e -
BEST COPY AVAILABLE T e N

. *(/'3}" A

Vu-b o )-y-*w ' i" 4" l

RIVITH CF T 3TC-43DICAL FROGRAM IN hub:,@

OP32A7ICN GRINHOUSE DB“ El?ysé"w {\,&M@
s 5ol (-“‘1 4 L\‘. (QL’_LNV - - o ‘
o g iy 3ib)

I Generzsl Considerations:
AWREA Greeohouse

A. Frogram: The Bio-m=dicel progrsem is well- conceived

znd well plannad. It has minimzl objectives of 2 »ractical A
A4OR2708

n=zture for 1) determining biolozically the cuality and quentity
of the radiztions from a staniard zstomic exrlosion, and 2) for
obtaining information of civil defense znd military value. It

hes teven into considerstion the indefinsble variables of

biologiczl experimentation in the field e2nd is doing everything
possible in ths way of controlling these tests so that the
difficulties inher=ant in =2vslusting the results will be
Ainimizad. It has consistently =zdhered (excant for one ninor
concession to the Air Forces, &nd znother to the Surzeon
General's office) to the basic policy of limiting the typ=s

of experimzntation to these of g well-tested and well-und=rstood
nature in order that the test may serve to correlate whet
ha pans to animals exposed to an atomic explosion with what

is being studied in the lszboratory. The biosstetistical sspects
of the progrem mey be considered to be rzpraseniztive of the
thouzht and plenning which have Zone into this operation.
Sven such fzctors as rre-test rondonization of the animals to
be szcrificed serizlly or to be shicr=d beck to the States for
long term s*ady have b2-n talen into considerztion.

B, TIrocursment end Logistics: well under cont rol. The

enimal colonies on Jzpten are thriving, the large animals have
bzen deworned and.are in zood4 condition, the effects of trans-
ocecnic flight on mouse colonies have been studisd, etc.. The
=nimal stations have be~n procur=sd and a-2=ar to have be=n

subjected to adecuate parformznce tasts.
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C. Personnel: Those whom I know are competent and well

cuzlified for their jobs. The persons in charge of the Bio-

r1edical program are scientifics=lly competent and have a good

practical understasnding of logistics and organizational problems.

D, Operations: The operational cspects of the ~rogrem

zve bean well thought out and will be rehearsed thoroughly

oy

before shot time. The scientific y2rsann2l will be kept out
of the fisld and will be responsible only for placing the
biological meterials in insulating liners which will thsn be
distributed =t the proyer stations snd collact=ed by comnpetent
7ilitary tecems. Thers will be five S-men recovery tszms, each
with & monitor from CGensral Coon=y's oatfit thet will be
res-onsible for placing znd collecting the liners. Cnly two
of theze tezms will go into arsas which will be rzdiosctive
&nd the other three will be used for collecting Tearse's
rzterial on non-zctive isleands. They will serve 28 resarv/2
teras from the point »f view of radisztion =xyosure. The tezns
will be 2llowed to teke zn aversge of onz roenigen of gamnra
rzdiztion per men (but TLe Roy bh=liesvas that this dosaze can

be incre2=zsed to 3 r ‘if neces<ary). The monitors will zct in
#n zdvisory casecity, but will rervort to 2 chief monitor
(Cant=in Height) who will “e with the besch master and will
ncve zutnority to ordsr evecustion., Le Roy will be in a

boat ne:srdy =nd will b2 in dirsct comunication with the %sams

znd with the beach mzster. The groblem of recovery of biologicel
1

meterial shou t prove to be difficult. T“he station design

o
srovides,. for elternzte nethods of racovery of materiszl in

c=se the usuzl methods of evzcuztion cennot b2 used. The

rediztion hazards for this type of zn ev~losinon can be estimated

with ressonszble accurscy #nd should not be =erious--150 =r per hour
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is exzectad to be the-highest rediction intensity which the teams
will encounter, '

It will tz%e about 4-5 hours to distribute th= animals
before the shot and about 2n ecusl time to return them to the
l=boratories. Immediately after the shot, & helicont=r will
Zo into the aress, give the sll-clezr signal, collect a Tew
neutron indiczitors and do minor renairs concarned with zir
flow into stations. A special crew will arvive by s-eadboat
da

D

on the island within an hoir after the shot, will be jrrepzsr
to repnair stations snd to obtezin the first two —airs of nigs and
dogs for serial sacrifice. These cnimals will He r2turnsd to
the laboratories within thres hours after shot time.

