the flower children talk—the bomb ia
coming and we've got to get cut. [ know one group that's really setting
up a colony in the Amazon. They've got it all figured out that the
Southern Hemisphere will get less fallout. Behind this kind of "there
is no tomorrow'' philosophy is very much the feeling that they have been
betrayed, there's nothing they can trust. The only true experience is
Now. In that sense we have lost a very sericus war in that we are
losing an increasing percentage of our youth.

FREMONT-SMITH: That's what I meant by the gap bet'ween the
adult population and those who don't trust anybody over 30. Most of
us-are over 30 and so we can't be trusted. i

BRUES: The ones over 30 have the other irrational way of dealing
with it, which is to have it over with.

FREMONT-SMITH: Yes.
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UPTON: Before we get too far away from the Macehall Islanders,
I find it really quite intriguing that a population can be dusted, can
develop buvns, can be moved off their home island, can see their
children stunted, can develop thyroid tumors and can accept this
philosophically without great emotional upheaval.

FREMONT-SMITH: Have they really understood it?

UPTON: Yes. [ would be interested in asking Bob to say a little
more about how this situation was explained to them in the beginning.

FREMONT-SMITH: If ever.

UPTON: Do they really understand its implications? Do they worry
about a recurrcnce, for instance? What do they think about it all?

CONARD: Well, it's really hard to know. They have sort of the
Oriental viewpoint on things and they are a very phlegmatic type of
people. Their reaction to this whole thing has been very calm and
collected. They have accepted things as they have arisen. Moving
them to another island to live, they took it in their stride. These
people move around from island to island very readily anyway. They
like to go over to Utirik or some of the islands to see other members
of their families that are living there, It's nothing unusual. In the
old days they used the outrigger canoes to go by family to the island
and now they use the interisland cargo ship, the copra ship. They
crowd on the decks of that and camp there.

FREMONT-SMITH: Have .thcre' been any anthropological studies
made by Orientally-oriented anthropologists who might understand
them; a Rorschach test for the Marshallese people?

CONARD: No, sir, not that I know of.

FREMONT-SMITH: 1 think this is the only way one could get an
answer because one doesn't know what has been repressed in this
so-called phlegmatic attitugde. Our Negroes werc also very phlegmatic
and something unphlegmatic seems to be coming to the surface now.

CONARD: They certainly don't have any of the headhunting aspects
that | had been led to believe existed whea ! went out there. I haven't
seen it. o
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‘EISENBUD: 1 spent quite a while on various of the isiands in 1956.
This was two years after the event and there were tests in progress
then, ! guess—the Red Wing exeércises. There certainly wasn't any
official apprehension on the part of any of the natives. In fact, [
think 1 spent one night on Utirik on an ~xpedition. They were all very
friendly and pleasant and aomewhat excited by all that was going on.

WARREN: Historically they've had to worry about food and typhoons
and drough: and invasion by other peoples, not the least of which is the
colonizing groups—the Japanese and now the Americans. While they
probably have some radios and they hear a lot, they don't really have
control over their situation and yet don't want to change it or do any-
thing about it. I'm reminded about the time in our culture when tuber-
culosis and fatalities from lobar pneumonia were just accepted as being
unfortunate. If the old man got kicked by a horse, had a broken leg
and laid around and couldn't do the farm work, well, this was part of
life. It was just tragic.. It wasn't all right, but it was acceptable,
We're not in this culture today nor in that frame of mind. We've got
miracle drugs and we've been told about all of the advantages and the
wonderful life, etc. Our young people don't see it our way. They
haven't been raised in a family where members died at inopportune
times nor have they lived in a general population which was close to
the bare subsiatence level.

Also, I think I remarked last time that our people came West with
a gun and always had a gun handy and knew something about Indian
fighting and predators of various sorts, hurnan and others. We haven't
_ had these experiences recently and a certain amount of self-reliance
has now been lost.

FREMONT-SMITH: Do you mean we can't use the Marshallese
experience very well to extrapolate what will happen in the Midwest
after an atomic war? :

WARREN: Bob has just indicated that people adjust, and I think we
would adjust to whatever happens. What clse is there to do? You've
got to eat every day and sieep. :

AYRES: It's interesting; there's a difference between our culture
-and the Orieatal. We believe deep down that we can change our sur-
roundings. .

WARREN: Yes.
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AYRES: In that we do not differ from our ancestors who went West
with guns. We still believe we can change the Vietnamese, and that
somehow we're going to make democrats out of them. We wouldn't
be here if we didn't belicve we can have some effect on our own country.
But the Marshallese don't believe they can have any influence on their
surroundinrs, and that's probably why they accept things like this.
These arc just Deus ex machina. '

, CONARD: As Staff pointed out, these people do show some of the
characteristics of stoicism and the rigors of a hard previous life.
They never celebrate a birthday, for instance, until a child is one
year old because they're so used to thern Jying before they reach that
age. They don't accept them as human beings before that.

WARREN: That would save them some trouble, wouldn't it?

CONARD: And the older people are all set aside. 'You're old now.
We'll give you some rice or something and you take care of yourself.
But they love the children,

MILLER: Isn't there another {eature? They are in an izolated place
under American control and no one can reach them to inflame them or
to pattern their thinking as in Hiroshima,

DUNHAM: People go down there from time to time and try to stir
them up but they don't get very far.

CONARD: They got stirred up as far as to institute a suit against
the United States Government. They tried to suc the American Govern-
ment for something like $40 million. There were several lawyers that
got into the case and tried to push the thing for them but that fell through.

EISENBUD: They've had several missionaries down there.
UPTON: Do they wonder why you're coming back every year?

CONARD: Yes. For a long time, for the first six or eight years,
they were puzzled because we would tell them at the end of the examin-
ation, ""Well, we find that everything is fine, that you're doing fine.'
Then they would say, "Well, why do you have to come back and take
our blood and examine us again if everything is fine?" This is very
difficult to explain to a naive group of people like that. But we did the
best we could, We told them that we wanted to be sure that something
might not develop. They accepted it gradually and over the years now
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I think they look forward to our coming out. We consider them our
friends. '

UPTON: You speak of mobility. Have a number of them moved
away? Have you lost any of the population?

CONARD: They have only moved to islands that are readily ac-
¢. sible to us. The '""Paris'' of the Marshall Inlands is Ebeye, which
is an island just next to Kwajalein, where a large number of Marshal-
lese work for the governme.$t. We have a big Nike-Zeus testing station
there. -

AYRES: Relative to what you have been saying in the present conver-
sation so far, of coursc, nothing sericus has happened. They've had
these nodules but they are not very obvivus. What do you imagine
would happen if something fairly visible occurred, let's say a skin cane
cer or one of these beta burn lesions, and you came out and made quite
a fuss about it? Do you anticipate some very serious psychological ro-
actions building up? ' '

CONARD: I think they have the capacity to become emationally upset
about these things. They showed some degree of homesickness, for
instance, when they were on the other island they were temporarily
living on. Then the word got around, falsely, by the health aide that
none of the women were going to be able to have children again, and
this caused quite a bit of furor and concern until we were able to re-
assure them. ‘ '

FREMONT-SMITH: How did they show this? Just in statements?

CONARD: 1 got the word indirectly. They didn't come to me with
rhis but [ heard that the health aide had told all the women that they
wer: not going to be alle to have any more children. Of course; this
wis a very bad state «f affairs and we got all the people together and
talked to them and explaincd that this was not the case.

-»E‘REMONT-SM[TH: The crew on the destroyer ! was on were all
sure they were going to be impotent until | explained to them that the
one thing they would not be was impotent.
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IMPLICATIONS FOR DEFENSE POLICIES

TAYLOR: | would like to point out what | think is a deeply signifi-
cant difference b:tween a psychological rcaction of the Marshall lsla~d.
ers and people, particularly in the United Siates, who might become
involved in even a limited sort of nuclear war, To the Marshallese
apparently this was some kind of fairly i urtant but not overwhelming
catastrophe which just suddenly happened. We have conditioned our-
sclves as a country for twenty years now to a state of mind that says
when nuclear war breaks out, all is lost. The whole idea of massive
dcterrence is built around the ideca—it was built around the concept of
making the war as bad as possible and therefore avoiding it., [ think
it's really clear from many things that have happened ..nd many things
that haven't happened, that it's our national policy noi to accept as a
working premise any kind of a nuclear war.

FREMONT-SMITH: That's right.

TAYLOR: Therefore, if it does happen, eves in 3 -mited way, it
seems to me there's going to be a very deep psychnlogical fact of life
that will lead to a reaction to disaster which would se very different
from the characteristic human reaciion to disaster: thaot is, to rise
to .he occasion and do the best that one can. There will be a feeling
of hopclessness that we have built up very carefully and thoroughly and
almost studiously over many, many years.

AYRES: I could add to that. A lot of civil defense planuing is pre-
dicated on the assamption that people will cooperate with aguncies of
the gevernment and with its appointed representatives in an emergency.
Yet privately | worry that if a nuclear war occurs, because of this con-
ditioning that you speak of, one possible reaction is a great intensifi-
cation of the ki~¢ of distrust that we've been talking about. "They
really did us in this time. Now we can't believe a word they aay.
Lynch them, hang them from the nearest lamp-post. TNon't follow di-
rections. They're just leading us down a garder path. "

MILLET: I'm interested in this apparent preoccupation with the
anti-missile defense which seems to be one of the things we are
struggling with Russia about most of all right now, with the possible
exception of Vietnam.



ey 4 e e r— e n

158 DASA 2019-2

If itis a true assumption that we're going ahead to increase our
anti-missile defense potential, it would s¢em to me that any attempt
to make any kind of recommendation would have to be focused around
that possibility. This iooks as though perhaps the tide might be tiarning
away from this assumption of absolute disaster toward the possioility
of some kind of defense and it isn't clear as far as The Times or other
public media information atates whether the orientation of this defense
system is primarily anti--Russian or primarily anti-Chinese.

TAYLOR: Hac<n't it been called primarily anti-Chinese by the
Secretary of Deiense? It seems to me thai was fairly definitely said.

MILLET: Yes. it has been sald. 1 think, but.....

TAYLOR: So far as the real reasons for going ahcad with that.
decision are concerned, I think there's one interesting development
that hasn't happened yet that will help reveal what was really in some
people's minds in making that decision, and that is the decision with
respect to fallout shelters. -

MILLET: Yes.

TAYLOR: Curiously, in the recent decision to go ahead with the
small ABM, whatever one wants to call it, I've seen no mention of
any kind about any civil defense measures associated with that de-
cision. It's always been coupled in the past, but this time it was not.
The question is why? »

“MILLET: I was coming to that point'in a sense. [ was thinking
that if we assumea that this is going to be the policy, then this would
seem like a great opportunity for public works possibilities for put-
ting a lot of people to work to build appropnately distanced shelters’
to take care of a.lot of people.

TAYLOR: The difficulty is that other few billion dollars which
have not been mentioned so far as part of this decision to spend $5
billion on this active part of the defense. This would be an unpopular
thing to promote. :
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FREMONT-SMITH: Do we have to consider the fact that we are
just prior to election year? The policy is going to be influenced as
much by the oncoming election as it is by national security perhaps.

TAYLOR: I'm surprised the fallout shelter issue haa not been
brought up again.

ROOT: Would this indicate that the distribution of anti-ballistic

‘missiles had been worked out in a way that makes fallout shelter un-

necessary?

TAYLOR: [ don't see how, because no one, | think, is arguing that
any ballistic missile defense system against any threat will be perfect;
therefore there will be somc leakage. [f there really is an attack,
there will be some exposures on some U,S. cities. This will simply
cut down the number. There's a huge difference in the number of
casualties that would result from, let's say, a single explosion; I mean,
this works pretty well if there's only one cxplosion in one city., The
difference between the casualties with some kind of a recovery plan
and fallout shelters and no such plan is a factor between 10 and 100 in
the number of people that would be killed.

FREMONT-SMITH: Do you think it's possible that those who are
responsible for making policies are well aware of the fact that the
public is not going to respond to the fallout rhelter issue; that the
whole thing has gone down, and that they just hesitate to propose a
plan which is tied to a fallout shelter system? [ think it would be very
hard to get Congress to vote vigorously foi (allout sheiters now unless
there was a much.....

AYRES: The presumption is that the Defense Department wants ABM?

ROOT: Yes. Given the credibility gap, it seems more like a trial
balloon to test public reaction.

DE BOER: If one looks at the development right now, I feel that the
United States and Russia, whether they have agreed in principle, both
know that in an all-out attack between the two big powers they would
destroy each other. Let us consider China or other potential sources
and this feeling of security and certainty fades away rather fast. Our
Government does consider this a thrcat since we are planning a defense
system. But what worries me 1s how we will retaliate when provoked
by China, or even more sinister, by an unknown source, such as was
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pointed out to us by Dr. Taylor yesterday. Will there be mass hysteria
if part of New York or San Francisco blows up, and will there be a cry
for all-out retaliation? Retaliation in what? What are our pians under
these circumstances? How much weaponry shall be used in arder to
retaliate against China; and ‘f we have these plans, what is eventually
cceming back to us in terms of fallout?

TAYLOR: On Russiz.

DE BOER: Or on ourselves as far as I'm concerned. Do we have
any ptans of this nature? [ don't think we have. [ think it's worthy of
consideration in terms of an open forum, whether these plans are here
officially or not officially.

AYRES: As long as you're speaking of China, a lot of people believe
that the Russians are probably building their ADM system because
they're worrying about China.

DE BOER: As Dr. Taylor mentioned yesterday, it does not have to
be China. There are other sources quite capable. Are we ready to
make up our minds as to how to proceed? Also, fallout has to be con-
sidered if China attacks Ru=saia alone.

-FREMONT-SMITH: And you put this out very effectively. How
about if we don't know?

DE BOER: The question is how much of our strength is necessary
to subdue the enemy? It is easily done if one knows the threat. Even
in the case of Russia, we have enough weapous.

TAYLOR: Not if we don't know who did it. Who do we go and hit?
Kill everybody?

DE BCFER: We'll have an idea as to where it comes fram—from the
east or the west.

