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I Generzl Considerations:

A. FProgram: The Bio-medical program is well-conceived
and well planned. It has minimal objectives of a »ractical
nature for 1) determining biologically the quality and guantity
of the radiations from a standard atomic explosion, and 2) for
obtaining information of civil defense and military value. It
has teken into consid=aration the indefinsble variables of
biological experimentation in the field and is doing everything
possible in the way of controlling these tesés so-that the
difficulties inherent in evcluating the rQSuiﬁswwill be
minimized. It has consistentlyiadhered (excenf for ones mMminor
concession to the Air Forces, and another to the Sursgeon
General's office) to the basic policy of limiting the types
of experimentation to these of a well-tested and well-und=rstood
neture in order that the test may serve to correlate what
ha pens to animals exnosed to an atomic explosion with what
is being studied in the leboratory. The biostatistical aspects
of the nrogrsm mey be considered to be representative of the
thouizht and planning which have gone into this operation.

Zven such fzctors as pre-test rondomization of the animals to
be sacrificed serizlly or to be shipped back to the States for
long term study have be=n taken into consideration.

B. Frocurement 2nd Logistics: well under comnt rol. The

animal colonies on Japtan are thriving, the large animals have
been dewormed andqare in gnod condition, the effects of trans-
oceanic flight on mouse colonies have beesn studied, etc.. The
animal stations have been procured and n »ear to have been

subjected to adecuate nerformance tests.
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C. ZTersonnel: Those whom I know are competent and well

quelified for their ijobs. The nersons in charge of the Bio-

nedical program are scientificzlly competent and have a good

practical understanding of logistics and organizational pnroblems.
D. Operations: The operational aspects of the »srogram

heve be=n well thought out and will be rehearsed thoroughly

before shot time. The scientific nersonnsl will be %ept out

of the field and will be resronsible only for placing the

biological meterizls in insulating liners which will then be

distributed =zt the »roper stations a2nd collected by competent

military tecms. There will be five 5-man recovery teams, each

with & monitor from General Cooney's outfit thet will be

resconsible for placing and collecting the liners. Cnly two

of these tezms will go into arsas which will be radioactive

and the other three will be used for collecting Fearce's

material on non-active islands. They will serve as res=21v7e

temas from the point of view of radiation exyposure. The teams

will be allowed to teke an aversge of one roentgen of gamma

radiztion ner man (bhut Te Roy believes that this dosage can

be incr=ssed to 3 r if neces=ary). The monitors will act in

zn advisory cavsacity, but will rerort to a chief monitor

(Cantzin Haight) who will be with the beach master and will

heve zuthority to order evacustion. Le Roy will be in a

boat nesrby and will be in direct communication with the teams

and with the beach master. The problem of recovery of biologiczl

meterial should not »rove to be difficult. The station design

provides for alternate methods of recovery of material in

case the usuel methods of evacuztion cennot he used. The

rediation hazards for this type of an ex~losinn can be estimated

with reasonzble accurccy snd should nect be =serious--150 mr per hour
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the highest rodiction intensity which the teams

It will teke =2bout 4-5 hours o distribute the animals

before the shot and about 2n ecual time to return them to the

leboratories. Immediately

go into the ares, give the

all-clezar signal,

after the shot, a helicorter will

collect a few

neutron indicotors and do minor repairs concerned with air

flow into stetions.

A special crew will arrive by sreedboat

on the island within an hoir after the shot, will be prepared

to renailr stations and to obtszin the first two rairs of »igs and

dogs for derial sacrifice.
the laboratories within three

Cvyer-211 Tlan »f the

@
Le

These snimels

hoirs after shot

Operation:

will »He returned to
time.

will be given verbally.

IT Biological Materisls to be used and Methods of Displey:

A. Types of Materials:

The biol~giczl materizls to be

displayed differ for the two tests in the following way:

Test 1. 1.
‘d.o
b.
C.

5

>, Mammsls

2.

Biological Dosimeters

Corn in nackets (for high flux neutron-
Trod=scantia (inflorescences cnd

plants to be used orimarily for

lowar doses of neutrons)

Mice (thymus-spleen weight change,

to be nused for both gamma rays

end neuts,

)
(Survivel vs. dis

tence)
mica '
1. T.D. curves (30 day)
2. long term effects
A. gamma ey Survivars
b. neutron survivors
nizs
Aog=
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3. Mammgls (3pecisl Studies)

. hematology (? also »igs)

