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Pro.iect M-1 - Earl,v !Jathological changes in radiation illness. 

Ob.iective: To obtain animal tissues for pathological study during the 
first 24 nours following exposure to intense ionizing radiation. 

ifothc.d: The experise ntal design anticipates the use of eauipment developed 
under Project 7.1-17/RS(BM)ll+ at Eniwetok during Operation SANDSTONE. Four 
(4) animal tanks suitable for pigs or dogs were tested on land and on floats 
off-shore during tests X-RAY and Yoke. The tanks on rafts were least damaged 
and .raost readily recovered. It is planned to place about 24 animals per 
test in 12 tanks on floats to be anchored off-shore at cistances from about 
4CO to 700 yards. T!:ese t:mks are to be recovered as soon as possible after 
detonation and the animals autopsied at predeterr:tined ti:r.e intervals during 
the first 24. hours. 

Justification: · ie have little information regarcing the early pattological 
changes in radiation illness. It cannot be obtain8d from either the Jap­
ar:ese or Bikini data or in the laborator::r except with great difficulty. 
Th;;; co::tenplated experiments will furnish in:L'or;;a ti on in this phas8 of the 
radiation illness problem. 

?ro.~ect c.~-2 - Relation of distance and physical dat3. to morbidity and mor­
talitv in rnimals • 

Part a. Air blast study. 
Part b. Thermal r::i.diation study. BEST COPY AVAILABLE 
Part c. Ionizing radiation study. 
P2.rt d. Combined effects. 

b.4ective: The objectives of this project are essentially four-fold and 
r,?lcite to the subdivisions of the title, Parts a, b, c, and d. An attempt 
will be made to determi.r.e the relative importance oi blast, flashburns 
and ionizing radiation with regard to morbidity and mortc,:lity in severc.l 
animal sp;cies st,;cn as mouse, rc.t, gu.ine2. pig, rnbbit, dog, and pig. The 
individual objectives r.:re as follao1rn: 

a. ~o study clir0ct air blast injuries in several animal species with regard 
to peak pressure ~:nd duro.tion of shock wcwG, :::..lso mechnnism of injury. 

b., To study the; relation of mortality to surf:i.ce cirea md degree of burn. 
To corrcJ.E te the pathological skin changes with the intensity and ,...uality 
of th.:o therrnt>.l rccdi'.ltion. To compare the physiol"ogi cal chang8s in skin 
produced by r,,tomic bomb flashburns with 12boratory produced flashburns. 

c. '.i.'o study the eff ccts of ionizing rc.cLltion upon several animal species 
::i.t v .,rious dists.nces fro:J. the oomb ,;xplosion ?nd to correlate the 38 effects 
with intensity 3.nd "uci.i".:y of th·::: r:.diE;.tiono hlso to cor:pare the known 
::i.ort::,lity of the vc:rio11 c: -~rc:.i·l speci:;s from l,JO'.) k.v, X-r:.::ys to that of 
·;,tomic bomb ioni:ci':'l~" r~ 1~:_ .. t: ., 
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d. To invustig~.L; th:::: combined offects of bl.:1st, t"ncrrnal cind ionization 
r2.c::i:1tion upon sirrLi.l<...r groups of sever:::.l '"'nir:i:::.l specL;s c.s used in P'irts 
a, b, :-:.nd c. .ii.n nttempt will be m~,d<J to dc;tc;rmino tho contribution of 0.'."1.ch 
of those f . ..,_ctors to morbicity rnd mortc.lity by diffcrontic-.1 conparison. 

~;fothod: It is plcnned to expose lm'go groups of S(::.V8rc'.l cnimal spccfos 
to giv0 st2.tistic.",ily roliJ.ble d".ta. unde;r thu following four exp0rir:untal 
conditions. 

a_ .Sxposurc to primary air blast injuries in c~.~ges dGsignod to give pro­
t0ction ?.gt.inst therm:.l anci ionizing rr.dia tion. 

b• Expo sun: to ther.:nal re.db ti on in cages dosign...:d to protect ~g.:o.inst 
blc.st c nd ionizins r;'.di.:ction. These studies will include the suscl::ptibil­
ity of flashburns co,".1.plicc.ted by ionizing ro:·.dia tion to v2Tious org~:nisms 
C!S StCLphylOCQCCi, strcptOCOCCi, 2fld clostridiwn Sp0Ci3S. 