TAYLOR: All of a2 sudden a bomb goes off in New York. It went off
because somebody put it into the bagzment of somebody's house.

HEMLER: I say it doesn't have to come in by ICBM to go off.

WARREN: It can come in on a ship in the harbor and go off in the
harbor.
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< TAYLOR: Off a ship in the harbor on to a truck and wherever they
A want to put it.

, DE BOER: Let's think about it aow. This is the very point. We
/ may even have to do something about it now. .

‘- ’ . WARREN: That was the argument.

FREMONT-SMITH: We can't possibly get a record if everybody
talks at unce, which is natural for us to do under the excitement,

i ' WARREN: [ wondered, when this came out, whether this wasn't

' part of the cold war effort by China, to have us thinking a bit more
about the situation {blackmail). They have relatively few weapons and
trying it, risking our uncertainties and unwillingness to really retali-
ate, might very well be the case., Could we stop a couple of them with
our defense missiles; which might scttle the matter without our get-
ting grievous injury? We might not get involved, but they're not going .
to send them in clouds for a long time; they haven't got.the potential yet.

AYRES: [ don't see that they have any such intention. Tﬁey haven't

even attacked Quemoy. Yet, everyone seems tc agree that China is
a great threat. :

TAYLOR: There's no reason that I can see that we are taking any
kind of comfort in the notion that they just have two or three. They've

alrcady exploded a little_stockpile.

ROOT As far as the unknown threat is concerned. we know which
nations have the capability.

TAYLOR: Ninety-six nagions at least.

ROOT: i;lave already tested?

T
\ N -
\

TAYLOR: No, no. Have the capability.

-

ROOT: But they won't send 1t over until they have tried it out and
we'll know when they test. Anybody with an Atoms for Peace Program
has the capability. B ‘

TAYLOR: There are 96 countries with an Atoms for Peace Program.
! That's what [ mean.
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- ROOT: {would not think you coukd anticipale‘the delivery of a hy-
drogen bomb from a country that had not already tested. We know
Great Britain is no threat to us. It would be either Russia or China.

TAYLOR: The fission bomb is a different story. That could be
delivered by anybody,

ROOT: Yes.
BRUES: 1 think the timing is another question. !t scems to me
that, at least in our public statement-=[ don’'t know about our inside

knowledge —ve have consistently underestiniated the rate at which the
development would be made in other places,

FREMGNT-SMITH: Yes, every time.

ROOT: The lag has always been less than we have given them.

FREMONT-SMITH: That's right.

WARREN: You can't teli whether it's a fishing expedition. They
may know a good deal more but they made the charge and then see
what happens when they get a rebuttal; more information comes from
it. The trouble is we've got all kinds of activities at different levels
that we do not know about.

FREMCNT-SMITH: We don't know perhaps about each other.

UPTON: You mentioned some American persounnel on an island

nearby there. Are data available on relative degrees of contamination

in comparison with the ground level in these groups? [ myself am
wondering to what extent sheltering was effective under those condi-

tions.

CONARD: Well, they were certainly quite effective from the point
of view of the skin contaminaticn and the internal absorption of ma-

terials.
UPTON: And the thyroida were not particularly hot?
CONARD: We didn't 2xamine the thyroids from that point of view

originally., We didn't suspect that they would have any thyroid accu-
mulations at that point. But the American servicemen definitely had
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fewer skin lesions and lower body burdens of radionuclides. However,
their gamma exposure was probably more in line with what you would
expect from the amount of fallout that occurred on the lsland.

UPTON: Let's assume hypothetically that one could have been able
to predict that contamination on Rongelap and to send warning to the
natives there.

In absence of a shelter, could they have done anything
under the circumstances?

CONARD: [ can't see how they could have done anything to avoid
the whole-body gamma exposure.

EISENBUD: They could have gone to sea in their canoces.

CONARD: They don't have enough boats to get the population to
sea,

EISENBUD: Even if they stood in the lagoon for several hours,
this would help.

DONALDSON: Yes.

DUNHAM: They came back and walked in jt and got it on the backs
of their feet and got the skin burns.

They would have to stay there
until they were removed.

EISENBUD: You would cut down the external gamima dose con-
siderably by just going out in those outriggers.

CONARD: What are you going to tell them on the radio, "Everybody
g0 out in the lagoon and stay there?'" Or what?

FREMONT-SMITH: Exactly. "Eat fish."

EISENBUD:

I don't think you could do it without advance preparation.
But to answer Art's question, [ think there are things that could be done.

CONARD: You mean with some advance planning.

EISENBUD: Yes.

CONARD: I thought he meant under the circumstances as they
existed in the village then.

If we had contact with them, is there any-
thing that we could have told them to do to protect themselves, ls
that what you mean?
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Figure 23. Scale mop of the United Stutes superimposed over crea of

major test sites in the Pacific Ocean. From L. Donaldson.
atolls before the Pacific tests were initiated. I recall that the geolo-
gists in the group were convinced that the coral was a cap, and in
some of the lectures on the Haven that were held zader Dr, Warren's
supervision, we were told that the coral was about 180 fcet thick.
This was supposed to be so because during the ice age the water had
receded to about that level, thus the coral could only grow in ths
upper warm layer of water. Therefore, there would be just a little
cap of coral. Many discussions were held as to the possibility of
blowing this cap off the top of the mountain on which the coral was
superirnposed.

SR ~

These discussions went round and round, Dr. Warren, you recall,
during the voyage of the Haven out to the test ground and we listened
very intently. In subsequent expeditions to the Marshalls it was
possible to drill in the atolls to actually determine the thickness of
the coral. During the 1747 expedition particularly, the drilling was
geared to go down as much as possinly 1,000 feet into the base. Each
raorning when the assembled group would go out to drill we would ask
them how they vere coming.

"When you're down to 100 feet you ought to be striking base rock
the next day."
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"Yes. "

~ "Then we'll be able to tell how old the earth is because geology is
exact science, " :

FREMONT-SMITH: You remember [ mentioned the hal(-life'.of
facts is getting shorter and shorter. I'm glad to have it illustrated.

DONALDSON: The next day they might be down 200 feet, 300 feet,
400 feet, 800 feet, 300 feet, and they were quite convinced they were
in a hole and they had to change their estimation of the thickness of
the coral, which meant they had to revise their estimate of the age
of the earth, and in turn their concept of how the moon was formed.

FREMONT-SMITH: And that includes the tides,

DONALDSON: Yes! [Laughter] And this went on until they finally
reached a fantastic depth of about 1,200 feet and they still hadn't
found vut how old the earth was or how thick the coral cap might be.-
By this time we were running out of food and liquor, which worried
everybody because the supply planes were just bringing mud to grease
this hole they were drilling down into the atoll. :

The following year the geologists moved over to Eniwetok and be-
gan to drill there. They drilled down to a total of some 4,300 feet

"before they came to the basal strata on which the coral was anchored.

FREMONT-SMITH: They did find it there?

DONAILDSON: Yes, They actually found that tﬁere was a bottom
to this boundless pile of calcium carbonate.

The illustration, I hope, is not wasted. But it's indicative of some
of the needs to know-in the natairal environment in which we are work-
ing. The seas and the atolle within the seas are so imperfectly known

'that we sometimes find great gaps in our thinking because we don't

have the physical and biological parameters upon which to tase our
work. It's like the statement of the senior Senator from our State
who repeatedly has said that we know a great deal more about the
back side of the moon than we do about the oceans that cover 72 per-
cent of the carth's surface. With this as background, maybe we can
be a bit more specific in the things that we arc going to be talking '
about.
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The tests were conducted, as I mentioned, at these various atolls
and we may take a quick look, starting in 1946—not in 1947, as in the
statement in the first volume. Figure 24 is a photograph of Eniwetok.

. The atolls were selected, according to the Task Force reports,
because they presented an ideal environment in which to work., They
were isolated, they were in relatively favorable weather areas, and
they did provide a safe anchorage for the fleet; probably equally as
important, there were a number of outposts were instruments could

be based.

As far as those of us who were inierested in the eavironmental
sciences were concerned, the atolls were ideal becausc they did pro-
Each of these

tiny islets has a peculiar environment quite its own, just as the en-

tire atoll has its peculiar type of environment,

‘"he emergent land area, about three square miles in each of the
atolls, is divided up into some 20 small izlands in each atoll. The
land plants are limited to those forms that can survive in a tropical
environment subjected to wide variations in temperature and salinity.

K e

Figure 24. Photogroph of portion of outer reef ot Eniwetok Atolf, the
site of numerous weopons tests. From L. Donaldson.

-— .
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The land animals are limited to one group of mammals, three species
of rats which were introduced apparently at the time the native people
came to the atolls, The birds are limited to the se aquatic birds that
can flv long distances, '

In contrast, the marine fauna and flora are extremely diverse,
There are about 700 species of {ish, compared to the 50 to 70 species
in Puget Sound, where Il work in my normal activity. The same is
true with the algal groups, found in great diversity, Then there are
the corals, which are something unique to this part of the world.

UPTON: To what extent do you think the limit in number of species
in Puget Sound may have resulted from the effects ol man on that basin?

DONALDSON: These are forms that were native there, We have
introduced some forms., There are no species that have becn exter-
minated in Puget Sound, All of the native forms are there.

Added to the complexity of the environment and the great dis-
tances, we have the problem of a great diversity of energy releases
from the different types of nuclear devices, Just to review quickly,
there have been 59 detonations at this test site; they varied in size
from the normal device we've talked about, some 2,000 tons of TNT,
onupto 11, 12 megatons, according to one statement. This was the
March 1st test of 1954. '

These devices have varied from rather primitive ones by present
standards to some sophisticated ones up through the 1958 tests. They
were detonated under a great varicty of conditions, and this is ger-
mane to the subject we're discussing, from under water to high in
the skies, from-tower tests to tests on barges anchored in the water,
This means chat the fission products varied not only in quantity, and
somewhat in composition, but also that the induced radiation varied
fantastically in both quantity and composition. Thus, the numbers
and amounts of radionuuclides introduced into the environment run
almost the entire gamut of poassibility,

To try to cvaluate in this weird and wonderful environment the.
‘impact of the detonations upon the biota presented a formidable task
that would stretch the imagination, I guess, of most of us; at least
it stretched ours.
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We tried to determine—~and ['ll enumerate these studies rather
quickly and then get on with the discussion aspects—the amounts and
kinds of radioactivity released into the environment. Obviously this
is important, but I would call your attention to the primitive nature
of the instruments and of the evaluation techniques that were avail-
able, particularly during the early years., We are inclined to think
in terms of what's available today rather than what was available in
the hectic years of 1943 tc 1946, and even in subsequent years as we’
went along. [ recall that we borrowed a scaler, an old Victoreen
scaler, from some of Dr. Warren's people and we would cut off a
piece of fish tiasue or some pieces of algae and push this material
in the counter., If it went off scale we would say, "Well, therec must
be some radiation there. Throw it away and push in the next one. "
it was esscntially a presence or absence situation in many instances,
There way either some radiation or there wasn't. [ will have to qual-
ify my statement as to the determination of the amounts and kinds of
radiocactivity, which came somewhat later, '

We were particularly interested in the uptake of radiocactivity by
bioclogical systems and this again was 2¢pendent upon good instru-
mentation, which, as [ have said, wasn't avaiiable during the carly
years. We were interested in the amounts and kinds of radiation
within various systems, the selectivity and the concentration. This
becomes germane when we begin to talk about permissible levels.
Some of the algal groups will take out one radionuclide; for example,
one will pick out iodine and concentrate it in the order of mayganitude
of 18,000 times the amount 'in the surrounding water (Reference 37},
These blotting techniques then are very important to the overall eval-
uation because this alga is eaten by some of the fishes and the fishes
in turr. then will contain the iodine. | The most specific radiation dam-
age that has been measured directly is the destruction of the thyroid
in some of the algav-eating fishes, ‘

DUNHAM: May I interrupt and ask you wha't kind of stable content
this does have normally?

DONALDSON: In Asp_a_ragogsis, iodine constitutes 0. 092 percent
of tha dry matter. : . :

DUNHAM: Does it have a high iodine requirerﬁent for survival?

DONALDSON: I don't know the physiology of it.
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DUNHAM: When you say it concentrates, you mean compared to
the concentration of radiciodine in the water?

DONALDSON: Yes. The total activity of the water was 24,000
d/m/g, and the activity from the 1131 in the algae was 30,000,000
d/m/g.

UPTON: Rapid iodine turnover in this organism?

DONALDSO.N: I rather doubt it, I think it probably is maintained
at a relatively high leval and the limiting factor may be the amount
of iodine available to it,

UPTON: Is it a rapidly growing plant?
DONALDSON: Yes. It grows rapidly.
UPTON: So that it's building new cells and building in new iodine.

DONALDSON: Yes. Ithink the specific concentrations are really
germane to this sort of discussion because we base our intecpreta-
tiorz on the familiar and forget that in nature there is a wide variety
of uptake,

We werc also interested in the rate of transfer and elimination.
In the discussion yeaterday, Dr. Warren mentioned the radioactivity
on the sides of the ships, but if you recall, these ships were alwavs
upwind from the Jetonation. Thus the question would be, "How did
the radionuclides, which would normally drift downwind, work their
way upwind and becorme concentrated in the water around the ships,
to be accumulated by the organisms on the sides of the ships? ™

Of interest, too, was the dispersal in the open ocean. One of the
intriguing things was the "breathing' of the atoll, It appears to pulse
with the tide. Of course, it is the nature of an atoll to be constantly
leaching material out to the open sea. There are other interesting
transfers that we will be talking about, I hope, as we go along.

The usual transfer in our terrestrial areas is from the land to the
sea, but in these atolls there is a very appreciable transfer, which
takes place in a variety of ways, from the sca back to the land or the
limited land area. Radionuclides are transformed by spray into the
vegetation, and we find that this is a positive transfer. This occurred

k4
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ir: Japan to some extent, as those of you who followed the movement
up on to the terrestrial area there can verify.