. Cver-=211 Tl=zn of the Creraticon: will be given verbally.

IT Biological iaterizls to be used =nd Metheds of Disrlsy:
A. Types of Materials: The biolngicsl materisls to be
displayed differ for the itwo tests in the following wey:
Test 1.” 1, 3Biological Dosimeters
a. Corn in packets (for high flux neutrons
b. Tred-:scentia (inflorescences and
nlents to be used vrimzrily for
lovier dcses of neuitrons)
c. Micz (thynus-spleen weight. change,
to be used for both gzama reys
end neuts.)

2. Mammsls (Survivel vs. distonce)

2., mice
1. T.D. s (30 day)
2. 1long term effects
ﬁun‘\lEs A. Zenma rey survivsors
LY Iy
119‘373 S b, n=2utron survivors
b. pizs
ba o
. dogs <)
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3. Mammels (Special Studies)
a

1. serizl sacrifice
2. hemztology (? 2lso »igs)
4. Memmzls (Thermal effacis vs. distance)
a., dogs =nd piss (1:4 ratio)
1. three tests per enimal (time
versus effect)
2. thr2z tests per znimal
(wave length vs. effect)
5. Rediation Mezsurements (by Bio-medical group)
a. Radiznt "nergy (to be messired by N.R.L
1. total integrzit2d4 dose =i

2ach ststion to be measured

a
b. Ionizing Radistion
1. !Y=n-siz~d laminated masonite
Tvnentons:  Sach will contzin
film and ion c¢hambers to
give &n idea of the
homogeneity of the incident
radistion and the zmount of
scattered rsdiation. A —air
of these phantoms will Dbe

ed £t =22ch large animal

3
4
Ay
0

station (with szme zmount of
shielding); others will be
~laced 2t closer end further
~oin%s; and some will be

rlaced in stenderd army tenks.
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2., TLucite spheres ranging from
5 to 30 cm. in diameter. A
graduated series of spheres
will be susnendzd zt each
st=tion (? large 2nd small
znimal stztion). They

cont-in film pnzsckets and

ion chambers (hizgh szturation)

end arz d:signed to give the

radiation d4ozes in sir.

3, Mouse Fhanioms: Mouse sized
o

t0 be mnlsced &t esch mouse

station.

cks contsining film

A. Other mezsurements of neutron

snd g=mma rz2y intasnsity and

spectrum will be med=s by

‘ N. R. . znd Tos Alzmos group.

=]
b

N

ct
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1. biologicsl dosimetry

N\

. mouse survival vs. disiznce

thernal effects in lerge enimecls

&~ W
£ ]

. dlonizing and thermsl radisy

Dxposure 3tetions: Txcent for the bioloziczl materizls in the
drone plenes, 1l biologic:l stations are on thz ground (or on
floats) along one of saveral nezrby rzdii. The stztions are of
differsnt ity es snd are designed to withstsnd varying zmounts of
blast #nd to shield egsinst differ=nt tyres znd =zmounts of
ionizing radietion. All stetions exceont those in the plenes will
have individusl cells for the animals s well s & continuous

rocord of the taqﬁ%xatu;e and vnrassure, automstic airflow (which
CRB2Z ARIZSHIV/ILS
4

2. Studies by Bio-mediczl group limited to the following:
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shuts off temporsrily after the shot to excluds

seible

contaminztion by fis-=ion products.)

1.

Typa 1:

Tyce 2:

Type

VS LOE Amuie il vl

Ground Stetions:

To house vzckats of corn. Don't know

details of design but will be very close

to tower.
Hemisphere tyre sisztions for neutron

dosimetry. IH=s
out zlmost 211 gr 17 reys by mesns of
~einted on the out-

6 in. leyer of lead

side vith cadnium,
will

of

Cnly reutrons ebove therwel energies

stetion. Thne attienustion

will

enter this
chnstitute less then
totel. will be

stations for neutron

the n=uts,.
20

. -
eight of thza=

n2r ¢=nt of There

dosimetry conts ining mice, tradescantia,

mo e phzntons, personnel and neutron

dosimeters; eight adZitional stztions
onta

will ¢ in mice for neutron survivel

studie=.
Cylind=rs for g:=ms ray ex-csures of mice
ir. TPweniy-nine such

and tr=d-z:=cenv

ol

stztions farther zway from tower than

typ~ 2. i1l contsin 260 mice =2ach for
gzma ray dosimetry, lethzl dos2 and
gemma ray survivel studies.