1. serizcl sacrifice
9

m

4. Memmcls (Thermal effacts vs. distance)
n

a. dogs and pizs (1:4 ratio)

f—J

. three tests ver animal (time
versus effect)
2. three tests per animal
(wave length vs. effect)
5. Rsdiation Meszsurements (by Bio-medical group)
a. Radiznt SBnergy (to be measured by ¥.3.L..
1. totsl integrated dose 2%
each station to be measured
by Fearse
b. Ionizing Radiation
1. Man-sized laminated masonite
rhentoms: Xach will contsin
film and ion ghambers 1o
Zive an idea of the
homoageneity of the incident
radietion and the amount of
Scattered radiation. & —air
of these vhantoms will be
nlaced 2t =sz2ch large animsl
station (with scme amount of
shielding); others will Dbe
nlaced at closer and further
m0ints; and some will be

nloced in stendsrd army tenke.
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?.  Lucite spher=s ranging from
5 to 30 cm. in diameter. A
graduated series of spheres
will be susoende=d at each
st-tion (? large and small
animal station). They
contrin film packets and
ion chambers (high saturstion,
and are drsigned to give the
radiation doses in air.

3. Mouse Phantoms: Mouse sized
lucite block=s cont:ining film
to be olaced &t each mouse
station. .

4. Other measurements of neutron
and gemma ray intensity and
svectrum will be mads by
N. R. L. snd Los Alsmos zroun.

Test 2. studies bv Bio-medical group limited to the following:

1. Dbioclogiczl dosimetry

7. mouse survival vs. distance
3. thermal effects in large animzls
4. ilonizing and thermsl radistion measuremants

Sxposure Stations: Ixcert for the biolozical materizls in the
drone planes, =211 biologicsl stztions are on the ground (or on
floats) along one of several nearby radii. The stations are of
different ty es snd are'deqigned to withstand varying amounts of
blest snd to =hield zgoinst differ=nt tynes and 2mounts of
ionizing radistion. A1l statione ewcent those in the nlanes will
have individusl cells for the animals s well as o« continuoun

record of the tempersture =nd »ressure, autometic airflow (which
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shuts off temporsrily after the shot to excludz rnos=ible

contamination by fis-~ion pnroducts. )

1. Ground Stations:

Tyne 1:

Tyne A:

To house nackets of corn. Don't know
details of design but will be very close
to tower,

Hemisphere type sitetions for neutron
dosimetry. Has great strength end shields
out almost all gemm: rayes by means of

6 in. leyer of lead »einted on the out-
side with cadmium.

Cnly neutrons esbove thermel energies will
enter this station. The at*enuation of
the neuts. will eonstitute less th'n

20 ver cent of totrl. There will be
eight of thes=2 stations for neutron
dosimetry contrining mice, tradescantis,
mo 1 e phantoms, peréonnel and neutron
dosimeters:; eight adiitional stations
will contain mice for neutren survivel
studie=.

Cylind=srs for gamms ray ex-osurzes of mice
and trad-scentic.. Twenty-nine such
stations farther away from tower than
tyo~ 2. {ill contsin 2¢0 mice ezch for
gemma ray dosimetry, lethel dos= and
grmma ray survival studies, _

Targe “nimel cont: iners shielded from

bla=t efracts for gomms ray mortality
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=nd serizl section studi=s,

Tyre 5: TLarge ~nimel stotions for thermsl effect
atudies. fnimals 2re raeathetized aond
held in nlzce ageinst guartz coverad exmosure
norts (th2 quartz windows will shield
rg=in~t scnd ble~t efects). In those
norts, where time vs. effect is studied,
the signal is taken from the flash by =
“hotoelectric cell (called "blusbox',
apmarently very relisble signal corms
ecuinment).

2 Drone Animel Chembers: MNice ar» »laced in two compartments
of the drone fuselsge. Individucl cells are not used. In
one comnartment, the outside ~ir containing f.n. i3
admittad. In the second commartment, the 2ir is filtered
and mice =nd trodescantia inflorescence are used as inte-
grating dosimetera., These desizns have been tested out at
sendia. dice withstand the lowered temrerature and oxygen
tension w211, Test= 212 al=o being conducted on radiction
effects at simulated pres=ure and temnerature ¢t Los Alsmo=.

I1IT Detsiled Flans of Indicidusl Txperiments:
A. 3Biologiczl Dosimetry
1. Corn: Corn undergoes 2 disproportionstely large

number of somatic mutations when irvadiated with
neutron=. Tackets of kernels will be exuvosed to
differing smounts of radistion renging from a
minimum of 15,000 gam—a roentgens and 1019 neuts/cm7

to a maximum of 30,000 gem a r and lOlb neuts.