In the atolls, the more specific ocean-to~shore transfer of radio-
activity is carried on by aquatic birds. This is a complicated thing
to evaluate, because the birds carry back on shore nuclides select-
ively concentrated in the food web in the sea. This added group of
nuclides is often very different in percentage compositicn as corapared
to the components in the original fallout on the land,

Then, I suppose, most specifically we are all irterested in the
amounts and kinds of radionuclides concentrated by the various tis-
sues and organs. In making cvaluations, we arc always hard-pr-ssed
to sort out the different parameters that are involved. We have the
overlay of the cffects of blast and fire with radiation intermingled,
especially in the closed-in areas. If [ may, [ should like to use an
tllustration or two to point this out,

Figure 24 ia one of my favorite photographs. It was made under
rather unusual circumstances, since we do not rate sufficiently high
on the Tark Group priority list to have the luxury of a photographic
planc. We do travel occasionally—ve did in "¢ early days—by the
older PBYa, Those of you who remember those old flying boats know
that they usuaily didn't have the uauzl facilities found on a modern
plane but they did have a place in the back called an air-{lush toilet,
By (lipping up the lid of this fixture you had a place to take a photo-
‘graph! [Laughter] This may be a bit unusual.

Figure 25 is an illustration of the type of plan that inight Ye vsed
to document some of the things I've been talking about, We, like the
rest of you, tried to be very exact in our planning. We planned very
carefully to docur.ent the distributiun of radionuclides in this great
mass of moving water and drew a navigational plan. In order to ac-
complish this objective we had to occupy various stationa in some
logical sequence, so [ drew these plots to guide us. We started at
the point near A, A-1, and we made zigzags on the track, cutting
back and forth and finishing up some weeks later at a point E-10,
Ever-thing is nicely in order now. Figure 26 illustrates the way it
eventuated' [Laughter] We started, we went along very well and
were going pretty much on course, except that'the problem of doing
oceanographic work from a destroyer presents its own problems.
When we first started out we asked the skipper, in this case, of the
Walton to let us go 50 miles this way and then stop. "Stop? 1don't

e
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know how to stop. I've never stopped this ship in the sea. What will
happen if [ lie there? [Laughter] You can't put this group of wire lines
and rope lines over the side. You may get them caught up in the pro-
peller if we stop.' But he decided to stop. Then afterward we drifted
awhile and lost course completely.

This problem of navigation really surprised me out there, Bob,
you have lived with it for years, but it's so much better now than it

was in the early days,

In 1948 when we were out there all by ourselves, we had one little
ship that had no way of producing potable water. The Navy would very
helpfully send us a ship every four weeks with a new supply of water,
On the back of the little supply ship was a small box-like compartment
in which 6 Marshallese boys lived, I asked the skipper of this ship,
"Why do you have these Marshallese boys in this compartment on the
back of the ship? " Actually it was a little cover on deck where they
lived. He said, "Those are my navigators!" [Laughter]

"You have all the modern equipment. "

"Oh, we have a compass and the sextant and the usual things, "
he replied, "but we don't have radar or any sophisticated equipment
on this little ship. [ couldn't get along without these boys to do the

navigating."
CONARD: Did they stick maps?
DONALDSON: No, they just vsed their own intuition in this case.

FREMONT-SMITH: And their ears.

DONALDSON: Yes, tneir ears and their eyes and their built-in
compasses. The story that he told seemed perfectly fantastic, so
fantastic that it's worth repeating because it's incredible, as Wright

was saying yesterday.

It seems that when this skipper first arrived to take this command,
he was asked to take the ship frem Kwajalein to Wotje Atoll. Wotje
is 200 miles east of Kwajalein. Some of you who were out there in
the war remember it was the place where they used to have the "milk
run.' They would go out and bomb it every day. So he set out for
Wotje, His executive officer also was new; they plotted their course
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—just two officers aboard this little boat—and when they arrived just .
where they thought they should be, they saw only the great big Pacific
Ocean, Theyloockedaround and talked to the sailors awhile; the sai-
lors were very reserved, of course, as sailors would be. This was
the new Exec and the new Skipper and.they didn't want to commit
themselves. So they said, '""Well, we'd better plot it again." They
plotted again and they came out with this point and they were still in
the big Pacific Ocean. In all fairness to them, atolls are very diffi-
cult to spot. They emerge only a few feet. Atolls of about eight feet
with palm trees, mixed in the haze and the waves, are very difficult to
spot. So they couldn't see it. They weren't close enough. Firally
one of the sailors said, "I suggest you ask the Marshallese boys. "
Whereupon the skipper said, "I'm a graduate of Annapolis; I know
how to navigate a ship, "' and his back went up. But finally in desper-
ation he said to the boys, "Well, do you fellows know where Wotje is? "
Their reponse is typical of their behavior, never a direct response.
"We'll think about it for a while."” This is a lesson some of the rest
of us might learn. Rather than blurt out a quxck reply, "Why, let's
think about it for a moment. " -

So they had a little huddle; they walked around the edge of the ship;
they looked in the water; they looked off at the sky; they had another
consultation and they said "Wotje that way" (indicating). This was a
great help. At least the skipper knew the direction to go! [Laughter]
He thought maybe since these boys were so damaed smart, he could
ask them another question, '"How far is it to Wotje? ' Another con-
sultation, another walk around the ship and another huddle, 2nd "Wotje
40 more miles, " ' '

"“Well, we're lost. We might as well try this." He commanded,
"Sail that way 40 miles.' They later arrived in the harbor of Wotje
and dropped anchor and everything was lovely, The skipper began to
think about this. He gathered the boys together again and said, "How
did you know where Wot_]e was? "

"Oh!" This was a very serious problem.  Another huddle, and
another bit of discussion and then the great announcement: 'Wotje
always right here!" [Laughter]

FREMONT-SMITH: I think [ have to give another aspect of this
same story because as I was coming back from 2ikini I was on a plane
with a Navy captain who told me a very similar story.
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They were in the fog trying to get into the entrance to an atoll—1I've
forgotten which one, it may have been Kwajelein but I don't think so.
They had a native on the bridge and the native said to the skipper, "1
think you've gone past the entrance.'" The skipper turned to the navi-
gator, who said, '"No.'" They tried to get in and found they were up
against the sand, They went on and came back again, and then the
native told them just where the entrance was. They went in at that
point ard he was right. The captain said to the native, 'How did you
know? " "I-could tell by the sound of the waves, ' was the response
of the native. You probably know that the winds provide waves that
hit the atoll which then produce a backwash that flows out from the
atoll. This activity makes a perfectly steady lap, lap, lap on the side
of the ship. When you come to the break where the entrance is, there
is a shift in the sound because the waves differ. The captain told me
that this was so fascinating to him that the next day he flew over the
atoll, and, by jingo, you could see these waves flowing out in circles
and the break in the waves at the point of the entrance. Does this fit
in with your experience?

DONALDSON: Yes.

FREMONT-SMITH: But I like your story better! [Laughter] "It's
always right here' is the best thing I've ever heard.

DCONALDSON: Let's have a look at a few illustrations.

Figure 27 is the Oak Shot. In the detonation, of course, we have
some blast, some fire and some radiation, The meteorologists always
are exact in determining the way the fallout is going to go. Sometimes
they are right. It will leave a trail across the lagoon or in the sea,

. which one may or inay not be able to [ind,

A detonation on the islets will produce a variety of effects. It wiil
knock scme palm trees over {Figure 28), break them off, and you can
say, ""Yes, the blast pressure was such.' fHere you can make a direct
measurement of the amount of blast it takes to fell a palm tree. It's
an appreciable amount of energy. Palm trees are made to resist winds.
of almost hurricane force, :

It takes a certain amount of thermal energy to burn the leaves (Fig-
ure 29), One can make some exact compilations here of the amount
of thermal energy that was produced at x number of miles., You can
make this measurement directly.
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Figure 27. Atomic explosion, £
From L. Donaldson.

e
e
sy R

(4

. ¥ ‘3&? # ,’ o R
Figure 28. Blast damage to vegetation at Rig
Atoll. From L. Donaldson.
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Figure 29. Thermal domage to vegetation at Rigili Island,
' _ Eniwetok Atoll.” From L. Donaldson.

Then there are the effects on the animal populations. It's possible
to make some measurements on the aquatic birds, which were flying

around apparently unharmed (Figure 30).
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Figure 30. Bird flight o
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From L. Doncldson.

got to take off when the rest of

k at him. He didn't fly very well
ticular problem. Figure 33
i.e., looking away from the

This little fellow (Figure 31) for
them did. Figure 32 ‘s a closer loo
and it was obvious t' .t he had scme par
shows that he was pointed the right way,



s

SESSION IV 187

blast. However, his tail feathers were singed and some of the pri-
mary wing feathers were burned. He's in about the same shape, and
has the same problem, as a ship without a rudder.
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Figure 31. Injured bird on beach ot Rigili Islond Emwetok Atoll.
From L. Donaldson.

Figure 32. Catching injured blrd on beach, Rigili Island, . Eniwetok
Atoll. From L. Donaldson.
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Flgure 33. Noddy tern with burned wing and tail feothers, Rigili
Island, Eniwetok Atoll. From L. Donaldson.
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We returned the day after these photographs were taken., There
were numbers f dead birds on the beach (Figure 34). The logical
assumption, I suppose, that one would make is that these birds must
have died from radiation damage. They were all right the day before,
at least they were alive. Thus, we assume that they died from radia-
tion damage. We took a look, examining them very ~losely, We tried
to measure various things, do the best autopsy possible at the time,
but we could find little or no radiation effects. So why did they die?
This is the question we had to try to answer,

Figure 34. Dead terns on sandspH following atomic blasts, Rigili
fsland, Eniwetok Atoli. From L. Donaldson.

In our report we would just say they died of radiation, but we had
to draw upon a little more background, the natural history of these
animals. We have to realize that there's no water on the island for
them to drink. If there's no water on the island they get their mois-
ture from their food, their food being the fish in the sea. The salin-

- ity of the fish in the sea is the same as yours and mine, or about
75/100 of 1 percent. The birds are able to maintain their moisture
balance if they can feed. If not, they may dic from desiccation.

CONARD: Did those birds die in one day?

DONALDSON: Yes. These pictures were made on subsequent days.
CONARD: It seems as if it's a pretty quick death.

DONALDSON: But it's terribly hot.

FREMONT-SMITH: They dried out fast.
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DUNHAM: Did you decide these died from desiccation or from
thermal burns? I wasn't clear what your conclusion was.,

DONALDSON: Desiccation, because the burns weren't serious |
enough to cause death,

UPTON: But the burns prevented them from feeding,
DONALDSON: Yes, it's the cause and effect relationship.

UPTON: They couldn't eat and therefore they couldn't maintain
their food balance.

ROOT: This was obvious in the autopsy, too?

CONARD: Could this have been anorexia from radiation, loss of
appetite, so that they didn't want to eat any fish? ‘

BRUES: This is the old problem that plagues the puthologls's and
the epxdemxologxsts. What is the cause of death’

DONALDSON: That's right.
" FREMONT-SMITH: Multiple causality enters into it.

DONALDSON: Surely. Multiple causes that complicate this, of
course, the real differences that we have to come to grips thh now
involve the . . .

AYRES: May I interrupt for a second? Did you see auy signs of
birds whose tail feathers or wing feathers were lost later on because
of beta burns’

DONALDSON: No, we did not,.

CONARD: The feathers would protect the skin from beta burns.

AYRES: I'm just wondering whether the feachers themselves might
have been burnt? '

DONALDSON: The dead birds in the previots illustration had re-
ceived thermal burns to the feathers extensive enough to prevent
their flying and obtaining food and water,
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TAYLOR: Didn't some of the birds, because of exposure to the
thermal radiation, lose their ability to shed water so that they couldn't
swim?

DONALDSON: Yes.

TAYLOR: Are these birds that norrally would fish by landing in
the water and then diving?

DONALDSON: They sixﬁply pick the fish off close to the surface,
they don't dive.

The other major problem onc might call attention to at this point is
that we arce dealing with two environments really, The birds live in
both, but the other animals live essentially in either the terrestrial
or the aquatic environment. The obvious situation that existed is that
while there was a stratification of the fallout on the land, there was
a three-dimensional distribution of radionuclides in the sea. In the
terrestrial arca the fallout radionuclides-are available to the biota
most specificaily if theyare in a soluble form. In this {orm they are
picked up by the plants and enter the food chain of the animals that
fecd upon the plants, '

Figure 35 is a partial illustration of the sort of fractionation that
takes place in the land arca. All of this spectrum of radionuclides,
of course, is available on the land from faliout. This chart is for
Rongelap Atoll which, in 1961, contained in its soil the radionuclides
listed at the tap of the figure. The plants picked up only {our cut of
this complex and of those four the rats concentrated two: strontium990
and cesiuml37, The fish, on the other hand, picked up manganese5S+,
cobaltéO, and zinc®5. We might add to this spectrum iron55 and co-
balt 60, which were the two dominant radionuclides in the open sea.

To make a sweeping statement of generality, the land animals ard
plants concentrated nuclides in the soluble form, while those in the
sca concentrated nuclides in particulate form. Since the induced
radionuclides of cobalt and iron are in particulate form, although
finely divided, they enter through the food web more dominantly than

_do the soluble forms, which are distributed throughout the water.