Targe rninel cont iners shield=d from

af7ecis for gomme ray mortality



znd serial section studi-zs.
Type 5: TLarge rnimel st-tions for thermnl effect
studies. ‘nim=ls sre saesthetized and
held in nlzce z2geinst guszrtz coverad sxntsure
norts (the cusrtz windows will shield
cgsinst scnd blect eflects). In those
ports, where time ve. effect is =tudied,
the sizral is tsken from the flash by =
ohoto=lactric c211 (czlled "bluzbox®,
aprerently very reliszble signal corps
ecuipment).
2 Jrone ‘ninzl Chegbers: Mice arz ~lsced in tvo commariments
of the drcne fuselzge, Individusrl c¢ells zre not used. In
one coarsrinent, the outside =ir contsining fon. is
=dmitted. TIn the second ¢nmnartment, the cir is filtered
end mice =nd trmdescantia inflor==cence are used =s inte-
ters. These de3izns have been tested out =t
Sendia. ilce withstand the lowered temzerature and ovygen
n w2ll, Tests zr=2 also being conducted on r=distion
1

ensio
effects at sinuleated pres=ure and temperaturs ¢t Los A

ITI Deteiled Ylans of Indicidusl Txperiments
A. Bioloziczl Dosinetry
dispronortion:tely large

0

1. Jlorn: Corn undergces
‘number of somatic mut=tions when ir-sdicted with
neutrons. Tack=2ts 0f %ernels will be excozed to
difTering emounts of radiztion renzing from a
mwinimum of 15,050 gzn—z roentgens =nd 1019 neuts/c:n2
to a maximum of 30:,0.5 zm-m= r and 1015 neuts.
Closest stetion will b2 30D yards and recovery will

be delzyed for severzl days. The seeds will be

* US DOE ARCHIVES q,



studied by Anderson of C.I.T., who made observetions
on the Bikini corn. Controls have been studied
cerefully with 250 k.v. x-reys znd wvith water boiler
neats. at Tos Alemos.

Tradescantia: InZlorascence will be placed et

close stations znd plents at f=r stations.

Dr. Conger of Czk Ridge will be in charge of

this study. JSmears of the pollen will be mede

at 21 hours snd four deys after eyposure (the

two clessical times of study) and scme of the
scoring of the chromosome breaks will be made

et Japtan. This tyne of study is of perticulzar
importznce in the stidy of neutrons as the

incr=ase in breaks is not (?) linser in the case

of gamma rays when the dose axce=ds 250 roentgens.

I »nresume that the neutron studiss with fission,
pile and cyclotron neitrons such &3 have been
rasorted in the literatare are being continued.

“he tradescentia will be placed in the hemispherical
stations where they will receive an estimated

1010 to 1013

then 30 gamma rcentgens. They will also be

neuts (largely fast) and not more

pleced in the cylindrical sitztions where they
will be exposed meinly to gam2 rays.

Mouse splean-thymnus weight decresse: This is

en ax¥cellent =nd novel ide=, but it is the least
well explored of the biological iests (excer

for the inhalstion). Carter at Los Alzmos has
studisd this problem thoroughly with neuts. and
photons of different energies =nd has calibrated

the weight d=crease in these lymphoid tissues

T USDLCE £ARCHIV
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for differsnt rzdiations. Ee has desnonstrated
excellent families of curves which =<how, for

exenrle, a decrease in thymic weiznt of 35 &nd

250 and 1000 k.v. x-rays. The sple=ns are

10 ner cent respectively for the same doses of

weighed immedict{ely after sutopsy of the animzals,

but the thymus is »nlaced in formelin over nizht

to permit easier se2parciion of the fat.
senarate welgnings will be done in psired

weighing bottles for =ach te23t. He has five

bzlences, 2 rexulsr steff of seven and
seven other helpers to his grouv afte

-

on Japian on the generstion of mice

actually used in the first test.

