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St'!?..TECT: .A:-ialysis of Biomedical Weapons E~~ects 

US DOE .ARCHIVES 

esrnm.326 US ATOl\fiC .. ENERGYi 

~~ : .. b\ COMMISSION 
TO: Captain H.H.Haight, USN 

Division of Military Applications 
U.S.Atomic Energy Commission 

f:o."ccf10n \"\ \\~v ~'(Std.yc\.._...,1'w\\c<*;( 

flox ]]7/ 
1901 Constitution Avenue, N.W. 
Washington 25 1 D.C. Fol<lc~ D\b \J b\.s -:Su\'i~(~-~<-: ~ ~ 

1. T~ accordance with the· AFSWP letter to the Services and other 
.;r_ten'st.ed azencies, subject: "Analysis of Atomic H;.:a.pons 'Zffects Program", 
dated 2· i~rch 1953, the inclosed information has been prepared. This data, 
relat'i n;: to the current status of kno\l'ledge in the medical and personnel 
efjects of atomic veapons, is specifically directed tovard operational 
reouiremer.ts. Certain medical aspects, such as therapeutic problems, have 
~ot r.een discussed es they are outside the scope of this study. 

2. The conclusions end recol!I!:;endations made in the study represent the 
on~n~o~ of the AFSl-1P. ~o elaboration is attenpted. Definite statements a.re 
~ade on vh1ch to ~ase discussion at the conference scheduled for 10 September ~ 
1~53 at Headquarters, AF'ffi1P, Washin3ton, D. c. Members of the Effects ~i 
D~ 's~or will present the current knovledge of basic physical measurements ~~ 
~ t tbe conference. ~~ 

~~'() 
3. It is requested t!'lat the inclc~u.res be re·.~1ewed so that these and 

A.YJ.Y ::iro:1lems that ::Lay ha'le been o;ni tted {;~ be ·evaluated by the technical 
re~rt"sentaU .. es at the conference vitb the objective of: 

~~ 
"'-l~ ~ l. 
""~~ ~ ~1.:.. - "' 

0 ~"' ~ a. Definitely estab1-ishing those fields of veapons effects in w ~ , .':?-
which strl'ficient information for operational needs is available and for whicB 8 , ~ l 
addit5o~al full scale test or R and D laboratory projects nre not required. ~ w

8 
~ 

~ IL ~ ~ 
~. Definitely estab1ishing a minimum requirement for additional z 0 ~ ' 

'f'ul l scale tests or R and D laboratory projects to fulfill o:perationa.l needs~ ?: ~ --: 
< ii'. "' 

I ~ 0 
1. The conch~sions of the scheduled conference vill be il"corporated in w.. :r. 

aTl o·:erall ef~cts analysis study. iii 5 
~ ~ :3Y CQMl,t~m m• YiAJ OR G.:::.:E:f'AI.. 

5 Ir.closures: 
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Incl #1 

Biomedical Air Blast Injuriee,Direct 

To determine the effects of direct air ~last on animals. 

A number of different methcxls for exposure ot animals have •een 
attempted including simple me~h cages, slidin&'cages, open end 
aluminum cylinders, and foxholes.· The various methocs, .with 
the exception of foxholes, were designed so as to shield the 
animals .f1tm secondary blast effects {missiles), thermal radia
tion and some of the nuclear radiation. None of the containers 
have been entirely satisfactory. 

The complex proalem of effects of direct blast resulting from 
atomic detonation has not been solved; however, based on direct 
physical measurements of blast, extensive laboratory high explo
sive studies, some human experience during the bom~ing of London 
during World War II and the work done in Europe during the last 
ten years, it is generally agreed that direct blast is not an 
import.ant cause of atomic weapons casualty production. Under 
unusual circumstances, i.e. certain types of shelters, direct 
blast might be the primary cause of casualties. 