Then we might comment on the competition that exists in the sea,
which is completely different from that on land, for on land there arc
nutritional deficiencies, particularly in minerals, that, for the most
part, do not occur in the sea,
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as determined by a survey in 1966. From L. Donaldson.
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There could be a stray atom or two of cesium and strontium in the
sea; we can't get excited at all about it, since it's not in the food chain.
So, when we have this great nuclear war, I'm going to run out and
catch myself a fish and eat it and feel quite sure that my food supply
isn't in jeopardy. :

In terrestrial areas there's very liitle chance for revegetation or
regrowth if the soil is burned away and the seeds destroyed (Figure 36),
The entire fauna and flora, one would assume, in this place could not
be re-established,

- Figure 37 is a photograph of an area where the soil has not been
burned nor removed. You see a soil core wherc most of the organic
material was in the upper tnch. On the right is a radicautograph
showing the concentration of the radionuclides in this material,

There is a different accumulation of radionuclides depending on
the zone of feeding of the plants, as in the zone of {eeding of the ani-
mals. Plaats with ghallow fceding roots (Figure 38) have a better
chance to pick up the soluble forms and incorporate them in their
tissues than do those plancs that root deeper, lite the coconut, for
example, They feed deeper in the substratum and do not accumulate
the radionuclides available to them in the soluble form,

The distribution in the sea {Figure 39) presents a constantly shift-
ing pattern that changes with the seasons, with time, and, of course,
with the currents, It changes from hour to hour or at least from day
to day,

The radionuclides in .b: sea are incorporated in the lower strata
first, since they are taken up by the smalil biota and then by other,

- larger organisms up the food chain. Many of these organisms are

in the deeper layers during the day and migrate to the surface at
night. Thus, there is a vertical diurial migration as well as a con-
stant shift, depending on the direction of the prevailing currents.
AYRES: 1s that deep water?
DONALDSON: It's surface water,

AYRES: Diurnal irrigation doesn't normally extend into shallow
water, does it?
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Figure 36. View of islet neoar a test site, Eniwetok Atoll.
From L. Donaldson.

~

Figure 37. Photograph and rodicautograph of soil showing corres=
pondence of radicactive portions of organic motter.
From L. Donaldson. '
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Figure 38. Photograph and radioautograph of
. with radiocactivity in the outer, growing layers. From
L. Donaldson.
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Figure 39. Radioactivity of plankton in thousands of disintegrations
per minute per gram following atomic tests at Bikini and
"Eniwetok Atolls. From L. Donaldson.

DONALDSON: Whenl refer to shallow water 1m.ean the water in
.. the mixing layer, which, in this area, is about 600 feet. The deep
water lies below this mixing layer.

'DUNHAM: You don't mean shore water?

DONALDSON: No, I mean open occan water.

WYCKOFF: What are the units for the numbers? v

DONALDSON: They are contour 1mes of radicactivity in the plank-
ton in thousands of disintegrations per minute per gram, These are
the plankton that move up and down. They were collected through the
euntire mixing layer. This chart shows the distribution in the sea in

the vicinity of the Bikini and Eniwetok test sites.

UPTON: How long after detonation were these measurements
made? ' '

DONALDSON: The plankton samples were coli-cted June 11 to 21,
1956, during the testing period. ’
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BUSTAD: But in spite of these high levels the only damage that
was observed in the fish irom the radionuclides was in the thyroisd,
wasn't it?

DONALDSON: Yes,

BUSTAD: Now, do you have any later ‘results than that of Gorbman
(Reference 38)? [ think you lined him up to come out and study these
and he did describe pretty serious thyroid damage in some of these
fish.

DONALDSON: Yes.

BUSTAD: Have you run across any fish in later times in your
collections that might have manifested thyroid neoplasms, say?

DONALDSON: I think so,

BUSTAD: Because the stage was set for it, sort of.
DONALDSON: Yes, the stage was set.

BUSTAD: Or couldn't they compete? [s that it?

DONALDSON: We have looked diligeutly over the ycars but we
haven't actually seen or found fish that we could say were specifically
killed by thyroid damage or damage from radioactivity to otner or-
gans or tissues. There's a complex situation here as far as the fish
are concerned. No matter what the radiation levels are, no matter

what the peripheral problems are, the 'cleanup squad’” moves in al-
" most immediately and removes the incapacitated fish. This means
that a fish that is just slightly weakened or disabled is removed
within minutes, at least within an hour or so. Sharks move in and
scavenge these places with great regularity. If it isn't the sharks,
then it's somc of the other predaceous forms, Thus, one's chance
of actually finding or seeing a fish or an aquatic animal that has radi-
ation damage would be very remote.

AYRES: Are there any top carnivora rthat might survive, like
sharks themselves, even if they are somewhat damaged?

BUSTAD: The problem there, as far as radioiodine goes, is that
they show the lowest concentration. They're not really getting very
much radiciodine compared to herbivorous animals,
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WARREN: Per body mass,

AYRES: You mean the concentration phenomenon doesn't extend
right up to the top?

WARREN: What he's saying is that there isn't very much of tne
radioiodine ingested with any one {ish because the thyroid is so small
in terms of the body mass of the shark. :

AYRES: 50 peak concentration is found in the lower forms then?

BUSTAD: That's right, and the radioiodine may destroy the thy-
roid or severely damage it and by then there will be no radioiodine
left. It leaves the thyroid due to physical decay aad biological wrnover.

DONALDSON: There's another difference. The physiology of the
shark is quite different from that of the bony fishes,

BUSTAD: But we have to admit, I think, that many of those fish
that Gorbman picked up down there relatively early manifested severe
thyroid damage but were probably not compromised {rom the stand-
point of your cleanup squad. [ mean he got there before they were
appropriate subjects for the cleanup squad.

AYRES: Are there any turtles in thé area?

DONALDSON: Turtles are not gregarious animals. They just
don't like to have pcople around. They are there, true, but when the
4,000 or 5,000 members of the test group descend on the place, the

turtles go elscwhere.

The turtles are back at Bikini now that the test group has departed.
I hope we car—if the Chairman will allow us to—take a look at a film

showing how the place looks now.

WARREN: I think we've left a little dangling in the discussion,
You said the plankton have a diurnal change in depth, whatever their
. location. Does it occur in the atolls where the depths may be 200 or
250 feet or thereabout, as well as in the open ocean? The shallow
waters vou mentioned were meant to be the shallows, weren't they,

at depths of 15, 20, 30 feet?
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DONALDSON: In the lagoons of the atolls the plankton comes up
on the shore at night. It's carried in the surface layers. The waves
bring it up on the ~hore.

WARREN: And the circulation of the water in the atoll is-down-
wind on the surface and when it reaches the other side then there's
a return by the deeper currents, with considerable upwelling of
cooler water on the upwind side. This is the deep circulation that

you mentionec,
DONALDSON: In part.

WARREN: In part it leaks out into the ocean on the other side,
too. .

DUNHAM: How deep is an atoll?

DONALDSON: Most atolls are from 180 to 200 faet decp. Ina

. living atoll, this seems to be about the growth limit. They grow into -

the wind, toward the east, since the prevéiling winds are from the
east. : ‘

CONARD: But youv get a lot of coral heads, don't you?

"DONALDSON: Yes, there are localized ones. 3But the coral heads
are so spaced that they get food ws it comes in with the currents.

ROOT: Was the species of algae you mennoned a heavy purple
seaweed with a strong iodine taste?

DONALDSON: Yes. I'm hesitant because there are so many algae.
If I recall correctly, there are some 170 species at Bikini alone.
Many of them are various shades of purple and red. i

ROOT: These would be the high iodine concertrators? .

DONALDSON: Yes, with'h this whole group of algae some species
accumulate radionuclides much more specifically than others, and
because of this lack of uniformity of soacentration, I think we must
guard against making a definitive statément. We cannot say all algae
do this, all fish do that, or that all corals and plants do such and such.
It's self-defeating to do this sort of thing, because you lose the under-
standing that can be gained by examining all uf the params=ters, '
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AYRES: You have indicated that manganese and cobalt are both
taken up preferentially in sea water, which would suggest surely that
they are unduly scarce. Isn't that the implication you draw from that,
that the requirements are greater than the supplies?

DONALDSON: Yes.

AYRES: And yet we have mangansse and cobalt nodules forming
somchow; which suggests a mystery.

DONALDSCON: Yes,

~ WARREN: 1 think there's one thing you haven't touched on which
ought to be put into the record. I think that you said, when you fin-
ished up at Bikini, that it was very fortunate that you had made prior
studies because the sport rate or the genetic change going on in this
population was much higher than had been suspected and it might have
been blamed on the radiation later if it had not been found earlier, '
Is that still your concept, that normally the genetic charge going on

in these atolls is quite high?

DONALDSON: Again it's a relative sort of thing. The change in
the biota may or may not be great. Ithink we have to go back to the
itlora, where we have definite, stationary organismas to study. I should
like to refer this question to Dr. Wolfe. After all, he is the botanist-

ecologist here,

WARREN: Well, I thought :nails particularly were demonstrating
this change.

DONALDSON: [ don't know.

BRUES: Lauren, ycu were talking about the concentration of some
of these elements in particular plants and this suggests that they are
trace elements thit are essentially cleaned out of the ocean by living
things? We see this in fresh water, If you throw a little P32 into a
pond, it all disappears into living matter. In fact, that's the major
limiting factor, I suppose, in how much will grow. Does this happen -
in the ocean or is there plenty of ali the elements to go around?

DONALDSON: I'm sure that there are plenty of elements in the
ocean, but are they available? If you suddenly make many of the
biologically cssential ones available, they are blotted up, of cearse,
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Maybe we can use the same illustration as that of the photograph of
Shot Oak (Figure 27} we presented a while ago. In this case, there
was a giant cclumnfrom this one detonation over the north region at
Eniwetok. The fallout from this shot came right across the north-
western edge of the atoll. We dubbed this one "‘the manurc spreader"
shot, for in making the reconnaissance sweeps over the atoll we saw
a brilliant green band inside the rim of the atoll., You could fly from
the clear blue waters of the lagoon over this green band, which per-
sisted for several days, and the radiation instruments immediately
would jump several orders of magnitude. It was obvious that the
detonation had converteda good dealof the calcium carbonate, to take
one element, into an oxide. The oxide had dropped in the waters to
become hydroxide. Being soluble, it was picked up in an explosion
of plant growth. There were other elements involved in this, too.

In other words, nutritive media dropped in the sea had stimulated a
very great growth of plants, in which one could find the concentrated
radionuclides responsible for the jump in radiation levels.

Or, you can carry this still further. In the early days of planning
at Hanford the cooling ponds were thermal coolers, as we originally
designed them. These sceaming vats had great masses of algae
around the edge, and they still do. The algae in turn absorbed the
radiation. At the time, there was very serious consideration given
to a plan to simply collect the plant growths and put them in a dispos-
al pit, since they blotted up the radiation very effectively.

EISENBUD: Lauren, iron-55 is an interesting nuclide. [ wonder,
have you looked for iron-55 in the fish over the atoll?

DONALDSGN: Yes.
EISENBUD: Have you found evidence of concentration?

" - DONALLCSON: Yes. In fact it was one of the most highly concen-
trated radionuclides.

EISENBUD: I would think so.

DUNHAM: My recollection from a visit to Bermuda a few years
ago is that one of the marine scientists there said that iron availabil-
ity in the waters around there was the limiting factor in perhaps the
whole food chain inasmuch as one of the key algae couldn't go farther
than the amount of iron available.
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AYRES: You mean phosphorus was not the limiting factor?
DUNHAM: Iron.

EISENBUD: We found, in studies of our own staff in the laboratory,
that some of our ladies who eat tuna fish a few times a week have blood
levels of ircn-55 thatare about ten times higher than the rest of the
staff, This led us to look at the Pacific tuna, which I think was done
indej:vndrrtly by the Hanford people, and they came to the same con-
clusion, that it was iron-55 from the fallout. '

DONALDSON: Did you see cobalt?

RISENBUD: Cotalt-60? We haven't seen it.. In vfact, it isn't there.
If it were there we would have seen it,

TAYLOR: Is there any persistent biological sign of the testing
still at Bikini or Eniwetok in the aquatic part of the environment,
either in the plants or in the fish? [ mean. if you went out there now
and didn't use radiation measuring instruments, but simply looked.
at.the plants and the fish and the birds, would you expect to be able
to tell that there had been this very intensive exposure of the area
to radiation? ) : : .

AYRES: Without radiochemical means?

TAYLOR: Without radiochemical means; just by examining the
plants and animals? ’

DONALDSON: MSy I postpone ﬁy answer until we have a look at
a film we produced during the 1964 survey of the islandg?

TAYLOR: Yes.

DON_ALDSON: I think it will be more obvious when we look at the
film, with the co-chairmen's and our host's permission, which I
would like to shcw later on, The answer is, . .

TAYLOR: I gu'esﬁ the answer is yes. -

DONALDSON: The answer is that you do not see it,

FREMONT-SMITH: The answer is no.
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DONALDSON: You do not see evidence of it.

FREMONT-SMITH: I'm glad you gave the answer because the time
to give an answer to a question is at the time it's asked and not post-
pone it, although it's nice to come back to it again later and say . . .

DONALDSON: Thank you.
WARREN: Well, on Miller tsland where the blast was , . .
DONALDSON: There's radiation, Dr. Warren.,

TAYLOR: Yes. I was thinking specificially of aquatic life because
you said in places where the surface has really been completely ster-
ilized, there has been a change, I gather, in the surface life of the
islands.

DONALDSON: Yes. There were very definite changes.

CONARD: There's some question as to whether some of the trees,
the coconut trees, and the other plants on the northern islands of
Rongelap, do not show some signs of genetic effects. There are some
two- crowned coconut trees and this sort of thing, but it's question-
able as to whether this is really a radiation effect or whether it's due
to the aridity of that part of the atoll, and it hasn't been settled.

WOLFE: Someone has done a monograph on coconut palms.
CONARD: Fosberg?

WOLFE: No, Menon et al, (Reference 39). And this double crown-
ing—he got a coconut tree in one place with 51 of these crowns and

"there hadn't been a detonation there. So this could come about maybe

with a butcher knife by cutting off the terminal bud; I don't know. It
might have been caused by radiation, but I don't think you can say so
definitely.

CONARD: Iagrce.

WARREN: Weren't there some broad stems, flat stems, in
Eniwetok?

DONALDSON: Yes.
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WARREN: So that you were wondering about the neutron effects?

DONALDSON: Well, over the years we have recorded a number of
variants from the normal, particularly among the plants. We don't
know whether this is induced somatic variation or whether it's inher-
ent. We don't see them now. They probably were unable to survive.
Of course, we do see variations. At one time Dr. St. John (Refer-
ence 40) counted as many as 23 variants on ane island. But these
have not been reproducible in the laboratory.