c. Expo surc-J to ior.izin~~ rrcdio.tion providinto; compl.:.:te protection r<-ec,inst 
bl<1.st ::.nd tl-wrm~l r:o.diei. t ion. 

d. Exposure to tt.e cor.biD<.:;d effocts of 2ir blost, thermal cind ionizing 
r~J.L:.tion in c«:ges designed to give indir2ct hl::st injury protoction only. 
Studi"s will 3.lso be m' de of the normally oc:::.irring bo.cterLJ. florn of the 
respir:.ctory, g~:s tro-intestinf:l rnd !:lUcous mc1I1.brCJ.ne surf c.ces of the sc animals. 

hfte:;:' 0xposure thu vc:rious croups of <.nimals ·,vill be rc.::noved "'s soon as 
possible c.nd rdurnud to the ':Jrc·:::d.i.ng colony (see Proj<:>ct 6) for study nnd 
disposition~ Most of the animr:ls will 'o.:.: c.utopsied 2t pr0d.:.:termined in­
t.~rV''.J.s to follcm th.; ph~rsiolo;;ic:'.1 ,_._f'd p:ithologic:.l chc:>nscs r(;lnt.:.:d to 
th.: s0v '3ral types of injury. It is r_,:ticipc:ti:;d that few, if .'.'ny, animals 
will be returnod .'llivc to the United Statc::s. Eowc:ver, ~~ v:cry lc.rge nu::iber 
oi' tissuo specim:;ns will be preservad for study. It will be necoss£1.r,y to 
c,utopsy n r".th~r lnr£:,o number of der-.,_c< :mime.ls immedic.t0ly upon recovery. 
It is consiccr2d thc.t this cDn b..;st (;e done u.boc.~·d th..; labocctory ship 
(see p:r::gr::.ph 4). Th0s0 studie:s to iGcl:J.dc:; the bD.cterio.l c;xrunirn:.tion of 
th,; respir~,tor;;r 2nd r,astro-int .,stir::'.l tro.cts. 

justification: C'crcful:.y controlled c.nd st.etistic.c.lly reliable t2sts cor­
ralc:'ctin,:s :=-..ni.'T1al morbicity and ;'lOl't<,lity with type of injury and distc::.nce 
rcre indicated in order to relE'.te 2.abordor~r c:,nd fL;ld t<::st date.. The 
Si!dni t.:;sts ::--..rr.: i;i:::dequ;:: te for tl-::is purpose since too few P..nimcls wera lo­
ca.t'--'d ·-:t 2ny one stc,tion c:.nd f~ctors other than dis ta.nee varied rnr.rkedl,y 
fron st2.tion to st:.:..tion. 

Corrr:mts: 

P2.rt ~1. Cages sui:;ablc· for tL.:; exposure of .:,.r.~.CTs.ls to dir,0ct air ble.st 
'"ff0cts were developed :-~ Inyo'.(ern ,_mdur tho dir·3ction of G[j_pt.1.in R. H. 
IJr.:o,,.:;;:~r prior to B.;.kini. lfoc;j ;io,tions to isol::ct<; ths injurious f<lctors 
E'.r0 plrcnncc toi3et'.-:.~r wi -~,l: fG.""·,:1sr testing of tf-10 0cuipmcnt. 

for this invosti-::: ',~.-··, '-'. nr.?,~ion ~:~~3 ::..:::.;~ r1;en '.',rrang0c with Dr. 
H. :S. Po.srse, Ur:_;-,;L-:: .. ·t Lc:;chusr_T, ·Nno 'i·.'ill ,0 ssunc tho :na.jor responsi'::jJ_­
ity of the; flnshb;_u·L 5 G~·';· DC SLl~>plj S'JV-.:r<:. :l.SS_:_sta:ts. 
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PG.rts c 2nd d. Tho extensive studies of the Bikini 'rnimnls e.nd lethal dose 
studios in various anime>l sp2cies at !HlRI vri.ll be; irwnlutiblc in th•:.:so phnses 
of the r2.di,"tion illness stud2r. n. strain of mice is b-Jing brl'd CJt thG 
Nrnn which is luirdy, prolific, ~:.nd presents a uni.fon~ response to 1,000 k.v. 
X-ra.~rs. Comparc,blc r2t, ~'.uinaa pig, r2bbit, dog CJJC pig bn;eding stock 
c~n ho obt~inod. 