Zuckerman states that the lethal 9last range for humans exposed 
to HE detonations is in excess of 350 psi although some of the 
above data suggest that the longer 9last duration of ABD blast 
waves may have a different· effect. Anatomical damage can be 
done at much lower psi levels. The range of damage to eardrums 

· is in the order of seven to twelve psi. Minute internal hemor
rhages especially in the lungs and gas containing abdominal 
viscera may appear at pressures in excess of 10 psi. Humans 

exposed to ten to twelve psi in f o.xholes at UPSHOT-KNOTHOLE 
noted no ill effects. 

~ 
Physical measurements of direct blast pressures following 
atomic detonation clearly demonstrate that fatal overpressures 
occur only in the areas where either the nuclear radiation or 
the thennal radiation will also insure fatality. 

Direct blast is not important as a casualty producing agent 
except under very unusual circumstances. For military purposes,\ 
the effects of direct blast of atrnnic weapons on personnel can 
be ignored. Casualties from blast effects result from indirect 
effects, i.e. missiles or bodily displacement by th~ 9,last wave. 

No further experimental work on the effects of direct blast 
as related to an atomic detonation is required. Special shelter\ 
experiments are being carriei out by other agencies and shoult 
be followed as they may lead to basic information of value. · 
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Biomedical Thermal Effects 

oBJECTIVE: To evaluate the biological thermal radiation hazard from an 
atomic d~tonation including possibl~ evasive measures, the 
protective ef£ccts of structur~s and sheltars, and the 
protective effects of personcl equipment including clothing and 
protective creruns. 

T~;:>·r Extensive thermal labo:::-atory and fi.;ld experimon~s have been 
I'ROC,_,"TJURE: conducted. Close working coordin.:;. ti on has been effected with 

the physi cnl the!"mal m~~stl!'s-m"m ts in order to determine charac
teristics of the. thermal puls~. Sp£ctrum, inten~ity rmJ. atten
uation factors have been evaluat0d by physicel measuring 
devlcc~s as well as by exposure equipment specifically designed 
to evalu~te. physical factors by actually bui-ninz biolo~ical 
specim.::ns. 

STAT'JS OF 
KNO~-~LEDGE: 

Physicnl indicators and anim&ls have been utilized to determinG 
the protective effects of various types of shelters including 
foxholes. 

A combination or laborato:xy and field datu have been used to 
evaluate protective effects of clothing .and other personal 
equipment. An active program has been initiated to develop a. 
skin simulant which will repl:!C€ tho requirement for the use 
of living biological specimens. 

The time cheiracteristic.::; of the 
mined for yields up.to 500 KT. 
evasive action impossible. The 
airburst have been determined. 
not complete. 

thermal puls~ have been deter
Th~se chLracteristics make I 
sp0ctral characteri~tics for 
Surface burst spectral date is 

Threshold values for human skin have been deterrninod for first 
and. second degree burns in hum?;n experimentation and extrapo
lction of ruiim~l data obt~in~d in the field anJ lahor~tory is 
adequate for th~ thr€shold value of third degrc8 burns. DaYk 
skin is more sensitive than light. This~5of particular import
e_11ce in th€: range of two to five calorics • 

StructurBs a.~d sh~lters inclu<lin0 foxholes offer complet~ 
protection from thermal injury so lor.~ as there is no lir1e of 
sight, exposure of the: turg;;:t. 

Laboratory sources havf:; been devaloped which adequately simulate 
the bomb pul~e for thG production of smP-11 aree burns. FiGld 
experience with the pi~ indicates no essential ciiff8rence bet:·:cen 
small and large nrea burns on CJqJosed skin. There is no accept
able laboratory l~rge area source available., but it is hoped that 
a magn~siwn furn~ce will be put int.o operation this yecr. 

I<-, 
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systems. Tho two layer systen and th~ importance of draping 
h~s not b~en re~olved. Spectrr..l v:!.tintio~s for sU!'fnce bursts 
nnd lr..:·ge yield 'N~~pons (above 100 KT) may influe;nce fabric 
protection. Fire resistant fabrics reduce secondary flame but 
do not ~rpear 9pprecisbly more resist3Jlt to trensmission of the 
pri~ry pulse. t/ LA-~~"" c lo~ h :~ 

Pl-e>ie,::d, 
1 

~/\.\.V..S-\-
\ Standc.rd Navy Department flash cr~cr.i is effective in protecting 
l. vt..r-~n .... "'~ "'f lu otherwice unshielded skin a-rid its possible use ir. salected 
~., C l/ opc:rntional si tuo.tions should be considered. 
e- ;- A- ~l"\\... ~u. 