WOLFE: In answer to that, that flattening of the stems; that's
called fasciation, And that's not an uncommeon thing, You can find
it in all of the vascular plants if you look long enough; I've seen it
mostly in the composites and it has nothing to do with radiation, al-
though radiation might induce it,

WARREN: What is it due to, do you know?

WOLFE: It can result from insect bite or gall or sometimes
there's no obvious answer. You can't attribute it to an insect; it
may be due to some damage at the meristem, the growing tip where
you don't get the radial development and it flattens ont. [ think this
can be brought about. But it also occurs naturally.

WARREN: Would nutritional acceleration or acceleration frum
excess nutritional factors produce it?

WOLFE: [ don't know.

WARREN: I've got a cucumber plant that's about 30 feet long and
the stems show this and 1 wondered if they had been exposing the seedls
to neutrons to produce the new variety. It's a lemon variety which is
quite unusual,

FREMONT-SMITH: It was just exposed to you, 3taff; that was it!
[Laughter]

BRUES: That's the California climate!

WOLFE: I would not say radiation could not cause it but I would
also point out that it could be caused by other things,

WARREN: Three inches wide and about a half-inch thick in a cu-
cumber plant is quite large.
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MILLER: Dr. Donaldson, what is the minimum study that would
reveal in other organisms than man that the radiation had {aken place?
What is the minimum study that will reveal evidence of radiation
exposhre?

DONALDSON: I don't know the answer to that question,

CONARD: I was talking to a botanist and he thought it would be
worthwhile to study some of the pollen f{rom the coconut trees on
some of the atolls, and he thought, [ believe, by chromosomal aber-
rations that he could detect persisting radiation damage, [ would
think that this would be a fairly simple study that could be done.

MILLER: But it hasn't been.
CONARD: Maybe Schull might have something to add.

SCHULL: If memory serves me correctly, the Indians have
examined the palm trees growing in the Chavara- Needakara area of
Kerala to see whether they exhibited a higher frequency of chromeo-
somal abnormalities, presumably ascribable to the higher levels of
radiation encountered in this area. The results were somewhat am-
biguous, I believe. There are, so far as we now know, no unique
yardsticks of radiation damage of a genetic nature, and the crux of
any study becomes the demonstration of a dose dependence. If there
is no variability in doses, or the variability is so small as to pre-
clude even ordering the exposures, it is difficult, indeed, to demon-
strate a radiation effect. .

There's a Japanese observation that [ believe is relevant to the
question that Dr. Taylor asked. In 1949 or 1950—probably 1950~
Yamashita Kosuke, a geneticist at Kyoto University, undertook a
fairly extensive study in Hiroshima of the distribution of abnormal.
forms of Veronica persica, a common.garden flower. His data,
published in 1956 (Reference 41), revealed a definite correlation be-
tween the frequency of aberrant forms of this plant and distance from
ground zero, Atypical forms diminished with increasing distance
from the hypocent=r. ' ' ‘

TAYLOR: Just looking at people's gardens?

SCHULL: Essentially that, In Japan, Veronica grows along the
roadside in many areas, or did then. The aberrant forms Yamashita
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counted are found all over, of course, but he was primarily concerned
with their frequency as a function of distance from ground zero. I
would suppose that a similar study could be made at Bikini but [ won-
der whether enough is knuwn about the gradient in dose to permit one
to make a fairly strong statement, either affirmatively or negatively,
in the presence or absence of a cline of aberrant forms.

CONARD: You would have quite a gradient on Rongelap, 2,300 rads
on the north island as compared to 265 on the southern islands. That's
quite a gradient,

UPTON: But in point of fact no measurements of this kind have
been made to date?

CONARD: So far as I know, thev haven't.

EISENBUD: These are not high doses compared to what can be
obtained in these areas of natural radioactivity, For example, in
Brazil the ambient levels from external radiation are about 3 mr
per hour downwards to normal levels, and this is abnut 12 r per year.
So, in 100 years you have 1,200 rads, Presumably some of those
forms have been there much longer. And then if you superimpose
on that the dose from the internal, which is, incidentally, very hard
to calculate because they are alpha-betas and the location and rela-
.tion to the genetic material hasn't been worked out yet, the internal
dose is presumably much higher, sc that [ think that there are prob-
ably situations in nature where this kind of a situation could te ob-
tained if one wanted to.

TAYLOR: It just occurred to me that there's a mass of data sit-
ting there at Rongelap waiting to be gathered and looked at.

FREMONT-SMITH: We'll have to plant sume cosmos in there.

TAYLOR: No. Just observe what's there, as long as the dose
levels are reasonably well known, but I'm not sure from the conversa-
tion whether or not they are really well known, Do people agree that
the dose levels at Rongelap have been known within a factor of, say,
one-and-a-half, in the total dose? .

CONARD: I would think so; judging from the dose calculations
and the hematological responses of ihe people, we're rot too far off.



SESSION IV o 205

EISENBUD: One problem that's cropped up in Brazil which hasn't
been solved and that might be pertinent here is the fact that it's hard
to tell where these chromosomal aberrations come from. You take a
sample of a plant and it's easy to calculate the somatic dose because
presumably th> piant has been therc for its life. But what the dose
is at the genotype of that plant is very hard to calculate because it
goes back presumably many thousands of years, and maybe this plant
came from a seed which was dropped by a bird two months ago and
picked up ten miles away. | suppose to some extent this would be
true in Rongelap where your coconuts tend to drift around. [don't
know what tine mean distance traversed by a cosmos pollen is, but
this would even have to be considered in Hiroshima. In Hiroshima
it certainly must be a large distance in relation to the radiation gra-
dient in Hiroshima over a 10-year period,

WARREN: Looking at acrial photographs of this Brazil site, though,
you don't see any change in the foliage when you come over the rolling
country up to the edge of this, ’ '

EISENBUD: There are differences in the radioactivity partly due
to the fact that there are also chemical changes associated with the
mountains, which in turn give rise to the fact that it's radioactive,
These chemical changes presumably are important. This is another
factor that has to be considered. '

" WARREN: Is that a volcanic cone or this . . .

EISENBUD: It's a volcaaic cane with an alkaline intrusion in the
center. The alkaline intrusion is where the main radioactivity is
about a couple of kilometers across, about 300 meters high, above. .. .

WOLFE: Is it active?

EXSENBUD: It was many, many thousands of years ago but not in
historic times. This was a major volcanic eruption. The cone is
about 50 kilometers in diameter. Within the center of it is an alka-
line intrusion which is just a -knob which brought up a lot of rare .
earth minerals associated with thorium. This is a few kilometers
across and is where the work is going on.

WOLFE: I haven't seen it.

WARREN: I've only read about it.. You don’t run sheep on this be-
cause there's no grass or not enough foliage?

| e s
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EISENBUD: No, that's not so. In fact, the cows graze on it; it's

‘part of a grazing land, and there's enough grase on it,

WARREN: Very interesting.

DONALDSON: We've purposely omitted one of the prime areas of
interest in the overall environraent, and Bob has some data which
we mizht bring in now, with your permission, on the whole-body bur-
den of the Rongelap people. )

CONARD: In yesterday's session I mentioned that after about six
mouths, the urinary excretion of radionuclides of the Rongelap people
dropped down to barely detectable levels, and by the time they were
moving back to Rongelap we couldn't tell the difference between the
body burden of unexposed people and exposed people. As soon as
they got back to Rongelap, however, there was a rather sudden and
marked increase in their body burden because of the residual con.
tamination on the island. This came about primarily through eating
pandanus and to a lesser extent from the coccnut, and strangely
enough the zinc-65 came from eating fish. As Lauren pointed out,
fish was one of the mainstays in their diet, We were later able to
get a whole bodv counter out to Rongelap to measure their body bur-
dens. The first one was a big monster that weighed about 21 tons,
and it was a real endeavor to get that thing out on Raongelap Island,
We have recently been using a ''shadow- shield" type of whole body
counter consisting of lead bricks. Figure 40 is a photograph of one.

%ﬁ
Figure 40. Shadow=-shield whole-body counter (gamma
spectroscopy). From R. Conard.

o —
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UPTOMN: Were the fish levels higher in the Rongelap area than in
the area to which the natives had been evacuated?

DONALDSON: Yes. There was no fallout down at Majuro,

CONARD: They were in a relatively clean area. They were down
at Majuro, 400 miles to the south,

UPTON: The fish then continued to be more active in the Ronge-
lap area over the passage of years?

CONARD: Right. That was a 3-year period up until their return,
UPTON: Yes.

CONARD: And the fish were still quite active with zinc-65.
UPTON: These are marine fish?

CONARD: Yes.

DONALDSON: There's no fresh water.

UPTON: The lagoon is a marine lagoon?

CONARD: Yes. It's salt water. |

FREMONT-SMITH: These are fish that stay in the lagoon. They
were not going in and out of the ocean?

DONALDSON: Both populations exist there. The people eat the
fish that live in the lagoon and also tuna fish and other open-ocean

types of fish,

FREMONT-SMITH: Which were the ones that were pr/imarilg}
responsible for the increased body burden, do you know?

CONARD: I really don't. They ate all kinds of fish.

FREMONT-SMITH: [ mecan do you presume that the ocean fish in
that area still carried the heavy. . .

CONARD: Lauren, it was probably lagoon fish, wasn't it?
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DONALDSON: The ocean fish are essentially carnivores, and the
lagoon fish are herbivcres. You immediately fractionate on this basis
alone, that is, the food chain is different. As you move up the food
chain to the carnivores the radioactivity is less. :

FREMONT-SMITH: So it was the herbivore that was responsible.
DONALDSON: The herbivores are obviously the best concentrators.

CONARD: Figurce 41 is a spectrograph of what you get from the
whole-body count, showing the comparisun of the count in 1957 before,
and in 1959 after, moving back to Rongelap. In March 1958, shortly
after they had come back, they showed an increase, the first peak
being cesium-137 and the second peak zinc-65. We carried out these
whole-body counts over the years since they've been back on the
island and [ can now review very briefly what's happened in the way
of the body burden of these isotopes. :

Figure 42 is a histogram which shows the changes over the years.
The first 1954 data there show the higher levels, of course, connected
with the initial contamination, and then up until 1957 their body burdens
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reduced practically to zero. You see or their return to Rongelap,
the increase in cesium and zinc. Strontium-90 also began to appear,
and this had to be detected not by whole-body counting but by radio-
chemical analyses of the urine.

The levels reached a peak about 1961 or so and during the past
year a drop in urinary excretion has occurred, indicating lowering
of body burdens. Cesium peaked at a little less than | microcurie
>f body burden, which is not high, but it represents about 300 times
the level in those of us in the medical team that were counted.

In regard to zinc, it reached a peak at about the same time that
the cesium did but suddenly within one y ~'e time it dropped to about
1/10 of the previous year's value, [ wr , Lauren, do you have
any comment on that, as to why we had cu1s sudden drop in zinc-65
in the people? Was something happening to the fish then that caused
this sudden change?

DONALDSON: When did they get rice?

CONARD: They had been eating rice pretty much all along.
DONALDSON: Their food habits can change radically.

DUNHAM: There wasn't a difference in your counter at that point?
FREMONT-SMITH: Don't suggest that!

EISENBUD: What is the half-life of zinc-65? I should know, but
I don't remember,

DONALDSON: Less than a year. Two hundred and fifty days, I
believe,

CONARD: But that wouldn't account for a sudden change?

DONALDSON: If I remember the data correctly—and | would have
to look them up. I have them here. Essentially there k13 been no
drastic change in the usually expected declines. If they have changed
their habits not only in eating fish but also in eating birds, and if
they've had expeditions to the north island and come bac! with lots of
birds, that would increase it.
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FREMONT-SMITH: Did you do any cultures of white cells on
these pecple?

-CONARD: Yes, at 10 years we did about 40 cultures for chromo-
somal studies.

FREMONT-SMITH: Did they show anything out of the usual?

CONARD: They showed persisting aberrations, low levéls of
aberration.

FREMONT-SMITH: More than other people would have?

CONARD: The exposed people showed a greater incidence of
these aberrations than did the unexposed.

EISENBUD: I think it should be emphasized that those doses that
you show in Figurz 42, when translated inco dose units, are Just a
couple of hundred milligrams.

CONARD: I was going to get around to that in a minute.
EISENBUD: Sorry, Ididn't mean to anticipate.
- CONARD: Another isotope that was found was cobalt-60, to a
lesser extent, which is about 1/10 the zinc level. We haven't seen
any iron-55 in the people but we haven't done-any specific studies,"

EISENBUD: Any what? Have you looked for it?’

CONARD: Not specifically, no, but we haven't had whole body .
counts now in a couple of years.

EISENBUD: You can't do it with _wholc-bddv counting. It.-decays
by internal conversion and gives you an electron . . . ‘

CONARD: Maybe we'll pxck it up in the urine.

'EISENBUD: No. Sample blood Maybe you have some in your
laboratory. What you do is separate out the iron-55 and look at it
with a thin crystal., It should be very interesting in that group to
see what the iron-55 level is, Iron-55 is an interesting isotope. It has
been neglected until now because the emission is a 6 KeV electron
which has a range of only one micron in tissue; it has generally been
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ignored. But iron goes to very small volumes of tissue. Specifically,
it tends to concentrate in little globules and you get a very high dose

there because essentially all of the range of the iron-55 electron is

comparable with the diameter of the globuie.

MILLET: May [ ask if the unexposed population showed chromo-
somal changes, too?

CONARD: They showed some peculiar chromosomal changes that
we haven't been able to understand yet, chromosomal breakages.
They show about as many breakages of chromosomes as do the ex-
posed people., But I was refersing to the more specific radiation-
induced types of aberrations, such as dicentrics and ring forms that
occurred.

AYRES: May I ask about the zinc? How is that taken up and where
is it stored in the body? 1Is it taken up as zinc or is it a surrogate
for something else?

CONARIj: I really don't know. [ know it gets into the body and is
fairly well distributed, as [ recall,

LANGHAM: It's concentrated in the epithelial tissues, The hair
is very high, the skin is high,

CONARD: The prostate I believe is fairly high,

LANGHAM: The prostate and pancreas. Percentage wise, the
greatest amount is in the skin and hair.