Pre .i<;ct E-3 - Effects of ionizing radiation on biolot:ici":.l \T"crf,;re c.v::;nts. 

Ob.i2ctivc: To study the; r""action of B.W. ag·3nts to e:tonic bomb ionizing 
rccGintion with r_spect to surviv;:cl .:.·.nd gonetic cl;<~::1['2So 

H...;tbod: S-.:;Lictod B,',. a;~ents will be prcpc.r.jd by tbu Chemicr:l Corps, Cc..mp 
DiJt:.·:1-ck, for 0x:=;osLff0 to "tomic bomb ionizing r11c~L::.tion. This :nat..;rial ·:rill 
th.::n be 0xpos0d in contwin0rs siI'."iilrr to thos•; us<~c during Or;Gr::.tion SAND­
STOLE. Upon recovery this :rcturial will bo l'E.:movcd to an isolaL,c;u L.bora­
tory for study. 

,.Justificc:tion: Sinco B.1.I. r>.g.;nts md r.,'1i. agents might be cnploycd togeth.:;;r, 
it is important to d0L;rmine the off octs of ionizing r:>_dir.tion upon B. y;. 
::gents. It is lmO':m the.t u. h...;avy dose of ionizint; rGdiation (25 to 50,000 r) 
will idll a l<crg::; perce'.1tni::c of r:mst be.ctcria. liow.:::ver, little is known 
rog:TC:in:s the virulence of th-.:: survivinp; organisms or th.:; effuct of Si:1e.ller 
dos::;s of rndi.~,tion on the :)crticular or.s;".nis.'.13 unc::;r consid.:;r:::.tion. 

Corrr.icnt: E;zpGrbnce with tho p::.ck=.ging of biologic Js1tori.sls both :::,t Bikini 
~nd ::~nhwtok m!lke possibl(~ th..:J oxposure of this mcL:ri:i.l without hc:z:=trd. 
i:one of the.; contcciners us::;d at :Sniwctok -,;,_,r::; broken open in spite of hr.ving 
b::.ien oL cod very no1ir 1:.o the boL1b ::;x;;los ion. 

08j,)ctive: To study thv rv:·ctions of exp::.:rL.t . .;ntci i'.nirrt1ds r.:;c:,iving sub­
bthd. aeounts of ionizinrs rn.diction to B.Vj. -'.lgcnts with r'.::spect to rcsis­
trnce to infection -,nd p2tholocic:·_l char;:;c:s. 

;;:..othod: Nornnl .:;xc~~·rin_,n tcil :i.ni.r:i=ls will b•J 0xposecl to subl::::tnnl dos ;s of 
atorric bor1b ionizing r~:di2tion '.:lnd tL::m c:(pos0d to 3. i. "~unts in iso::..~,t-:~d 
lc:bor~ t~ry. 

Justifi~Lction: It is iillown th.::t th~ susceptibility of 11.'_boru.tory C'_nimE,ls 
to cort[',in -oactGrial. inf,..;ctions is incrc; sed by c,ot.-cl body irr::.dLtion. 
Also orL of tho s0rious co,:,,;lic:.tions of radic:tion illness is second.,xy 
inft:>ction. Th.JS8 f~lcts su1c~~'°st that B.·. :ger;ts ::::..y bo ;::iore cffectiv.3 if 

, - - · ' 1 "' ., - .. ~ · · · -- d · ... . It . . b1 - t"1" 1-coLcDln8 d w:::_tr; sub~·_;L,Ec..L ::'.osos 01 ionizing :--r: ,:;_2..,::_on. .LS possi j_~ 1 '"" 

srn,_ll dosvs, produci!'l · li'.:tle or no syrapto::12to:io;-:y, m::.y (jxert a mo.rk.:d 
ef:ect on sl1sceptibilit~c to co;,.p~T2.tiv~:Ly non-vinilcnt or::;;-.nisills. This 
proje;ct is pl::,nn8c:! to inv ,~,3ti('.' •~., t:-;,:..:scc: prob:::..::1 s. 