CONCJ,USIONS:For 09er2.tionnl re ... :uirem~nts, basic airburst thermal radir!.tion 
data relating to €ffects on U..T'lprotected skin is adequate. 
Spectral vari~tions for surfece burst and large yield weapons 
need furth6r evttluuti0u. Th~ nrotective effects of clothing 
(less than four 1.u.yer system) has been partially evaluated. 
The influ~nce of fir12 resist!:.nt f.:.::.brics, draping, and variations 
in spectrum is not resolved. The protective effects of shelters 
is knc,wn. 

Ad8qu~te laooratc:ry sources for smnl1 area burns are ev~ilable 
bu-r. a J.arge ar..;r.. sc'..U"ce 9.\7ui ts testing. 

/5 R2C:0M.MENDA- The prob::.. ems associatco -..d th t:ie prot<:ction offered by clothing \ 
8 'l'lO:::s: cnn be ap;-iroech~d in th:;; laboratory bu;;. fina.l VE;rificatio~ will 

require field tests. 

P:\:OJECT 
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fl.i-:;J 
YP.0.TEC1' 
OFFICERS: 

::> 3 1 e 1 

Sp.:octrnl variations can be resc1v~d in the laboratory once \ 
accura-:.e IJhysic~l. data is cbk'cin€d. 

Th8 use of the bomb, as e th~rm~l source, for evaluatin~ mass \ 
ca~u~lty therapeutic methc;c;.~ may be required. 
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.BlB!..,IJGRAPEY: 1. J. B. Porkin~, H. E. P£::ar:;c, and H. D. Kin,::sle7, 11 .P. Study 
cf Hadi311t Energy Sums: T:.;c :Sffect of Exp8sure Tia.e: and 
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A. To determine to what degree the flash or a nuclear 
detonation impairs the vision and reduces the efficiency or 
military personnel during daylight and night operations. 

B. To evaluate protective devices developed for the 
purpose of protecting the eye against visual impairment result
ing from excessive exposure to light. 

Utilizing human volunteers and an.imals,a number of observa~ 
tions have been made. Human volunteers were exposed during 
both daylight and nightt1.m& operations and then studies made 
of their visual acuity. In addition, a theoretical and 
practical laboratory approach was initiated in 1951 and is 
being continued at the u.s.A.F. School of Aviation Medicine. 

Subjective and objective examination of the Japanese 
survivors of Hiroshima and Nagasaki demonstrated surprisingly 
little evidence of thermal injury to the eyes. In one group 
of a thousand persons ltl thin two thousand yards or ground 
zero no lesions of the .fundus •rere found which could be attri.
buted to the thermal e.ff ects of the bomb. Even the eye lids 
(when the patient has sustained severe facial burn) showed 
only occasional injury. A history of temporary (a ff!W minutes) 
blindness was elicited :from a few patients and an occasional 
individual stated he was blind .for a matter of days. In this 
latter case it was the opinion of the attending medical 
personnel that hysteria might be responsible. 

For discussion purposes, thermal eye :injury is divided 
into three categories_ . 

1. Temporary (flash) blindnesst Evaluation of human 
volunteers (air crews) at £USTER established no visual im
pairment under daylight conditions •mere other hazards (heat~ 
blast and radiation) were not encountered. Under simulated 
nighttime conditions at '11.J1IBLER-SNAPPER and UPSHOT-KNOTHOLE, 
there was definite temporary flash blindness in unprotected 
indivi.duals. 