BRUES: It looked to me as if the cesium levels were remaining
rather constant in these people. I think that's remarkable. It turns
over with a half-time of three months or so in man. So they must be
in essentially a closeda environment without cesium drifting or blow-

- ing out of it.

CONARD: That's so. And I think, as Lauren pointed out, the fact
that this raaterial is sticking in the upper layer of the soil and not
being dispersed, being diluted in soil, so to speak, means that for a
long time we'll have levels that can be detectable. *

*Since this symposium, results on the latest radiochemical urine anal-
yses (March 1967 urines) reveal that the excretion of these radionuclides
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WARREN: It's interesting that the tropical rains don't leach it
downwards. The tropical rains should produce guite a bit of water
to leach this down into the soil. Is it cormnplexed or fixed?

DONALDSON: It-doesn't leach to any degree, It stays pretty well
fixed,

WOLFE: It's accumulated in the soil algae in that upper layer,
isn't it? That is what the radiocautograph shows.

DONALDSON: Yes.

WOLFE: And the algae are only in about the upper couple of inches.
Below that it's apparently too dark.

TAYLOR: Is there any animal study that correlates with the cb-
servation of malformations of human children that were in the fetal
state two or three months or so when the irradiation took place? Is
there any animal counterpart of that that's been seen in any of the
bomb test irradiation?

MILLER: Not in the wild state, but in laboratory animals certainly.

TAYLOR: How about fish, for example? When the fish are irra-
diated when they are developing eggs, do the eggs lose their fertility
like that?

DONALDSON: You can go the whole gamut. [If you take chronic
exposure over long periods of time and pick a level, say a half roent-
gen per day for a 90-day total exposure of 45 raentgens, for example,
and follow the fish through several generations, instead of getting a
damaging efiect you find a stimulating effect. Double the dose, and
the same sort of things happens. Or double it agzin and {'1l give you
the answer in part tomorrow. I'll be a midwife tomorrow while you're
enjoying yourselves here, We'll have several lundred fish coming
back from the sea that were exposed to 2.5 r from a cobalt source as

eggs.

p -
¥(Cont'd) has dropped to about one-half that of the previous rate of
excretion. This may be due to the fact that the people are buying and
eating more commercial food.
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FREMONT-SMITH: These are salmon?
DONALDSON: Yes.

FREMONT-SMiTH: 1 thought there might be somebody that would
know it.

DONALDSON: In these experiments the exposure starts the instant
the eggs are fertilized and continues until the yolk is absorbed and the
fish are free- swimming, a period of 90 to 100 days.

FREMONT-SMITH: They are bigger and better as a result of the
radiation?

DONALDSON: Yes.

DUNHAM: Aré they all or are they selected? You still are losing
90 or 99 percent of them. '

DONALDSON: Yes. Survival of the irradiated fish is bétter thaﬁ
that of the controls. o ‘

DUNHAM: It's the ones that come back that are bigger and better.

'FREMONT-SMITH: Do you lose 90 or 99 percent? Is that right”

DONALDSON: Actually the normal expec-ted mortality of salmon
in the sea is in excess of 90 percent. We release an equal number of
controls and irradiated fish. For fish exposedto 0.5 ror 1.3 r as
alevins, the survival, rate of growth, number and hatch of eggs pro-

duced are equal or superior in the irradiated group.

' FREMONT-SMITH: So that is really as if you had benefited the
fish by radiation,

DONALLDSON: Yes.
UPTON: How about the hatchery?
DONALDSON: Better, thoﬁgh barely significant,

EISENBUD: Do the salmon say the university is alwaya there? -
[La.ugh.er]
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DONALDSON: They don't make mistakes! I wish I had students as
smart as those fish,

WARREN: I think that this point which Lauren nas found is of great
significance in this whole story of radiation exposure and yet it's been
sort of ignored. ’

FREMONT-SMITH: It's against the dogma. And not just ignored,
It's submerged, it's suppressed.

. WARREN: I've examined this with great interest for years since
he fir. had this finding.

DONALDSON: Let's get the record straight, I'm still under . . .
WARREN: He's still exploring.

DONALDSON: . . .under the initial direc:ive that [ received from
Dr. Warren back in 1943, during the days of the Manhattan Engineer-
ing Project. The experiment must be carried out over many years
and it must be done in the complete environment, not just in the lab-
oratory. In other words, the fish must be exposed during the time
that they would be, say, living in the effluent of the Hanford Works,
and we must be able to get our hands on thermn again when they return
from the sea in order to evaluate the effects, if any, from their ex-
posure to radiation. In other words, we must not simply say, bucause
they didn't die in the first 90 days or 20 days or the first year, that
there was no effect. I naively told Dr. Warren, let's see, 24 years
ago, that yes, we could do this experiment, I didn't realize that it
wculd take me 24 years to get the facilities and develop a salmon run
that would return to the University campus. Each exposure level
takes a minimum of five years to evaluate

FREMONT-SMITH: You're going to telephone tomorrow afternoon
and tell us what the answer is?

DONALDSON: One step toward the answer,

WARREN: [ think this is very significant and I think a great deal
of credit is owed to the AEC Division of Medicine and Biology for
continuing to support this work over the years, 20-odd years, with
such a small yield in return for a few percentage of fish. This has
been maintained over the years and you're now in what, 26 generations?
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This ought to be of interest to the geneticists here, Some of the ori-
ginal exposures were in 1943 or 1944,

DONALDSON: Those are the experiments with rainbow trout which
started in 1943, . -

WARREN: But herc has been the longest, to my knowledge, single
set of observations on cne or more species of fish that have been
exposed to relatively small amounts of radiation. I think this ought
to be continucd as long as necessary to get the final answersa, [ agree
with Lauren, he's got some initial answers which look very specta-
cular and interesting and he's properly modest in not claiming too
much too early. But [ think this is as important as following the Naga-
saki situation, where the dcsages are not so well controlled.

FREMONT:SMITH: It would secra to me that nature has taken ad-
vantage of all of the physical properties of nature aud used them to
an advantage. On the other hand, it has been sort of assumed that
radiation was always bad and that any radiation was going to be harm-
ful. Now it secems to me therc is some evidence to believe that.there
was a higher radiation in the past than there is today and that it's
entirely possible that there is an cptimum radiation for some species,
or maybe for many species, and that we shouldn't assume that every
radiation is bad. It seems ta me that Lauren's temporary answer
supports this position, that it may be that salmon, maybe other fish,
.and maybe other species are benefited by an appropriate radiation.
I know this statement is contrary to official position, but I'm contrary
to ofiicial position, '

WARREN: I've been looking into this, as you know, with some
interest of late and I'm not willing to say that radiatiun is universally
harmful because we have a continuous background of naturally occur-
ring radiation and cosmic radiation. The former cculd have been
considerably higher in the past, but [ don't think I'm in any position
to go any turther-in that discussion. But l-point to Lauren's experi-
ment as being significant in this direction.’

- BRUES: There's recent evidence that the earth's magnetic field
flops over every so often, letting in meteoric material and cosmic
radiation (R ferenc.s 42and 43). I believe the last time that this is
supposed to have occurred coincides more or less with the time when
man first appeared on earth. That is rather speculative, of course,
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DONALDSON: I cringed just a little bit, Dr, Warren, when you
said small in numbers, because I've made the grandiose statement
that this is probably the biggest radiation experiment, numerically
speaking, that's been carried out with vertebrate animals. We nor-
mally use in excess of 100,000 exposed and 100,0C0 controls, making
200,000 animals in each experiment, Then we have to carry another
population along, so we always have reserve stocks.

WARREN: But the salmon gives a small percentage of return, as
you indicated. -

DONALDSON: Yes. Even if we get only a | to 3 percent return,
we have somewhere betwean 2,000 and 6,000 salmon coming back to
the University pond, which is just slightly larger than this room,
When you have that great a number of adult salmon—the average weight
last fail was 1 8.6 pounds—coming to a simall place like this in a two-
week interval, you have a tremendous mass of experimental material,
So your statistical problems are astronomical. This return would
produce at least 5 million offspring each year. To evaluate § million
offspring, follow them step by step all through their incubation per-
iod, determine the number of anomalies, the rates of growth, indi-
vidual variations between some 1,000 to 1,200 lots, ycu need more
than a computer; you need a group of trained monkey technicians.

FREMONT-SMITH: How large a staff do they provide for you to
help with this?

DONALDSON: That was the question a group of Russian geneticists
asked me last week,

FREMONT-SMITH: I'm asking it now.
DONALDSON: Ask John,

- FREMONT-SMITH: Let's get it on the rerord. How large a staff?
They've been supporting it for 24 years, but how large a staff do you
have?

WOLFE: It depends upon the season of the year. ‘When those fish

are coming back, he's got 25 or 30 students and assistants out there
catching them out of the pond and going through all these ablutions

-that Lauren has described. During the off-season [ don't know how

many people there are,
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FREMONT-SMITH: What I'm trying to bring out is, does he have
enough staff to do the job?

WOLFE: Nobody ever has enough stafl,

FREMONT-SMITH: Okay. I just wanted to bring 't out. He hasn't
got enough staff,

DONALDSON: This is one ot the tricks one iearns being a achool
teacher, Dr. Fremont-Smith. The [ish usualiy come between August
and September. The return runs usually begin around the 25th day
of September. This year it was the 26th, but it's close enough, Then
I have the 25 or 30 students who can help me.

WARREN: He orders the fish to return on that date! [Laughter]

FREMONT-SMITH: I think you ought to go to the University to
atart on that,

DONALDSON: You1g salmon normally go to the aea during July,
maybe as late as August, but that's inconvenient because school lets
out in June. We speed up their growth and get them. out into the bay
the {irst day of May on their way to the sea. Then the students have
time to prepare for their examinations and everything go=s along
nicely,

WARREN: I was very cute of him to turn nature to his time
schedule,

FREMONT-SM!TH: Forgive my remarks. [ just wanted to get it
on the record that maybe he could have a tiitle more help.

EISENBUD: What is the radiation pattern? I doa't know if you

- gave that, If you did give it, I missed it. What dose do you give

them over what period of time?

DONALDSON: We have increased the dose year by year, We
started out at 0.5 r per day, went to i.3 r per day, thento 2.5, and
this ,car we're going up to 5 r per day,

EISENBUD: For how many days does this go on?

DONALDSON: Approximately 90 to 10?7 days, during the entire
incubation period. This is one advantage of this sort of experiment,

e m———.
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You have a built-in food supply and you can put the eggs in a chamber
and expose them to a cobalt-60 source—expose thein for 90 to 100
days. At the end of the exposure period they are ready to start to
feed; then you can take them out to the troughs. During the 90 to

100 days they have gone through their entire embryological develop--
ment. They're fully formed little fish,

WARREN: Lauren ought to also tell you that he has been studying

_all of the abnormalities that can be produced in these fish with irra-

diation and that there's a certain mortality from this, depending upon

‘the dose rate. You get all of the abnormalities that Lave been ascribed

to this in other species and the large lethals are included in this list.
But at this dose rate your abnormalities and your lethal effects are
pretty low, aren’t they?

DONALDSON: There's no sighificant difference in the number of

anomalies between the irradiated fish and the controls at the levels
wec have used so far.,

FREMONT-SMITH: No increasc?

DONALDSON: No signiﬁcaht ipcrease.

TAYLOR: Whatr'u the LD-50 doee for a salmon?
DONALDSON: An acute dose is between 450 and 500 r,
TAYLOR: You're giving them about 500 r, aren't you?
DONALDSON: Chron;xic expoaure.. '

WARREN: Daily.

DONALDSON: We'll give about 400 to 500 r this year, spread
over a 90- to 100-day period. o

AYRES: That's a time when cell reproduction is rather rapid,
though. S '

'DONALDSON: That's right.

WARREN: At their maximum rate of growth and change. Presum-
_ably this should be the most sensitive period, shouldn't it?
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FREMONT-SMITH: The most vulnerable period.
AYRES: On the other hand, recovery can be more rapid.
TAYLOR: Why don't they all die, is what I'm asking.

LANGHAM: It's the dose rate. There's a lot of difference in giv-
ing a dose in five minutes and over a hundred days.

TAYLOR: s it a factor ¢ 2?

DUNHAM: Your monkeys all had lethal doses, as you showed
yesterday.

LANGHAM: Yes, if given in an hour or so. The prompt lethal
dose of the monkey is about 550 r,

FREMONT-SMITH: Please, gentlemen, don't have a private
conversation because it makes it impossible,

UPTON: I think a similar experiment has been performed on the
mouse, I think I recall that Russelland associates (Reference 44)
could detect defects in mice exposed to dose levels of 25 r in the
embryonic period whereas if they administered something like 13 r
per day, continuously given over a 24-hour period throughout em-
bryogenesis, they observed no effects, due presumably to the lower
dose rate,

DONALDSON: The most unusual agpect of this research is that
the fish are tested over the entire life cycle. A major portion of
their life span, of course, is spent in the highly competitive environ-
ment of the open sea. After the exposure period during incubation,
the young fish are fed for about three months, until they have grown
. to migrating size and have developed the ability to change from fresh
to salt water., Then they are released to go to sea. After two or
three years of active feeding in the sea they must be able to retrace
their migratory pattern and "home'' to the small pond on the University
campus. ’

There are surely mamj responsc patterns involved in the complex
life cycle of the salmon, The final pinpointing of the "home stream'
is now fairly well documented as a memorized olfactory response.
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FREMONT-SMITH: Do you want to tell us briefly that fascinating
story about the olfaction and how they find their way?

DONALDSON: This is the work of Dr. Gorbman and associates.
Dr. Gorbman is the chap who worked on the iodine uptake in the fish
at Bikini (Reference 38). He has been doing memory pattern responses
by taking the return salmon and immobilizing them, lifting the skull
case off, putting probes in the olfactory lobes and then dropping water
on the olfactory nares. The water may be from the "home stream, "
which gives a positive response, or a foreign stream, with a nega-
tive response. Water samples collected from down river along the
migratory path bring a positive response.