Closest station will be 300 yards and recovery will

be delzyed for several days. The seeds will be
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studied by “*nderson of C.I.T., who made observstions
on the Bikini corn. Controls have heen studi=d
ccrefully with 250 k.v. x-rays and with water boiler
neats. at Los Alemon.

Tradescantia: Inflorescence will be placed &t

close stations and plants at far stations.

Dr. Conger of Cak Ridge will be in chorge of

this study. JSmears of the pollen will be made

at 21 hours and four days after exposure (the

tvo c¢lessical times of study) and some of the
scoring of the chromosome breaks will be made

at Japtan. This tyne of study is of perticular
importence in the stidy of neutrons as the

increase in breaks is not (?) linear in the case

of gomma rays when the dose exceeds 250 roentgens.

I »resume that the neutron studies with fission,
pile and cyclotron neitrons such as have been
renorted in the literatare are being continued.

"he tradescantia will be nlaced in the hemispherical
stations where they will receive an estimated

1019 46 10%°

than 30 gamma roentgens. They will also be

neuts (largely fast) and not more

placed in the cylindrical stations where they
will be exposed moinly to gamnz rays.

Mouse splesn-thymus weight decreese: This is

an axcellent »nd novel idea, but it is the least
well exnlored of the biological tests (excernt
for the inhalation). Carter at Los Alamos has
studied this nroblem thoroughly with neuts. and
photons of differant energies =znd has calibrated

the weight dacresse in these lymphoid tis=ues
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for differ~nt radistions. He has dzsmonstrated
excellent families of curves which show, for
examrle, a decrease in thymic weight of 35 and
10 per cent respectively for the same doses of
250 and 1000 k.v. x-rays. The spleszns are
weighed immedietely after autopsy of the animals,
but the thymus is placed in formalin over night
to permit easier separation of the fat. 1300
senarste weighings will be done in paired
weizhing bottles for =ach test. He has five

L]
bzlances, 2 regular staff of seven and will add
seven other helpers to his group after each test.

A trial run using 250 k.v. x-rays will be conducted
on Japtan on the generation of mice »receding those

actually used in the first test.

Mouse Experiments (other than dosimetry) The Fl hybrids of

the LAF strain are being used because they =zive the most

consistent data on mortality studies according to Cronkite

and Lorenz.

1. Mortelity vs. distence: This will only be determined

for gemma rays. There will bhe thirty animals of
azch sex in the twenty-nine cylindrical stations,
which 2re so placed that they will receive increasing
doses of gemma rays in increments of 725 roentgens.
"he probable dose renge which will be cnvered is
40-1200, but it may h»e 50-1400, or 30-1600 r.,
d=nending unon the bomb efficiency. I don't
think these animzls will be autopsied. They
should be recovered in 4-5 hours. Lethzl dose
rtudies under simulated field conditions have

been comnleted at Funter's Foinw.
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Long term effects in survivors: The 1ife spen,
tumor incidence snd catarcct induction will be
“ti1died in surviving mice exposed bhoth to neutrons
end gamma roys.  These znimels will be sent by
alr to Turth at Cak Ridge f-r observation.

a. Gamma roy survivors: There will be zbout
200 2nimals at =2ach of the 29 gen o ray
stations earmarved for long term survival
studi=s. Tollowing the shot, they will
be pooled in grouns of four (covering a
dese range of 100 roentgens). Not more
then 4200 animals will be returned to the
states. They will be accompanied by controls
(? how many) which will be given eguivalent
doses of 2?50 k.v, x-rays (for each individual
groun, not the pooled groups of four)
according to the mouss dosimetry measure-
ments (My own o»inion is that since mouse
dosimetry 1is 2 rather new tool for cali-
bration of rrdiation they should also have
control animals given doses based on the
chysical measurements of what the animels
received. This would alley possible
controversy in the future as %o the signif-
icance of the results.) The difference in
life span, tumor incidence and cataoract
develonment betwesn the animals exnosed in
the field and those given acuivalent doses
of 250 k.v. x-rays will be studied. Only
200 non-irradisted controls will accompany
the =2xmo0sed animels. The statisticians
felt that no more were necessary 3ince the

differencen in long term affects hetuesn
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unexnosed znimals of this strein =nd those

given various amounts of 250 k.v. X-rays

have been w2ll estrblished.

b. Neutron survivors: The survivors of the
eight neutron grours of neutron-exposed
anim=1ls (50-50 2er group in hemisnhericeal
stations) will also be returned to Furth.
They will be exposed to a:~roximately the
following number of rem of neutrons:

14, 40, 70, 14C, 560, and 1120. I don't
know how they are going to control trnese
grouns (I su--ose by unevnosed animzls).