Individuals must be focused so that the detonation is in 
the direct forward .fielQ of vision. Even under nighttime 
conditions, there is no impairment of vision unless the fire
ball is in the forward fie1d of vision. 

of retinal burns in 

]< 
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(. .-- '· ' ·. ·. ~.;... . . ,' ~' . F:ffc.ct~ _:1 t.:1~ . ~~L 
~ .~ burns were sustained in 

rabbits to a distance of 28.5 miless however) the significance 
of this finding in its relation to l.tllllan retinal burns awaits 
further laboratory investigation. 3 ~ ~ , o d Lf1. W\·, \e~ • 

3. Protective Devicesi .h. number or protective devices 
havo been used. EXPericnce at UPSHOT-KNOTHOLE demonstrated 
that if all ·wave lengths ·were screened out by adequate glasses 
except between &:Jo and 680 millinrl.crons, there was complete 
protection. 1 l3u..rt\ C"'-"'t ~ £.o +h·n."- -+-he. ~~ \;~'"".>' 

Flash blindness during daylight and night operations will 
not present an operational problem for ground troops. Dayligh~ 
operntions vd.11 not be impaired for air crews. Loss of visual 
acuity under nighttime conditions presents an operational 
hazard for unprotected a::U- crews. Glasses similar to those 
used at UPSHOT-KNOTHOLE will gi vo adequate protection for all . 
operational requirements. 

IT the fireball is in the fol"\7ard field of vision, retinal / 
burns may be produced. (./ 

Further laboratory work is indicated to evaluate the 3· / 
findings in test animals in Operation UPSHOT-KNOTHOLE. /· 
Addi tiona1 :field tests are not required. for human volunteer 

1 
, .· 

except to evaluate new tYPes of protective filters. {.q ·· 
EUSTER-JliNGLE ~/h 
School of .kviation Medicine V. A. Byrnes, Col, MC, USAF 
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O:\JF.C'l'I1.'F.: To determine the nuclear radiation hazards from an atomic 
detone.tion 1nclut!'ing both internal and external hazards. 

mocrfiltJRES: The primary objective of field tests has been to study phenoroeno• 
logy se it occurs follovins a bomb detonation eo that suitable 
radiat:ion sources could be de•reloped and evaluated for use in the 
laboratory. B~orJedical procedures have been closely coordinated 
vith applicable physical measurements of the radiation pere.metera. 
Jn addition to actual exposure of biological epecicens, llbere 
correlations of lethality and '.-arious org&n aystem reeponses with 
phystcal measurements ~ere made,pha.nto.m studies vere done to 
evaluate the importance of de~th dosage. These tests vere carried 
out U!lder conditions of varying veapon desiens and yield.a. 

STATU~ OF 

F.xtersii·e pathological examination of the exposed animals, 
includine serial aacri:f"ice studiea1 vere perforoed to obtain a 
better basic understandinB of the radiation syndrome. 

I;:ternal ha:tards were evaluated vhen suitable conditions vere 
available. The internal he.~ard problem has been compared to 
ex:tsting animal data derived from laboratory experirnenta and a 
limited nU!.Ober o~ human accidental exposures. 

The Japanese data hu ·oeen thorouehlY ane.l.yted and in the pa.at 
yenr nddit1onal vhole body radiation of hun:ans has been 
accooplished in conjunction vith therapeutic rediation problems. 

Protective shelters and personal equipment, including ge.s :c:aska, 
collecti Ye protectors and clothing ha:;e been tested in the field. 

}CTl!OHLEDCE: A. E:xterntl Radiation 

1. Ga.Ill3& 

a. Acute effects1 The mechaniam of action of radiation 
is unknown. The spectrura of the prompt and the residual radia
tion is still laraely w.knovn, but comparison of e:f1"ects in 
the field to those :produced by 14boratory radiation sources allove 
us to make rea.sonable e..asumptions regarding possible effects. 

Operational oilitary tolerance• have been established. 
R€Ccnt hUiran vhole body stu~ies in the labor3tory have verified 
the tolerance• in the range o~ 0-150 roentcens. In the mid-lethal 
and lethal range, the doaasea for man are not vell establ1nhed. 
Due to btoloc;ical '.-ariation, the 1ethal. do~e.se for a gi·,-en 
individu.tl. e ··;ea··.... _,.. ... . .. ;.·: :.\.· 

·-~ .... ~~· -
~, =-· ;rror 

SE4D1t1Biti .... 
l'lCLOSffiF. :t'o. b. l 
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Radiolonical Hnza.rde From An ADD, Alpha, Beta, and Gamma Radiation 

The ~e The relative biolo~ical effectiveness of gamma 
radiatlon,as determined in the mouse, is essentially one (1) 
CO'npe.red vith a 230 KVP x-ray ma.chine. The RBE for man is not 
definite. 