?rojoct ~~5 - Effects ~co~ ? 

Ob1octive: To exnc_, 
:~xplo;:C"On (blast,--,],_ 
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" T • • ' ' !3 n t (h -l ,11ethod: .1.t is pl.c.rn:.'1z1 to e,zpose slLiU.L~~t00 .~. n;;en s ;.J.rmJ.:3SS 
i:lS o. contamination of building surfaces, plants, soils, etc., to 
bo;:ib .:;ffects c.t s;.;v__:r,~l c1istancc·s ;:;.nd aftenmrds collect samples 
A minimwn of e::'fori:. ?i~ll o.cco;:1plish this nrojcct ." !Jo complicated 
2.rc; involved. 

org311isms) 
2tomic 
for culture. 
logistics 

Justifier~ tion: This project suppl~r:Lmts the inf orr:::i tion 0.xpected from pro­
jc::c:.s ::-3 ~nd :>L.. lt is d•Jsir0d to 0.,phe:.siz3 the possiblo i1:iport2Jlt rclil­
tiDns b-Jtw..Jon A. 1;. '.'!ld BJ·I. Tll2s0 proj-::cts should be rc.tion::i.11,y consider,_~d 

2.nd not disuisscd bec".usc of fe2r of B. rr. c.~r;ents. 

Fro.1cct ~~-6 - The effect of ioni'.3ing r2dL0.tion on oral ti:osucs r,nd structur3s. 

Ob.1-;ctive: l'o dckrr~in: the pclthologic effects of ionizinr; rndi::tion on 
or~1J.. tissues ~.nc stYUcr,ure incL1ciin•::: the j.'.lwbone, t..;eth, dental pE;riosLmr.i, 
dont.::l pulp of 0xp2rir::c;nt.2l r.nir:;o_ls ~on '?.. norr:ial ~:nd c~· riogunic di,;tury 

Liethoc: It is pl;~nned to study t,t;.,; oro.l structures of anir:m.ls -~x:oos0d to 
ioriizin:· r1:1.dic,tion ::s outlin~d in Projucts t:o. l :~nd 2. Sor:tu nnimnls kvpt 
on :::. c~Tior:'-':1ic di ;t will 2lso oo ·1xpos'Jd =~~d studied. 

Jusi:,~j_fic:l.tion: Si;'lce or:1.l tissu'-'s c re known to b'~ affect2d in rc::die. tion 
ll.Lnc:ss, it is d-..;si:::':::Gl:=: to r.K:k:; C.'Il extonsivc stu:Jy of t:,..;se pc.tthologic 
ch~·.nr;us. 

Eff8ctiveness of thurac~utic a~ents uoon r~di2tion illn~ss. 

Oh.i•::2tive: To ev.'.llu::cte the 0ff·;cti·l2n-:;ss of va:::ious th0r::i.pcutic c-_13:c.;nts upon 
th.:: histologic ch2.ng;;s :.nd mort:C::.ity in :::nim<:~ls E:::X;iosed to c.toritic boctb ioni­
ziru_:; rc,ciation. 

i~utl-rnd: It is p:l.1'.nncd to utilize p< rt of tho ccnimo.ls l>Xposed under PiTt 
c. of Proj0ct E-2 for tr::; evaluation of th•.;r:'.p.:;utic agents of possible vr,luc 
in r:1di2tion illness i:--,cludin,::: ~ ntibiotics, ir:t3stin."l antiseptics, di,.;t::ry 
fc.ctDrs such c:.s hid1 c:r:d loN vi t::~-:-.ins utc. i-.lso nC:ditionnl th-_;rnpcutic 
:c:gc.:r:ts which rac-~y ~-<: clcr.'rJnstr2.tec1 to b::: of ve:cluc cuTing the next tv10 yc.::i:-s. 

TL0 u:itro2tcd cini,'1::.:..s of ?r.rt c. Pro,j ;Ct ~,-2 wi:a serve ns the cont,rcls 
for t~is study. 