3. Inhzlztion Txperiments: Groups of (?) 30 mice
will be nlaced in the fuselage of drone planes
and the outsid~ air including f. p. will be
admitted through louvres into their container.
dhen the animels are returned to Jeptan, they
will be sacrificed serizl’y. The lungs,

Z.1. tracts, sikin and carcasies will be
Dooled, frozen and returned ito Tos Alamos
for assay. The totel rodioactivity of the
organs, and that due to molybdenum, will be
d=termined. In this way it will be possible

to differentinte between f.o. deposited on

stin and subsecuently swallowed from that
inhaled. I don't ¥now what kind of physical
air semrling devices will bhe used to control
this exveriment other thon those used to collect

semnles for yi=ld chemistry. This i= one of
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two instances in which there has been &
minor deviation from the rrogram's basic
nhilosonhy of conducting only well understo~d
and easily interpretable exreriments. The
mrignificance of the mouse inhalation dats

will not be clear, but the Air Torces have

be~n extremely =ager to obtein this informstion

which clthough noor, they feel is better than non-=.

Large /nimasl studies:
Figs @nd dogs (foxhounds) will be used. There is some concern
avbout whether the pigs wil® be ams1l enough to fit some of the
contéiners 2s an error was made in the time of breeding. This
together with the slight d-:lay in the shot time has caused
anxiety particulsrly on the part of TFearse's groun as to whether
the cnimels will not be too large at shot time. The veterinaricn
in charge of the rsnimals is confident that he can hold dowvn the
w2ight of these anim=ls to 70 ner cent of that formerly exnected
withont interfering with the heslth or nutrition of the animals.
Le Roy i~ goinz to send word to Pecr-~e =zs soon as he arrives :nnd
looks over the situstion.
1. JIonizinz Radizstion:
a. Mortelity versus distence: There will be 3
stations each containing 10 dogs and 10 nign placed
% T5 roentgen intervals covering en exnected
ronge of A0 to 700 r of gammza radistion. o
testing of =ny sort will be done on these
animelz. A1l desths will he zutonsied.
Kodachrome films will be taken of natholozical
snecimens and some of the gros~ organs will be

embedded in plastic ~nd seved for tercching nurnoz=-.

DOS AREHIVES



Te-hel dnse studies have becsn done on
the same strrin of nizt at N.R. D. T, with
1000 kev. ¥-ray” und=r conditions desisned to
simulate those at the test site. A walk-in
refrigerator has been revamned to srproxime te
the temperature, infra-red light conditions,
mean humidity 2nd minimum a2ir flow at stations.
Animels ere given 1 5 hour rides before and
afier irradietion in clos=d trucks to mcke
axnosure conditions as near &s nossible to
those in tha field. Jog exneriments of a
compr r~ble nature will “e completed soon. o
mortrlity =studisg will be done 2t test site.
Hi=tolozicse1l -tudies: Thirty-two dogs will
be exnosed to = 30 deoy T.D. 100 (zo-rovimately
550 go.ma roentgens ).  They will bhe sacrificed
on a rrndcm basiz two =t 2 time. The times of
sncrifice heve not hYenn decid d definitely :=nd
will d=mend urpon the outcome of current studiiens
at the N.R.T.. T4 is vnrobable thet three
grou~= will be sacrificed during the first
24 honre znd then one rair »er day thereasftier.
Commender Tullis i1l be vnroject officer in
cherge of these studies on pigs, while
Jr. Arthur 4. Za2ton (HNavy) will conduct the
studiz= on the 4ngz., (Col. De Coursey will
not poerticinnte in this work.,) As fer cs I
caen tell from 52 1lking to the nathologiste at
Rochester this dataz 2lone should zive
informstion whereby the ecuivelant doz= of
1000 %.v. x-rays can be d=2termined to within

50 roentgent, These snimels will olso he used
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for deily hematological studies mention=d
below snd the blond of the dogs will be =saved
for chemical studies.

¢c. Blood Counts: To be done dcily on dogs and
pigs by Commander Cronkite.

d. Blo»od Chemistry: 50 percent of the doz dlood
at autopsy will be saved. The plesme will be

senarzted and frozen. The following studies
are contemplated:

1. oplssma fibrinogen (?? by whom)

2., non-protein bound iron (Chenutin)

5. serum potassiim (Hestings)
"he remainder of the plasma will be stabilized
and presarved by passing through an ion

exchange column (Libby, U.C.L.A. ).