FREMONT-SMITH: Down the river,

DONALDSON: Yes, samples of water from down the river or up
the river or some other place, or cven tap water, and recording
their memory response for this particular environmental stimulus.

FREMONT-SMITH: The electrical activity to the environmental
water, .

DbNALDSON: Yes,

AYRES: 1Is it an encephalogram technique?
DONALDSON: Yes.

FREMONT-SMITH: What happens?

DONALDSON: The olfactory nares are sensitive to infinitesimally
small amounts of “home' water. Dilutions of the ""home" water con-
tinue to give positive responses. If, on the other hand, samples of
water are obtained from 100 yards on up the watershed where the sal-
mon haven't been, there's no response.

TAYLOR: What happens if he takes them out of the water and gives
them upstream water and downstrcam water and some niixed stream
water?

DONALDSON: This can be done.

FREMONT-SMITH: It makes them very angry!
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DONALDSON: May we come back to the subject at hand for the
moment? Before leaving this environmental area that we've been
talking about in the mid- Pacific, I think it's germane that we include
a word or two about the change in our relationship with Japan since
1954 and how these environmental problems were handled on a differ-
ent basis.

In the 1958 series, we obtained permission from the Division of
Biology and Medicine, Dr. Wolfe and Dr. Dunham, to do.a sort of
undercover operation. This operation involved one of our good friends
in Japan, one of tke leaders in the Shunkotsu Maru expedition, which
caused so much of a problem in 1954, This chap agreed to collect '
and evaluate sarnples of tuna fish that were caught by the Japanese
fleet., He collected some 2,000 samples, sent us half of the samples,
and kept half. We made our evaluations, they made theirs and we
compared them., However, he couldn't get his data published in Japan,
but that didn't necessarily matter; they were available for the scien-
tific record. Since they were not the sort of exciting things that would
make a good news story, they are not a part of the popular record.

In 1962, during the high-altitude tests at Christmas island, this
program was again repeated and Dr. Toshiharu Kawabata* again
collected the samples and sent half of them to us. Under some very

. real pressures on the part of the hysteria-minded group in Japan,

an expedition, made up of a group of reliable Japanese scientists,
was sent to evaluate the radiation hazard. The ship was equipped
and sent out and we were asked to meet it in Hozolulu in June of 1962,
We had leng conversations with these scientists as to what we had
found in the Pacific and, most important I think, for this reccrd at
least, we more or less "held their hand" during this operation, be-
cause, frankly, they did not expect to return home. They were per-
fectly willing to give their lives to the cause, many of them.

FREMONT-SMITH: They expected to be killed by the bla st?

DONALDSON: They expected to be, at the very minimum, greatly
affected by radioactive fallout., It seems fantastic again or incredible,

_but they had the most elaborate air-conditioning system ['ve ever

seen. Every porthole was plugged. They had long filters installed.

“Kawabata, Toshiharu. .Department of Food Research, National Insti-
tute of Health, Tokyo.
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The ship was equipped so that it could be operated entirely without
anyone being on deck, with almost a periscopic peephole. They
wanted assurance from us that they could go into the area and possibly
survive. But what would be the best way to proceed?

In all of our discussions with the Japanese we were very frank and
tried to be as helpful as possible., We reviewed our program, showed
them the areas we had worked in and the levels of radiation we had
encountered., We assured them we were perfectly healthy and were
returning to the test site on Christmu s Island to continue the program.
I think it was a great relief to them t> have a chance to talk with us
—~and to see that our health wasn good,

Well, the ship left Honolulu; they made their stations, they went
home and we arranged a second meeting, in Tokyo, again through
the Division of Biology and Medicine. The Commission sent Dr.
Gordun Dunning* over to chair the meetings, where we brought all
the data together, their data and ocurs. We did a correlation study
eventually and found that we had essentially the same results—fallout
could be detected but at very low levels,

FREMONT-SMITH: Were they awfully surprised to come back
alive?

DONALDSON: They were tremendously pleased, I guess, to be
alive. :

DUNHAM: You said they were very sophisticated, knowledgeabtle
scientists,

DONALDSON: They were sophisticated, knowlcdgeable scientists,
They also had fishermen on board who had been exposed to the popu-
lar Japanese beliefs of radiation damage. But the precautions that

~ they had taken and the facilities they had were completely out of keep-

ing with anything we had available to us or had ever actually seen.
EISENBUD. How close in did they go?

DONALDSON: The exclusion area was 200 miles. So they were
that close at least.

*Dunning, Gordon. Technical Advisor, Division of Operational Safety,
U.S. Atomic Energy Commission, :
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EISENBUD: The Shunkotsu Maru came that close in 1954 and they
didn't seem to be too concerned about it., You may have ncticed in
the Saturday Evening Post picture that shows me on the deck of the
ship, that [ was the only one that didn't have a mask; the Japanese
accused me of being a little too cavalier about radiocactivity. They
thought I really ocught to take care of myself,

DUNHAM: . You were grandstanding! [Laughter]

EISENBUD: There was nothing I could do about it. I didn't bring
any along and they didn’t have any for me.

DONALDSON: I'm about at the punch line of my story, I hope. At
the conclusion of the meetings there was to be a press announcement
and the place was swarming with newspaper people. They had tele-
vision cameras, newspaper photographers all around us; the place
just buzzed. The prepared statement, which was handed to the news-
paper people, stated that we were in complete agreement and thet the
levels of radiation were very low—or non-detectable, You should
have seen the expressions on these men's faces. 'But these are not
great amounts, '' they said. "No. These are the findinga of the joint
report.” When we searched the papers the next day we could find
only about an inch and a half of print devoted to this newe, and [ don't
think any of the footage was used on television.

CONARD: I had one final statement [ wanted to make. In regard
to the Rongelap body burden situation, it turns out that none of these
isotopes exceeded 5 to 10 percent of the MPC (maximum permissible
concentration) in the people. The children had slightly higher values
for the strontium-90, to 20 percent of the MPC in some cases. It
was estimated that the total sody dose from all of these internally
desposited isotopes only amounted to several hundred milliroentgens

- per year, and, as you know, our MPC levels are based on peace-

time limits and are very conservative, with a safety factor of about
10 which is usually cranked in. So, in the aftermath of a nuclear war
it would seem to mi.e that this Marshallese experience does tend to
indicate that after the first week or so one can live in a contaminated

area without too much radiation hazar-d.

FREMONT-SMITi—I: With that degree ot con—Ean;mination.—

CONARD: Yes. But even extrapolating back to larger amounts,
judging by tne smaller dosage they received, it would seem that it
would be a minimal hazard.
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ROOT: You mean if you hadn't moved them off at all it would have
been a minimal hazard?

CONARD: I would say that it probably would, Idon't think that [
want to stick my neck out that far because [ really haven't calculated
what the tota! dose would be if they had remained on the Island con-’
tinuously, but certainly it's not anywhere near the range of the acute
immediate haza-d,

ROOT: That's & good shelter hypothesis—if you can get them all
under shelter duriny the actual fallout, they could emerge the next
day perhaps without danger?

CONARD: I wouldn't say the next day.

AYRES: That's a starida.rd Civil Defense notion that if you shelter
for a couple of weeks, during that time the activity drops by a factor
of 100 and then you're probably all right. ' :

: CCNARD: Most of the radioiodine by that time has decayed.

EISENBUD: Things had quieted down in the summer of 1954 and the
then, I guess we forgot to mention yesterday, the Russians atarted
a test series in September and the fallout levels to Japan were ac-
tually heavier in September than they had been during the period when

‘we were testing the previous spring. But things had quieted down,

anyway, which led many of us to believe that the commotion in-Japan
in that time was at least in part motivated by Communist propagandists,

Well, one of the things that happened in the early fall, particularly
I think motivated in part by the Russian test, was that the Japanese
decided that they didn't get the most out of the visits that some of us
had made the previous spring. They wanted to have a radiobiology
conference and they in-ited the Atomic Energy Commission to send
a group over, About a dozen of us went over in November and sat

. with our counterparts in Japan and had two weeks of very worthwhile

discussion with them.,

Interestingly, and apropos of the remarks [ made yesterday about
the schism in Japanese medicine, there were no lapanese physicians
in their delegation and we were discreetly asked not to include any in
ours so that they wouldn't have to pick or choose between Tsuzuki and

- his opponents, So the conference included geneticists, physicists,
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and biologists of various kinds but we never did get to see the physi-
cians, This is very interesting.

But, out of that conference we saw some Japanese data, from
their Shunkotsu Maru expedition, which I think was right in the mid-
dle of the test, wasn't it, Lauren?

DONALDSON: Yes.

EISENBUD: Do you remember the date of the Shunkotsu Maru
expedition?

DONALDSON: They left May 24th.

EISENBUD: They sailed into the equatorial current just west of
Bikini and took profile measurements which indicated that about
200,000 curics a day were drifting out of the lagoon into the equatorial
current, This is while the other tests were going on. This informa-
tion was given to me in a little packet, It wasn't discussed very much,
I read it on the way back and I got interested in it, As a result of
that and the fact that it was a simple extrapolation to show that this
would go into the Kuroshiro Current in the Philippines and then heaa
north to the Japanesc coast, it seemed prudent to get out and get
some measurements, This was done through an operation control
which was carricd on jointly between the Coast Guard and Dr. Donald-
son's laboratory and ours, and that took place, I believe, in March,
about a year after the 1954 event,

DONALDSON: This expedition left on February 25, 1955,

EISENBUD: And got some very good data on the distribution of
radicactivity in the Western Pacific as a result of that test,

FREMONT-SMITH: Was it appreciable?

EISENBUD: Yes. The radioactivity was detected everywhere that
the expedition went. It started essentially from the Marshall Islands
and proceeded west to Guam and then north in the Kuroshiro Current
to Japan, where they put in and exchanged data with the Japanese.
Then, as " recall, Lauren you correct me—1I'm just reconstructing
this—they came back in the Alaska Current and went down the West
Coast of the United States and completed a cruise of some three and
a half or four months during which time they actually followed the
current all the way around.
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FREMONT-SMITH: Were the fish getting this and accumulating
it?

EISENDUD: Yes, but very, very small amounts., We said it was
high enough to be interesting vut low enough so that we didn't really
have to worry about it,

DOBSON: I should like to ask Lauren Donaldson something, It is
a brcad question which [ hope I can put sharply enough. Extrapolating
from the experi.nces that you have had over the years with your eco-
logical studies, what kind of situation would you visualize, let us say
in the western part of the United States, in the Washington State re-
gion, if a sizable number of nuclear devices were exploded there? 1
am thinking of the aquatic biota, the river systems, the terrestrial
fauna and flora, and so forth, Not an overwhelming number of bombs;
choose the number yourself.

DONALDSON: I find it most difficult to answer your question,
except in the most general terms. The nuinber, size, and compo-

. aition of the devices detonated would have to be stated in your proo-
lem. The conditions under which the energy was released, whether
in air, on the ground, over land or water, or even under the water
in a harbor, for instance, are important in outlining even a general
answer,

If we assume the device is exploded in the air out of contact with
land or water, the near-in fallout would be of little consequence to
aquatic animals. If, on the otheyr hand, it is detonated underwater,
especially in salt water, the radiation problem would be maximal in
its effect on aquatic animals. In the aquatic environment radioactive
materials are carried by the currents; some settle out on the bottom
or go into the deeper non-mixing layers; some are selectively con-
centrated in the food web and passed along the food chain, following
many possible pathways,

CONARD: Did you say that over land it would not be of consequence?

DONALDSON: It would be of little consequence.

CONARD: I don't see why you wouldn't have a big fallout problem
with the fireball if it was close enough to the surface to draw up and

incinerate tremendous quantities of earth into the cloud.

DONALDSON: I assumed that it was a high burst for illustration.
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ROOT: A high burst,
DONALDSON: [ assusned 2 high burst, not in contact,

‘DUNHAM: 1 would like Dr. Wolfe to commen: on this question
because I think [ know what Lauren is driving at, and that iz that the
earth is so different on the atoll than jn the State of Washington, in
terms of radiosensitivity, with the tremendous amount of pine forests,
that maybe there would be a difference.

WOLFE: 1 would think that in the coniferous forests of the North-
west there would be widespread damage in the areas of heavy fallout,
damage to the extent that the forests might be totally kilied in areas.
I don't know whether I'm talking to your question or not. This is one
important thing that we know of differential sensitivity, that conifers
are more sensitive and it would take a lot less radiation to kill the
forests in the Northwest than it would to take them out in the Appala-
chians. In the Appalachians [ think maybe fire would be the sole
killer except in the pine regions to the southeast and along the coast.
In the Northwest both radiation and fire in the coniferous forests can
be rather disastrous, [ know that there have been those who speak
lightly of fire as a factor in nuclea: war, but I noticed in the last
fires, the fires in the Northwest, that therec was available manpower
and they couldn't do anything absut them until they had run their
course. In a time of nuclear war you won't have any manpower and
you won't have any equipment. So I think fire and radiation would
cause considerable damage in the Northwest over the land.

Fire is a striking example of a subject about which participants
are all speaking truthful thangs but are not speaking to the same sub-
ject. The effects of fire will vary widely if we only consider geography
and phenology as the variables. Therc are at least a dozen others,
We can discuss {ire storms in cities, but what we should be Jdiscusasing
is what cities are susceptible to fire starms.

DONALDSON: The problems are so different in the two environ-
ments. May we again use an example from Rongelap. When we f[irst
visited the northern islets, the area of heaviest fallout, we hurried
to finish our essential tasks there and then waded out into tue lagoon
to wait for the boat to transport us back to the ship. On the islands
we would have been in a high radiation iield, but in the adjacent lagoon
wo were perfectly safe, except for possible shark attacks,

- e
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ROOT: Are you, Dr. Donaldson, referring to irradiated particu-
late fallout matter in the water which goes into the food chain and
Dr. Wolfe referring to direct radiation?

V/.OLFE: I'm talking about the radiation that gets there, whether
it's from fallout or any other source.

ROOT: But a high burst wouldn't be so damaging would it? ‘There
wouldn't be anything to come down. .