O'::i.4·->~tiv c::: To ·__;':2.luc- t:J L1e rel~ ti'! c i1,:portc.::ce of vascul2.r injur.;r, thror;:­
boc_y';op.::nia, circul .tinp; ~r.tico· ,":ulants "nd ~.o::z,_ci~1 in the production of 
th•.:: :io:norrhe.~ic s~.rndro;~1:; Jf :" (i '~ti on illness. 

~ 1Icti-md: ~nir:rn.ls irr~cli.r t,c:c2 tlC ;r Pc:crt c. of Prc.j__;ct IJo. 2 will be US(;d for 
t:-iis st~1c;y.. Tl.is i.r1V,'st.J." t~ -n ·-rill J.::cl:.;.C:~ tr;•; isurli clinicci.l procedure 
for th-.J st.:uy of }~;rJcTri.::-0 - .:..s--':cs'' :nci in :(r;i.ti•:;n ap;;ci~,l L:chnicu,:s 
such ils nL~csno. f:::-~~(+_~,,..,.,, __ : ._,,::- ti:-J ':_so}-:_,L,r: :' ;olc-•sc~. ;-inticor.ig:Ilants. 

Obj .ctive: To re: 
·:18nC of Eniwc~tok f· 
LO :A:-4) • 

·,. J T·- -, . --- . ~ - -.. ,_ 

1 •••• ,,__JtlL_L~ [1~1~~-~-Luc·t -"~ to .·~.1.,:; tropical 1..;DViron-
.:,~i_ --, .:lL ~ c. ~,ouic !:0:.:1

' L :sts ( s . .;e Projucts E-1 
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:fothoct: It is pLnnod to est~1 blish c;.n .~.n:Lr:k'll broGding colony on one of 
tho isl3I',ds n .. :;3.r Enhrotolc isl<nd p,::rhrrps ~Trrptan during the summer of 1949 
for tl1-:; pusposo of rc:..isin:; lc:-bor:,tor:/ ;nirrials of s .. .N:;r'J.l species for the 
c.tonic bomb t,_;sts in 1951. The spocics contoi;ipl,,,tod are the mouse, rc:..t, 
guinoa pif;, rabbit, dog, tnd pig. · 

Justifico.tion: Exo•.::rLmce e.t Bildni h:1 s shown th!lt the tr.:insportcition ;f 
lc.bora. tory s.ni.T:Lls i:1to tho tropics produced ;~urk);__; ph;,'siolCJgi clll ch:rng ;s 
suer. 2.s varfr.tion in the rod blooc cell counts v1hich .".l.:,ko the int.crpreta­
tion of 0xre:ri.r.i.cnt,i.l dt.ta ·J;:;ry difficult. i.ni:-12.ls rn.siec: unr'er tropic2l 
c;:,nc!itions 'Noulct be morG satisfn.ctory, r.lso stops coak be tr:kc:m to h.·,bitll:::te 
the n.niD1':J..s to U ... 0 p2.rticular environu,;ntal oxposu:rc; to which th,~y woulcl 
be subj,:~ct-.::(1 during thc:: oxposure to c:.tooic bor.:b ;;;fft:0cts. 

Pro.foct =:-10 Eff.:;ct upon flor2 ci.nd fauna. 

ObjE:ctive: 'i'o stucy the off.;cts of 2 tortlc bo;::b thermal rac!i~;.tion ·upon the 
anin: 1 ::cnc pl.c.nt lil~e such &s birds, insucts, and various pla.nts •-

'.fothod: In orc'.;r tCJ iI:ipL~csnt tl".c :::hj~ctive of this ~rojuct c:.rrmger,1ents 
h&ve b.:on nc:.C:G with 2genci..:s sL:ch ri.s the S;.:ithsonicn Institute u.nc I\;pci.rt­
.tl-"nt of i'griculture to furnish qu&lifi e;d porsonnol to survey v::rious forms 
of lii' e befor.e ar:.c 2,ftcr the bo:.:b c'.etJn2.tions. To be included '1.re Inverte­
brate Biologist, Bot::i.nist, Znt')etologist, Ornotr.ologist, Bc::.ct~riologist, 
::ir:c.: :li.crob.iologist. 