Variations in dose rate 'frol':l l minute to 40 cinutes 
do not essentinlly ~~feet the biolosical response. The data haa 
~ot oeen determined :for either extremely high dosages.delivered 
:!n a short per5od of ti:ne or for chronic dosaees, except to indi
cate that :f5eld data at very high dose rates in the mid-lethal and 
lethal ran~e correlates well vi.th laboratory calibrations at lower 
dosaGe rates. 

The e~rective energy of a residual ~ield and its 
correspor.dire RUE is under study at the present time• 

Pat!ioloe;ical studies of' animals at :field tests reveal 
no essential dif':ference other than :for species variation from the 
patholocical examination of Japanese fatalities a.t Hiroshima and 
!"agasa.ki. 

The prompt reactions or irru:edjately incapacitating 
ef ects o~ vastly super-lethal dosnees is unknown. Recent 
la.~orntory vork will be discussed at the meeting. 

ShieldinG afforded by military structures, including 
-rox holes, 1!! known or can be rouehly calculated fo::· any speci:fic 
structure. 

~. Chronic effecte: No information has been obtained 
under field conditio~s. A number o:f R and D projects sponsored 
by various agencies have allowed us to make eeneral predictions 
as to poss:!"ole ef:fects. All of' these. projects, however, have 
'Jee:-i done with animals and there is very little data available on 
man. The m~PA estirna.tes end those appearing in the Ha:i<ibook on 
./\ tomic Weapons for Medical Of"f'icers represent best available 
tnfornat•on. In Ge~eral, there seems to be a significant recovery 
·i'ollovine; radiation injury so that tolerances to inte.:;rated 
chronic dosaces may be significantly increased over those to 
sinGle acute exposures. 

2. Beta. 
The measurement of the external beta hazard with currently 

a';ailnble instruments is di:ff'icult. VarioU3 est:imates based on 
laboratory type measurements and theoretical cal'1ulations have 
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SUBJ~T: R~diolocical Hazards Froi;: An ABD, Alpha., Beta and Grunr.ia fudintion 

indicated beta-ramr.n rntios of from 10 - 1 to several hundred to 
one de_;.iendine upon the conditions of toasurc:r:mnt. Estir.i ·-.tes 
ba~cd on the opinions of experienced radioloristl indicate that 
for usu.-:! operntioncl. condition' there will bo no extern~..l 1--eta 
hazard unless there iE an as~oci.'.lted laree gan:na hazo.rd. 'This 
h;in been verif.ted, for the cnse of !''3.11 out contan1mtion, by 
experience ct field te~ts nnd a recent specific project designed 
to nensure the relative beto. hazard. Thero are certain instances, 
however, involvinp. isolated problel'ls in which the beta ho.zard may 
bo important. ~ Gi,..V"\ tlo~k{n:o 1~i:Ue.v-

' n a...vi. A {{I"\'\.• 
3. Shielding 

Adet~mte knowledge exists or can be calculated for the 
shieldin~ effects of ni1ita.ry structures and field fortifications. 

B. Internal Radi:!.tion 

The bioloeical and phyf:ica1 htlf lil'es of the im!X>rtant 
fission fregscnts are lmoun. The relative ilnporbnce or alpha 
and P.eta emitters uhen retained in the body in anounts above 
tolerance levels is not lmo\-m. Studies on radium and 
Desothorium have been extrapolated for nl.pha enitters in excess 
of tolerance .:mounts. The problem of the sinflc "hot" particle 
has not been resolved. 

a. In1alation. The ir.por~nce of ·article size is kno~m, 
Stu~ies based on J:HGLE indicated no internal hazard fror.i a 
surface or sub-surface burst unless an overwhelrnine: extcrn---..1 
gru:rr::a hnzard is •resent. For nir creus operating throueh an 
atonic cloud, there is no signi.fice.nt intern:.! haze.rd unless 
an ovcrwhel.minc external hazard is :J.so present. 