Thermel Radiation: There will be five stations in the
first test, six in the second, each containing eleven
animals (three or four pigs for every dog). Ssch
animel will be anesthetirzed and held in place against
the vnorts designed to admit non-ionizing radiations of
different wave length or at different times after the

exmlosion. Threes combinations of biological measurement=

will be mazde--the first, the thermal burns versus time

i.e. during the first 30 millisecond interval after the
explosion and during the neriod thereafter; the second,
the burn produced on skin graduslly exnosed by a2 sliding
shutter which opans at a definite rate of sve=d, and
third, burns vproduced by =2»cluding certain componsnts of
the 1li:zht svectrum, i.e. by filterinzg out individuclly
the ultraviolet, the visible, and the infrered lizht.
“ach of these tests will be car ied out on both pigs and
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dogs and each will have its own control of & small nort

which admits all of the thermsl radiant energy. The only
studies which will be made on the burned arezs are

1) descrintion of intact lesions, sup-lemented by Kodachrome
nhotography, and 2) histological examination of biopsy snecimens.

Another »iological test that has just be=2n includ=d at
the reauest of the Surgeon General's CfTice is the effect of
thermr1 radistions on small nieces of material in contact with
the ~kin. Twelve such tests will be made on four animels in
the outer station~., (Thi=z will be integrated with the materisl
testing nrogrem being car ied out by the N.D.R.L.) Each
station will have an integrating calorimeter which will
measure the totsl radiant energy. These instruments have
been designed so that their records of total energy can be
broken down in terms of N.R.L. data into time and spectral
distribution.

The stations are placed so thot a large range of energy
is covered, It is estimated thet the minimel energy studied
during the first test will be 3.3 to 3.3 calories per sc. cm.
while +the meyimum will be 57 to 125 cal/cm?. A comparable
energy range +ill be studied during the second test. The
minimal energies are zp-roximately those reauired to produce
threshold effects (5.7 cal/sa. cm/sec.). These estimates
of thermal energies are ocuite uncertain. They d=pend uvon
who makes the cclculation snd will certeinly vary with bomb
efficiency, atmospheric conditions, etc..

9,

These studies have been well controlled by prelininary

experimentation hers at Rochestar. 131 individual tests on
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anesthesizs have been made under conditions which simulate
those in the Tacific. 40 lerge surface burns have been
produced by the scanning technic utilizing the focusser
beem of o large searchlight, and 172€ smzller burns have

been ~roduced with msgnesium flares.

1V Impression of Value of Data which will be obtained and problems
left unsolved.
I don't think that the bio-medicel program could have
been nl:nned in a more direct or simple way in order to get
the desirsd information. JSome of the tests are more strzight-

forward thon others and probably have o better chance of

V;.Lma« R R IR L W ]

giving goo>d data. Thu=w, the biological dosimetry is not
subiect to the mony unknown vorisbles which determine for
evampla survivel studies. These tests seem to me to be
excellant and should give valuable informetion. The lethal
dose studies are =ound, 21lthoi1zh unexvected variations in radi:s-
tion flux (due to bomb ef*iciency) may interfere with the
interpretation of the lerge animel studies which are based

on a reletively few grours of animsls. The mouse survival
studies should give good mezsures of the neutron snd gamma
ray effects vrovided that some of the intengible factors of
this type of study do not distort the results. The hematol-
ogy and histolozical studies, slthough performed on a limited
number of znimals, should also zive go~d data. The numbers
of ~nimals in esech gzroun is statistically sound, but I am
ennizh of a binlogi=st to fe=21 thot the samnle size mé?Lte

on the =smrll =sid=. The therm:l studies have be=n very

thoroushly olenned. 7The factors which could interfere with
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the obtsining of 3004 results are 1) ~oor placing of stations
due to miscrleulation~ of the thermal energies and 2) the
nor~1ibility thet the »izs will be ton large for use. The
dets f2m mouse inhslation studies will be difficult to
intersret 2lthouath it may zive some clue to particle size in
the cloud.

At best, z2o0o0d data will be obtained correlating biological
effects and »hy~ical measuremnents. This should help to
solve the discrenancies in the intersretation of dosage in
the Japanese and the arguments as to dose-intensity effects.
If the results from the various tests should not jibe or
should conflict, it mey still bhe »Hos 1ible to discriminate
between true and sruriocu= resulits. The problems which will
not be solved by this test are imnos-ible to anticinate, but
my guess iz thet if you cre tlanning another test, the dose-
intensity cuestion should »e conaidered as the most li%tely to
be still in cuestion. Another practical piece of information,
which can »>e obtsined in time in the laboratory but which
could be determined (with limitations) at a later t2st is
the combined effect of ionizing and thermel radistions on

larze animsls,

Note: Donaldson will not particivrate in test and testing

like thet done at Bikini will not be carvied out.
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