Justificc:,tion: ,,:<:rK~d oi'f0cts ,1c;ro noted upnn certain of tho pl<,nt imd animal 
life 2t Eniwetok. ?or ex2~<:lple: hundrec,s of bi:::-ds were grounded due to the 
singeing of tho winci;s, the lec;.ves of plants :c.nd trunks of trees were scorched 
in vo.rying degrees, It 2,ppears likely the:, t a survey of the 0ffccts of ator:iic 
bo:,1b thorn2,l radi:: tion likely thn.t a survey CJf the effects of atonic boe1b 
thernnl raciatiun upon pl ~.r.t life serve as -'1 v2.luJ.ble guide to th<J loc1tion 
2.nd tonage of ;m .-:itomic bor'tb explosion, Uc sysL!Dtic study of these effects 
hE~s, 2.s yet, been :r~::o.de. 

Pro:iect '.,I-11 The: exoosurc; of selected biologic r::& terial. 

Ob.iective: To e:·:pGse selocted biolcigic r1tc.t8rir,l such as seeds, insects, 
r,10ulC:s, enzymes, hormones, etc., to atonic bo!11b ionizinr-; radiClt:ion. 

:fethod: It is pl2nned to construct cont::-,iners simil2.r to those used ::~t 

Eniwetok tc 0xpos~ a ViTi3ty of biologic ::.~:1t;.;rial ::cs ':tbove em.u:10ratod. 

Cor:·Dent: This prcj·c; ct ~-1i:s_ include m2t:;ricl fror.i. the TIBDL, the N1·,ffiI, and 
US[A. Space v:ill b'-' ::.v,:.Llc.bl._; t,o expcse r:;:t0ri<ll desired by other ~roups 
fur study JS WRs cL-.onc: .':'c~· v.::::~~- ms collc:.borc.tors at Bikini and Eniwetok. 

Ob.i .:ctiv e: To deL 
pl!J.nt :ma ar.imc1.l l '. 

~~et:;.2_G_: It is p-:_ · 
r-,r~.:_ cc:·~tarainc.teC ; t ... -· ~ 

This will be o.ccu:. 
;f life such as p_;. ii --, '·' . 

,1 

, \ 

anim~ls. 

' ~·· .. diC'ac:.ive rr,c:terial by 
· c , .. :· ~-r.ic bomb explosion. 

:rcimal life in 
:_A· ,-1- -.1, __ , _;,J -:~_1.<_1·~--··,,::1_~_\- _, -·)ubstnr:ces. 

., ·-, ,) liri,; .,f L;0 :i · t ur :-~ll;/ occurrinf for" .. 

. ,,,_, :)irds. ~ 

'· · · c 1I1ergy Act 
Speu~ 
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fj i ldi1i ~i., rrs 

Conccnt: The rusponsE•ility for certain phetse:s of this project will be 
c.ssUI:1od by the USDA ·Nhc will suppl~r sevorc.l personnel. 

Facilities: In cJrc;0r to iCTplc.rnent th:; p:::'oj;Jcts th·.:: fo::J.:Jwing fociliti;::;s 
will b0 nec:d--'d• It is :x.pcctud that. these facilities will bu jointly usec 
by I'JiJH, l.ffiDL ::\nci oth•jr coll.::i.bor.-;tors r'.lentioncd in connection with the v<'.r­
ious proj;;cts. Tb_; s•_; f :~cilitie s 'Nould <>lso he av01.ilo.hle to ~)thL:r invus­
tig~.t.::>rs ci3sirins to cxtenr:1 thG scope of th:;s.J stut~ius. 

c. Lc..bor<'.t:,(:ry ship - this l:.borr.tory ·1culd inclu·'e b:Jtb physicd .::.nc1 
biolv:icc.l lc...bJr:c·tori.:;s :;..'l,: be si>c~rco by IJRI:L, NI:l-U, end oth(jr ccillahon:tors. 

ci. Isolc:.t--'C: 1: horc:tor:· - this lc:b-:irs.t--.'ry is to b,; usec1 by th0 Chcnical C:Jrps 
f::.ir pr.;·.io cts :-:-3 "Jld 4. There; is no plr.,n t.J c;::nto.minE:t:; this islcnc', the 
isolzl.ti:::n -D.3in~; r:!,rely r Si .;':':;ty pl'·ec::utiiJn sir:~e B •. i . .'.l:;crnts will he h<::.nc:leci. 