Protective devices, includin~ gns nasks .?.lld collective 
protectors, have been tested nnd eive adequate protection. 

b. IntTestion. Food nnd water tolerances have been estab
lished uhich ere r~asonable f'or operational rurposes. Stnnd:!l'd. 
eneincer field ~.-;urificetion .zyster:.s ldll adcqu:=i.tely decontoriinate 
water. Food may be decontaninntcd by ronovilll" the externa1 
contanin2-ted surf~ce. 

COHCLU.3!01-!S: Currc;-it operational rc~uireJTJcnts can be .ful.filled ui th presently I 
available cxter~ effects in.fornation •. Furt..Dcr labor~tor.r work 
on humans in the range of 1 - 200 roentgens. includinf lonp-tcrm 
follow up of the effects, is indicated._ 

.field of I 
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SUBJ~T: Rndiolocico.l Hazards Fror. h.n ABD, Alpha, Beta und G.,.moa Radiation 

bioloeical variations El.l1d the relatively sca.11 ground area l 
involved in the ranee between JC'O - 60r:' roentgens do not justify 
further rr,orttlity studios in a.ninals. · 

Further data is required to verify predictions of the effects of \ 
repeated exposures in the acute tolerance range. 

The internnl. h<:!.zn:rd is not of opera t1onal inportanco. If an l 
internal hazard is present, available protective devices are 
a.dee uate. 

RECOH·iEI!DATIOlJS: Continue laboratory studies on the pech:mism and effects of \ 
Hhole body radintion on man in the ranrc of 50 - 200 roentgens. 

Field studies ~e required to determine the range of irriricdiate ·1 
inc:~_pacit::tive doses. 

Continue studies on e::unma spectrmr., pa.rticule.rly involvine the l 
residual field. 

Ione-term inhe.lation studies are required to evaluate the "single \ 
hot particle" problem. 

Hhcn therapeutic ::rocedures are developed vhich night influence \ 
the effect of r~iation injury, field studies involving nass 
ca.su'll ty ,!)rinciples ~rill be required. 
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OBJECTIVE: The measurement of neutron effects on various biological 
systems. 

TEST PROCEDURE:The reSi"IOnses of biologics.l systems have been cnlibrated 
ngninst knmm doses of l1l.boretory x-rays permitting the 
evalufition of neutron effects in terms of REJJ units. Mice 
were ex_!)osed to the thermal colUI!U'l of the Los Alrunos \7etcr 
boiler ~here n ren~onable e~timate of the physical darnnge. 
received 1n REP units could be determined for the various 
biologicol f'YStems tested. 

·s·r.lTUS OF 
KJW;:'LF.DGE: 

.... 

:::ice mld some other biological mnterinls \";-ere exposed a.t 
\1eapons tests "'ithin seven inch thick lead hemispheres 
designed to protect them from blast nnd thermal radiation 
nnd to eliminate gamma. radiation which would other~ise 
affect the srune systems studied for neutron effects. 

Lethality, atrophy of the spleen and thymus, mitotic depres
sion of the testes, rmd iron uptake by the bone marrow all 
sho~ed an RBE of 1.~ to 2.0 bet~een x-rays and thermal 
neutrons for mice exposed in the laboratoxy. RBE for cata
racts vre.s greater by a fnctor of four or more. Two strains 
of mice showing different sensitivities for x-ra:ys demon
strated the same RBE for thermal neutrons. Little experi
mental data for fast neutron ex!)osures is available. 

Initial calculations indicc.ted thnt the filli.mtls exposed ot 
weapons tests within the hemispheres demonstrated about 9rJI, 
of the neutron effect th~t they ~ould have shown had they 
been exposed to t..~e neutron rRdiation of the weapons in 
free nir. Recent work indicetes that such shields attenuate 
mmtrons more severely than this, and thnt t.."'1e correct 
figure mny be no higher thnn 50%, de0ending to some extent 
upon the c:xttrnal neutron S?ectrum. 