Mouse Experiments (other than 1

d
the LAF strain are being used because they zive the most
.t

consistent data on mortality studies sccording to Cronkite

and Lorenz.

r
A trial run using 250 k.v. x-rays will
r

osimetry) The ¥, hybrids of

ezch test.

be conducted
nwraceding tnhose

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

for gamra rzys. Thare +ill ba %

hi
2zch sex in the twenty-nine cylind

riy enimels of
T

ical st=tions,

which are so plzced that they will receive increasing

ink these animzls will be =zutorsied.

thi
should be rzcoversd in 4-> hours. Lethzl dose

studies under simulated fi=2ld conditions heve

been completed at Huntar's Foins.

“ JE —~ ~
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T"he probable dose renzge which will be c¢overed is
40-1200, but it may be 50-1400, or 30-1€00 r.,

d=2pending u-~on the bonb =f iciency. 1 don't

s25 of gamma rays in increments of 25 roentgens.
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Long term effects in survivors: The life span,

tumor incidence snd catarzct induction will be

stidied in surviving mice exposed both to neusrons

end gamma reys.  These 2nimels will be sent b
[e)

2air to Turth at Cax Ridge {-r observation.

a.

Gamma ray survivors: There will be zbout
200 znim=21s at =2ach of the 29 zama ray
stations ezrmarked for long term survival
studizss. ©ollowing the shot, they will

be pooled in grouns of four {covering a
dose range of 100 roentgens). Not more
than 4200 animals will be returned to the
states. They will be accompanied by controls
(? how many) which will be givsn ecuivalant
doses of 250 ¥.v., x-rays (for each individual
group, not the pooled groups of four)
according to the mouse dosimetry nme2zsure-
ments (My own onrinion is that since moise
dosimetry is z rather new tool for cali-
bration of radiation they should 21so have
control &nimals given doses based on the
“hysical measurements of what the animels
received. This would alley possible
controversy in the future 25 to the -signif-
icence of the resulis.) The difference in
1ife so=n, tumor incidence and catzract

development between the animals exnosed in
the field &nd those given ecuivalent doses
of 250 ¥.v. ¥-rays will be studied. Only
200 non-irradisted controls will sc.ompany
he =2x7ncsed animels. The statisticians
felt that no more were necessary since the

differenc=s in long term effects betiwe=n

S, gy
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unexposed animals of this strzin end those
given various amounts of 250 k.v. x-rays

have been w21l esteblished.

b. Neutron survivors: The survivors of the

eight neutron grouns of neutron-exposed
animels (50-~0 per group in hemischerical
ststions) will =z1lso be returned to Furth.
They will e exposed to ap roximately the
following nuwmber of rem of neutrons:
14, 40, 70, 140, 560, &nd 1120. I don't
know how they are Zoing to control these
groups (I sus-ose by uneymosed animzls).
Inhalztion SZxperiments: Groups of (?) 30 mice
will be =nleced in the fuselage of drone planes
and the outsid- air including f. p. will be
egdmitted throusgh louvres into their container.
4hen the animels are returned to Jertan, they
will e szerificed s=2rizl’y. The lungs,
g.1i. tracts, skin and czrcasies will be
pooled, frozen and r=turned to Los Alsamos
for as=ay. The totzl rmdioactivity of the
orgens, &nd thzt due to molybdenum, will be
d=2termin=ad. In this way it will be pocszible
to differentiste betwe=n f.p. d>nosited on
sv¥in =nd subsecuently swellowaed from that
inh2lad. I don't ¥rnow what kind of physical

air semrling d2vices will be used to control

d
this ex—erimsnt other th=n those used to collect

semnles for yi=ld chenistry. This i3 one of
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two instances in wnich there has been a

minor deviation from the program's bhasic

rhilosophy of conducting only well understond
231ly interpretable exreriments. The

significance of the mouse inhalation datza

will not be cl=ar, but the Air Forces have

be n =xtremely =2ger to obtzin this informz=tion

which #1thouzh vonr, they T2l is better thsn none.