WOLFE: I don't think it would. But this illustrates a question that
has been put to the Division by the Joint Committee, They want to
know, since we're conducting radiation studies at Oak Ridge and at
Brookhaven, why we have to do them at the test site, for example.
And the problem, I think, is answered in part here with the Rongelap
study, that neither Oak Ridge nor Brookhaven nor Argonne nor any-
body else could have predicted accurately, nor could have discovered,
the thyroid difficulties that Bob Conard has reported on. You've got
to go where the action is,

I don't know hows | can put it into language for you, and { don't know
whether we could put it on paper for the Joint Committee, Chuck.
We've got a different environment; it involves different biota and
different meteorology and different climates anrd different relationships
altogether, That is just the way ecology is. It involves geography.

TAYLOR: Aren't there two very significant differences, at lcast,
between the exposures at Bikini and Hiroshima and what you do at
Oak Ridge and at Brookhaven? That is, the close-in dose rate phe-
nomena are not producible on a large scale, You can't irradiate a
group of trees in a very short time,

WOLFE: We do have a cesium source in a forest at Brookhaven,

TAYLOR: Yes, but some of the irradiations are in milliseconds,
as I understand it. The dose rate phenomena . . .

UPTON: One can tend to simulate this with a fast burst reactor.
TAYLOPR.: Are these ecological studies?

UPTON: Yes., From a tower,
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TAYLOR: Then let me mention what may not be x difficulty. Some
of the significant effects, at least in the Marshall [slands, were due
to fallout, literally to fallout, to material falling on the community
that is being irradiated, and that has at least two effects that are
‘different from what you get with a gamma source. One is that chem-
istry is involved, biochemistry, and tiie other is that there are things
like beta burns which are not produced with a cesium source. '

) Now, in connection with this last thing, I have heard many people
say that deciduous forests are relatively radiation resiatant. Is it
really clear that they are also resistant to beta and alpha activity
distributed on the surface of the soil trickling down through the trees,
particularly in the wintertime? The state of ecological complexity
right near the surface is considerable and it would appear to me that
you don't produce a lot cof effects by irradiating to very high dose
levels the first few millimeters of soil,

WOLFE: You_ just kill everything at very high levels,

TAYLOR: Yes. The question is, will that kill the trees?

WOLFE: Deciduous trees?

TAYLOR: Yes.

WOLFE: No.

TAYLOR: You say all of the tratusfer between bacteria and fﬁngi .
and nematodes and all these things that go on in the upper {oot are
not affected by the fires? i .

WOLFE: I would doubt it,

[At 'this.point in the session a film "Return to Bikini"” was shown. - The
following discussion pertains to the film. ]

DUNHAM: Lauren, this isn't the way [ heard the story. There was
a movie [ saw a few years ago that was announced to the nublic by lan
- Fleming with a 4-page spread in the London Sunday Times which
"showed little fish that had become disoriented, losing their way, try-
ing to clumb trees, which showed sea turtles who tried to find where ’
to lay their eggs. They laid great quantities of eggs which were ster-
ile and then couldn't find their way back to the sea. It showed piles
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and piles of tern eggs, which were also sterile, and very few terns,
Now, which is the true story, sir?

DONALDSON: Dr., Dunham, diring the period from 1946 to 1964
we were at Bikini and Eniwetok for several months most years. We
made a total of 23 separate expeditions, No matter how hard we
looked we could not find a mudskipper ""trying to climb trees," In
fact, there are no records of mudskippers at either atoll nor are
there any mangrove swamps, the preferred habitat for mudskippers.

DUNHAM: This was supposed to be an authentic movie of the after-
math of the atomic bomb in Bikini. Maybe you selected different parts
of the atoll, :

DONAILDSON: I think one would have to do more than select a dif-
ferent part of the atoll, in this particular case. [ think even John
Wolfe with his great accomplishments in environmental control couldn't
build a mangrove swamp out in Bikini without an outflow of {fresh water.
This sort of completely falsified popular release is nothing but disgusting. .

TAYLOR: Who made that particular movie, do you remember?

DUNHAM: It was an [talian movie, It had a lot of other stuff in
it. There were beautiful pictures, though, I must admit there were
beautiful pictures of wildlife.. As ilauren says, undoubtedly the ones
of these mudskippers, as they call them, were taken in the mangrove
swamps somewhere and therc were lovely pictures of giant sea turtles
laying eggs. Again they're apparently authentic pictures,

FREMONT-SMITH: Maybe it was the photographer that was dis-
oriented; thought he was in Bikini but wasn't,

DUNHAM: That could be quite possible,

BUSTAD: Are there any natives now on Eniwetok and Bikini; are
there any residents there?

DONALDSON: There are ro residents on Bikini., The place is
delightfully deserted; one can be completely isolated from the out-
side world here. The nativce Bikini people were evacuated to Rongerik
Atoll in the spring of 1946, Rongerik was downwind from the tests,
you recall, on the chart that Bob had on the board, When we visited
this atoll in the summer of 1947, we found that the natives were hard
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put to obtain enough food, inasmuch as a fire had burned over much
of the atoll and because Rongerik is much smaller than their home
atoll of Bikini, We reported this situation as forcefully as possible,
The Navy had the responsibility for the Marshall Islands at that time.
They moved these people to Kwajalein and then to Kili, a small island
south of Kwajalein, and there “hey remained.

The people trom Eniwetok, on the other hand, were evacuated to
Ujelang, another island, They are not happy at Ujelang, again be-
cause it's not their ancestral home. I[t's smaller than Eniwetok and
they would like very much to go home. However, they would find
their former home greatly changed. To restore one of these atolls
to its pre-test site condition would require Herculean effort. It isn’t
that life cannot go on there but that the very basis of their economy,
the coconut, has been largely destroyed. It would take maybe 10 or
12 years to replant these areas with coconuts and make them pro-
ductive,

We who have worked there have many {friends among these people.
We hope that it will be possible to get them back home again. [ think
this is a blight on our national record not to have done so.

- CONARD: We certainly are trying to, aren't we?
DONALDSON: I have no knowledge of it.

TAYLOR: One gets the impression that the ebb and flow of the sca
plays at least a major role in restoring the islands, restoring the
atolls to their original states. Do you want to say anything about the
relevance to this, to a similar situation on land, for example, in
Nevada?

DONALDSON: The ebb and flow of the sea must play a very im-

_portant role. The atolls are built from material extracted from the

sea, and as they erode and weather the material is returned to the
sea. During the years we have worked in the Marshalls we have seen
some reefs form and others wash away.
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SESSION V
THE SPANISH INCIDENT

INTRODUCTION

LANGHAM: As a proper beginning I would like to invite Merril to
speak up with "incredible!" at any time he feels the urge.

FREMONT-SMITH: Or even with "credible!"
BUSTAD: Are you restricting it to Merril?

LANGHAM: Maybe I'm intimidating Merril. I'm sure [ haven't
the rest of you. : .

In listening to the discussion yesterday with regard to the socio-
psychological reactions among the Japanese, [ was thinking about
how the reporting of this incident is ao different from the things that
Merril was saying, That was why | was saying "incredible, " because
my experience has been quite different from Merril's, Perhaps the
problem we faced was not nearly as great, but [ am sure that one

cannot help but wonder why the reactions to these two situations were -

so different. I have eliminated a few pictures that-deal with the de-
tails of the health physics and how we handled the contamination and
related matters in order to concuntrate on those things which [ think
have some bearing on the subject of this meeting. I feel *he differ-
ences in Merril's experiences and mine in Spain may, in part, lie
in the psychological conditioning of the people. '

A pertinent question may be why the psychological reaction was so
much different, because many of the problems were quite the same.
There was delay by both nations involved in admitting there had been
an accident that involved radioactive material, just exactly as there
was in the other case. There was a serious economic problem insofar
as the people in this limited area were concerned.

FREMONT-SMITH: You mean the nations didn't admit that there,
had been an accident? How long?
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LANGHAM: Quite some time,

FREMONT-SMITH: How long wias it?’ Are you going to come to
that?

LANGHAM: Yes. I think it will be brought out in the discussion
rather strongly.

FREMONT-SMITH: Physically,

LANGHAM: [ had none of the problems Mcrril had, and I don't
think it's that I'm that much bctter than he is! [Laughter] Of course,
I think the problem was not nearly as great either. 1 don't intend to
make any long speech, but [ want to set the stage and see you wrestle

with why the problems [ faced werc different from the ones that Merril
had.

DESCRIPTION OF THE ACCIDENT

LANGHAM: As all of you know, there was an incident involving
the loss of four nuclear weapons, each rated in the megaton class,
and it has attracted its share of publicity. Here are three examples.
The Saturday Review gave it a great play (Reference 45). There were
two books written on it in this country (References 46 and47), and an
Englishman came out with a paperback (Reference 48) within two
mcenths after the incident was over. The two American books are
rather good, and they're not bad accounts of the incidunt if you'll give,
of course, the author's privilege of introducing a little trauma here
and there.

Flora Lewis' book, One of our H-Bombs 1s Missing (P.eference
46), concentrated more on the sea search for the one that was lost
for weeks. Tad Szulc's book, The Bombs of Palomares (Reference
47), concentrated more on the land operation and went a little more
deeply into the philosophy and where and why than did Flora Lewis.
They both are relatively good books, There are mistakes, of course,
like calling a scintillation counter an oscillation counter. The English
book (Reference 48) is absolutely abominable. It gives everything
wrong, and it's the type of unfortunate thing that so frequently occurs.
The Reader's Digest carried a very nice article (Reference 49) on the
incident, also.

The incident occurred about 40 kilometers from Granada, about
80 miles up the Mediterranean coast from Gibraitar, about 70 miles
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west of Cartagena, in a very remote area right on the Mediterranean
shore.

The incident involved the refueling operation of one of the Strategic
Air Comrnand B-523 as part of Operation Chrome Dome. I imagine
most of you know about Operation Chrome Dome.

FREMONT-SMITH: No.

LANGHAM: It's given in great detail in Miss Lewis' book, as
well as in Mr, Szulc's. Since about 1962 a certain percentage of the
SAC B-52s8 have been airtorne at all times carrying weapons, this
being part of the deterring philosophy. This means that if SAC were
entirely wiped out, still a certain percentage of the SAC fcrce would
be able to zero in on its prescribed targets, These flights were being
made constantly, and there were elaborate pains, of course, taken
to see that Dr. Strangelove's philosophy could not predominate, that
some person could not take the war into his own hands by proceeding
to target on his own volition,

The final act of fusing the bomb requires the word of the President
of the United States, so there was no chance of a mishap of that kind,

Flying nuclear weapons of the megaton class over people's heacs
is serious business, of course, and so these bombs have built into
them safeguards which make the probability of one of them giving a
critical yield in an accidental situation like a plane crash about 10-7,
In other words, there is not one chance in 10 million that a criticality
could actually occur, and this is because of combinations of interlocks,
and so forth, which would have to be thrown in the right sequence be-
fore you would have an armed weapon.

The United States has no agreement which aliows it to land a nuclear-
carrying aircraft in any country. These aircraft must take off from
the United States, fly their route and return to the United States with-
out landing. This means refueling operations in the air at various
points along the route. We had a refueling operation agree'ment with
the Spanish Government. The 16th Air Force was in charge of the
refueling planes which would take off from Spanish territory, meet
the bomber supposedly out over the Mediterranean and refuel it; the
bomber would then continue on its way. These, of course, were always
called practice flights, They could, of course, be changed from a
practice flight into the real thing by the right combination of messages,
including one from the President, This is Operation Chrome Dome.
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As a result of the zccident that occurred, Spain immediately with-
drew, or requested that no more weapons be flown over Spain. Some
fee! that this operation has about outlived its usefulness, that the
intercontinental ballistic missile has replaced it. And so, Operation
Chrome Dome is being phased out, ‘

TAYLOR: Excuse me. Are you equating Operation Chrome Dome
with air alert? Do you mean it's decided to stop all air alerts?

LANGHAM: No. I am referring to the type of operation in which
an armed bomber with a target in mind is flying a practice flight in
the direction of that target and then is turned around. This operation
has been going on since 1962. This particular refueling operation
has been done 140,000 times with nuclear weapons aboard without a
single accident, A :

According to an Englishman who had an 8-millimeter movie cam- -
era, he saw the vapor trail overhead and when he loocked up he saw
a bxg puff of smoke and fire.

Immediately in the path of the falling debris was the little village
of Palomares, approximately 400 inhabitants., Palomares had been
there since the time of the Romans, In Roman times they mined the
nearby hills for lead, zinc and various other minerals, At the turn
of the century the mines began to run out, Many of the people left
Palomares, but a few of the hardy citizens stayed behind growing
tomatoes, raising pigs, sheep, goats, alfalfa and other things, agn-
cultural products of that \anety.

When the planes exploded, the four weapons came tumbling out in
all directions ard pieces of airplane fell absolutely all over the village,
Disappearance of the planes {rom the radar screens at the refueling
station let them know that an accident had occurred. There were 2
bombers. on this run and two fueling planes. The other bomber re-
ported that the accident had occurred. So, the a.cident was known
within a few minutes after it occurred,

Immediately, contact with the area was established by the 16th
Air Force. The principal way to get there was to drive over a very
narrow bad road or to fly in by helicopter, :

The first thing, of course, that one should do in a situation of this
kind is to look for any indication of a criticality yield and, indeed,.
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this was done. So, the first group that flew in by helicopter looked
to see if there had been any indication of a criticality yield and then
started searching for the injured and the dead. There were seven
American Air Force people killed and three injured. The next effort
was to find the wezapons, primarily because they included a lot of
secrets, so-called, of our weapon technology, and so they were to
be found at all costs.

THE SEARCH FOR THE LOST H-BOMBS

LANGHAM: Within two or three days a base camp was organized
on the shores of the Mediterranean which grew to house 850 people
before the operation was over, Almost immediately a search was
started on land with these people lining up finger tip to finger tip and
walking across the countryside looking for something that looked like
a nuclear weapon even though, of course, nobody in the crowd had
ever seen a nuclear weapon, They searched 49 square miles three
times by this technique and