Various biological test systems in mice charHcteristically 
~hewed different .RE'.! values at s.ny eiven station in the 
17eu!iono tests, nnd the time of peak den. th follo1li.ng mid
lethol exposures ~as less than that for comp~.rable x-ray 
doses, indicating that orgcn system radiosensitivities and 
species meclmni~rns of devth may rliffer some\'?ho.t among 
different ionizing rrrdi~tions. Grc~test reliability and 
consistency of datn ~as found Emong lethality nnd spleen 
ond t~ymus ctrophy, r.i th the lotter proving most practical. 
for correlntion l'.-i th physical datn • 

Comperison of RE!J duta. r.ith physical measurements sho~ed. 
the biological response to be quite sensitive to neutron 
spectrum. It is clear th~.t these bioloeic~l systems operate 

Incl //5 
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s1~:~ws or 
KNO;;LEDGE 
{Cont'd): 

co:·;cwsro:~s: 

es excellent inuicators of the integrated biological effect 
of bolilb neutrons even in the ebsence of physical spectml 
dnta; 8nd their use in conjunction with limited physical 
date. allo~s them to be employed es relative neutron dosi
meters. 

As predicted, the im~ortance of neutron biological effect 
con~ared with bomb gamma. vnried markedly ~ith ~eapon design 
and yield, ranging from insignificant \?here ~ea?on design 
enc yielc \"Jere unfavorable to neutrons to a factor nt least 
as areat as genuna (et the range of mid-leL~al nosage) in 
coses fsvorable to neutron release from the fission assembly. 