Targe Jnimsl Studies:
Fizs end dogs (foxhounds) will be used. Thars is some concarn
czovout whether the pigs will be amz1l enougzh to fit =ome of the

contéiners zs an error was made in the time of brsading. This
ogether with the slight d:lay in the shot time has caused
enviaty particulerly on the part of Tesrse's group 23 to whether
the snimals will not be too large 2t shot time. The veterinzrien
in charge of the rnimals is confident thzt he can hold down the
w2izht 0f these enim=ls to 70 ner cent of thet formerly exnected

withoat interfering with the hezlth or nutrition of the animals.

1

e Roy is 3oinz to send word to Fecr=s £s soon as he arrives and

-7,

lozks over the situation.
1. Tonizinz Radietion:
a. mortzlity versus disien
stations each conizinin.
at 75 roentgen interval

rengze of AO to 700 Tt of gzmma radistion. o

¢']

testing of £ny sort will be done on thes
animel=~, %11 desths will be zutopsied.

Todzschrome films will be teven of natholozicel
spacimens and some of the gross orgsns will be

embeddad in plastic ¢nd szvad for tesching purposes.

WS DCOE adldl duw 7¢
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Lethal dose studies have be~ n done on
the seme strnin of pigs at N.R. D. L. with
1030 ¥.v. x-ray3 und=r conditions desizned to
simulete those at the test site. A walk-in
refrigerator has been ravamped to ayrroximate
the temperaturs, infra-red light conditions,
meen numidity =nd mininum eir flow at stations.
Animz1ls sr2 given 4 5 hour rides before and
aftter irredic-ion in clos=d trucks to mecke
axnosure conditions &5 nzer &S possible to
those in tha field. Jog exneriments of a
comprr~bile nature will be completed soon. Ho
mori=zlity =tudizs will be done gt test site.

Hi=ft2olozicel Studies "hirty-tvo dogs will

ha eynosed to 2 30 dry T.D., 103 (ep-rovimately
550 gosmz roentsens).  They will be sscrificed
on a rrndem bssis two =t 2 time. The times of
szcrifice heve not he-on docid d definitely and
will d=pand upon the outcomz of current studies
at the N.R.T.. It is probable thzt three
Zrou~s will be szcrificed during the first
24 hours znd then ona rair per dey thereafier.
Comn ndear Tullis -+i11 b= vroject officer in
chrrze of these siudies on pigs, while
Or. Arthur ¥. Zziton (Navy) will conduct the
stadie= on the 4oz, (ZoY. De Coursey will
not periicincte in this worr.,) As fercs I

11 From t7lkinz to the pathologisis at
Rochzster this desz 2lone should give
inforaation vharsby the ecaiveleant doze of

1000 ¥.v. x-r2ys cen be determined to within

?

50 recentgens. These z2nimsls will 21so be used

U



for deily hemztological studies mentioned
below and the blonod of the dogs will be saved
for chemical studies.

c. Blood Counts: To be done dcily on dogs and
pigs by Commz=ndar Cronkite.

d. 3lo2d Chemistry: 50 percent of the dog blood
&t autopsy will be =szved. The plasmz will be

senareted and frozen. The following studies
are contemplated:

1. oplasma fibrinozen (?? by whom)

2. non-prot=in bound iron (Chznutin)

3. serum potassiam (Hastings)
The remainder of the plasma will be stabilized
and pressrved by pessing through an ion

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

Thermsl Radiztion: There vwill be five stetions in the
first test, six in the second, =&ch contszining elevan
enimals (three or four pigs for every dog). Zzch

enimel will be anesthetized and h21d in place against
the vorts designed to admit non-ionizing radiations of
differant wave length or =t different tim=s after the
ex~losion. Three com®binations of biological mezsurewments
vill be mede--the first, the thermsl burns versus tine
i.e. durinz the first 30 millisecond interval after the
e¥plosion end during the veriod thereaftef; the second,
the burn nroduced on skin grzdually exnos2d by a sliding
srutter which op2ns at a definite rate of speesd, and
third, burns produced by svcluding certain componants of
the 1lisht spectrum, i.e. by filtering out individuslly
the uliraviolet, the visible, 2nd the infrared light.

Zzch of these tests will be car ied out on both pigs znd

US DOE ARCHIVES oY
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dogs and each will have its own control of a small port

vhich admits all of the thermel radiant energy. The only
studies which will be made on the burned areas are

1) description of intact lesions, sup-lemented by Kodachrome
photography, and 2) histological exzminetion of biopsy specimens.

Another »iological test that has just bean includzd at
the recuest of the 3urgeon General's Cffice is the effect of
thermrl rediztions on small niecas of material in contact with
the ~kin. Twelve such tests will be made on four animals in
the outer station~. (This will be integrated with the materizl
testing rrogrem being car ied out by the N.D.R.T. Bech
station will have zn integreting czlorimeter which will
mezsure the total radiant energy. These instrum=snts have
been desizned so that their racords of total energy can be
broken down in terns of N.R.T. dstz into time and spesctral
distribution.

The stations are nlaced so thst 2 large renge of energy
is covered, It is estimsted thet the minimel enerzy studied
during the first test will be 3.3 to 3.3 calories per sa. cm.
while the meyimumn will be 57 to 125 cal/cmg. A comparable
energy range will be studied during the second test. The
minimal energies zre ap roximstely those recuired to produce
threshold effects (5.7 cal/sa. cm/sec.). These estimates
of thermal energies sre cuite uncertzin. They d=pnend upon
who mzkes the cclculation =nd will certeinly vary with bomb
efficlency, atmosoheric conditions, etc..

These studies hzve bzen well conirolled by prelininary

experinentztion hers at Rochester. 131 individual tests on

JCNNE ARCHIVIE qg
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anesthesiss have been made under conditions which simulate
those in the Tacific. 40 large suriesce burns have been
produced by the scenning technic utilizing the focussed
bsem of 2 large searchlight, and 126 smzller burns have

been produced with mzgnesium flares.

v Impraszion of Vzlue of Data which will be obteined and problems
left unsolved. |
I don't think that the bio-madicsl prozrem could have
been nl:nn2sd in a more direct or simple wey in order to get
the desir:d informztion. Jome of the tests are morz strzight-

Torwerd thzn others and probably heve a btetter chence of
t o~ v -
PRI B e N AT S |

giving goo>d data. Thu:;uthe biolozical dosimetiry 1is not

subiect to the meny unkrown verisbles which determine for

evample survivel studies. These tests se=2m to me to be

excell=ant ¢nd should give valuable inormetion. The lethal

udies are =sound, althoi1zh unexnected varistions in radia-
(due to bomb efficisncy) msy interferse with the

interpretation of the large animal studies which are based

on 2 relstively few groups of animzls. The mouse survival

studies shouald give good mezsurzsz of the nszutron end gamma

ray effects vrovided that some of the intengible factors of

hamztol -

o

this type of study do not distort the re=sulis. Th
ozy and histological studies, although perormed on a limited
nunber of snimels, should also zive go~d dzta. The numbers
of rnimels in each zroup is statisticelly sound, but I am
enoigh of a biologist to feel the=t the semvle size mey
on the =m=211 sid=. The thermal studies hzve be=>n very

T

thorouzhly »lenned. The factors which could interfere with
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the obtzining of Zood results are 1) poor placing of stations
due to misczlculations of the thermal energies and 2) the
ro3~ibility theat the pigs will be ton lzrge for use. The
dets £ -om mouse inhslstion studies will be difficult to
inter-rat 27thouzh it may give some clue to particle size in
tne cloud.

At best, zood datz will be obtzined correlating biological
effects and shy~ical measuremnents. This 3hould help to
solve the discresancies in the interoretation of dosege in
the Jepznese and the arguments 2s to dose-intensity effects.
If the results from the various tests should not jibe or
should conflict, it m2y still bhe -os ible to discriminate
between irue and sy»urious rssulis. The problems which will
not be solved by this test are imnoszible to anticinzte, but
my suess is thet if you £rs planning snother test, the dose-
intensity cuestion should e considered as the most li%ely to
ba «till in cuesiion. Another practical piece of information,
which can >e obtzined in tiwme in the lab»oratory but which
could %2 determined (with limitations) at a later test is
the conmbinad effact of ionizing and thermel raediztions on

large znimals.

Hote: Donaldson will not participate in test znd testing

like that done at Bikini will not be carried out.
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