Nevsdn test cata sho~ed neutrons penetrate soil le~s well 
than ~emmE'.Sj although foxholes provided less protection 
from 3c~ttered neutrons than from scattered garnme.s. Neutron 
induced nctivity in biological m~terial has been shown tO 
pr~sent no per~onnel hezara:--. 
~~~----~~----~~----

Because of its sensitivity to specific ionization, genetic 
m~terial has proven useful in differentiating the importance 
of enmma and neutron effects tdlen both are present. 

Menger date concerning neutron spectrum and relating neutron 
effects to animal size and species differences has made 
extrapolation of the we~pons test information to man 
extreme13 unrelinble. A qualitative theory hes been 
est~blish£-d permitting the mouse field data to be vie~ed 
cs the upper limit to the neutron response (in term of 
REM units) to be expected in me.n, but there is little 
experimental confirmation of the assumptions involved. 

Physical theory predicts that the range of nuclear rsdin
tion effects, including· neutrons, r.ill be very greatly I 
increased nt high altitudes. The above limitations on 
the extrapolation of ~eapons test neutron dnta to man do 
not permit nn accurate estimate of the increase in neutron 
biological effects to be anticipated under these circum
stEnccs. 

There: is no current •;ork being done wi. th high doses of 
neutrons delivered et VGry high dose rates, comparable 
l7i.th ~a~mn exp£rimentetion nor. in progress where a rrompt 
biolocic3l re:spons-:- hns been de:nonstrated under similar 
circwnst!'.mccs. 

The biclogicnl data SUG6CSt that the mechanisms of /\ 
res_:Jonse to neutrons mny be some~>hnt different from those 
to x-rays in a ~iven s~ecies. 

Tne effect on neutron RF..J..t vnlues of '!)rotecti ve lend hemis- \I 
pheres used ~~~has been improper~ evaluated \ 
in the past. .....-.. 

et•WMI"&~ 
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CO!~CLUSIONS 

(Cont.'d): 

R.ECOf.™ENDJi
TIONS: 

Neutron biological effects oppenr to be very sensitive to 
thG noutron spectrum, end it is clear that biological ({ 
systems a.re good indicators of the integr~ted effect of 
a neutron spectrum, but good correlation is h~mpcred by 
lack of physical data. 

The mouse data sho"s that neutron biolociical effects are 
important only in those circwnstances whore weapon yield 
and configuration favors neutron release and that in these 
instll11ces the neutron effect may be rou5hly comparable 
to the ganuna effect with distance, perhaps being even 
greater o.t distances less th~ that where mid-leth::.l garnpia 
dose is delivered. 

Foxhole shieldin~ appears to be less effective in protect
ing againbt neutrons then against gammas. 

The RBE of neutrons for cataract formation is high. 

At high altitudes the range of neutrons rel&tive to other 
effects becomes increasingly important. 

1. To predict neutron responGe in man; 

n. More experimental data is required; 

(1) on the response of rr~mmalian species to 
neutrons of different en~rgies, 

(2) on the response of e.nimals of different size 
and. species. 

b. Calculations of neutron penetration in tissue I 

... -· 

3. 

4. 

should be made. 

One more field test should be performed to obtain 
good physical data outside and inside th~ hemisph~res 
to tie in pr~viou~ biolo~icnl data. with good physical 
measurements. 

a. Studies of physical sp~ctrum to be correlated with 
biological data, 

b. Data shoulc b~ obtained on the effect of the lead 
hemispheres on the n~Jtron spectrum. 

Studies or high doses of neutrons ~nth larger anim.'.lls 
when delive:red at very high dose rates. 

Participetion in high altitude tests if programmed. 

i· . 
' \ 
l • 
I 
I 
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6UBJECT1 Combined Inju.rx 

OBJECTIVE: To determine t.he effects of combinelt blast, thermal and radiation 
injuries. 

TEST 
PROCEDURE: 

STATUS OF 
KNOWLEOOE: 

No specific field tests have been cesi~ed with this object~ve. 
Experience at GREENHOUSE an1 UPSHOT-KNOTHOLE has given fieli data; 

Analysis of the Japanese data indicated that there was a 
number of com9ine~ injuries 9ut the nature of the data made 
evaluation difficult. Charts will be presented at the conference 
which show the probabilities of com9ined radiation and thermal 
burns occurring in the same individual. 

a. Burns and Radiation 

(1) At GREENHOUSE it was demonstratei that "if thermal 
buITls progress to a point of partial epithelia1ization, heal:in.g 
proceeds in spite of mortal radiation injury. However, granulat
ing biopsy wounds or aurns become gangrenous or slough when 
signs of radiation sickness develop". Experience at UPSHOT
KNOTHOLE was similar. 

(2) Laboratory experience at Medical College of 
Virginia in 1950 indicated synergism. Small, non-lethal con
tact burns gave a high mortality rate when combined with non
lethal amounts of radiation. These results were only partially \ 
confinned in the past year. Radiant energy burns apparently 
produce a milder systemic effect and therefore a lower incidence 
of mortality ~nen combined with non-lethal radiation. 

(3) Recent work at the Naval Radiological Defense 
Laboratory with hot water burns was similar to the contact 
buITls at Virginia. -Radiant energy buITls have not been fully 
analyzed as yet.. 

b. Fractures and Burns 

Combined fractures and burns have been studied in 
dogs. The results indicated that plaster casts may be contra
indicated in the treatmont of fractures with ~verlying burns. 
~ntrurnedullary ·nailing even th:mgh the burn~ we.:r more satis
factory~ The op?licnbili~y to hunane hEs not been evnlucted. 

c. Radiati-on and Surgery 
Surgery (resection of bowel) following radiation had 

no effect on either the recove.ry from surgery or the course 
of the radiation syndrome. 
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Subj: Combined Injury 

Cl:NCLUSIOUS: Canbined thermal and radiation injuries represent a 

R.."SCU}fi:iENDA
TIONS: 

PROJECT 
AGEl~CIES 

AND 
PROJECT 
OFFICERS: 

OPERATION 
PARTICIPA
TION AND 
SUPPORT: 

REPORTS: 

SUPPORTlliG 
R&D 
PROJECTS: 

relatively small fraction of the total casualty load. Canbined 
blast and thennal injuries represent an undetermined portion of 
the total casualty load. 

There is no evidence to indicate that radiant energy 
burns and radiation will materially affect the clinical manage
ment of patients. 

Further work is required to evaluate the problem of 
fractures complicated with burns. 

GREENHOUSE - University of Rochester, H. Pearse 

UPSHOT-KNOTHOLE - Quartermaster Research and Development Labs 
and Army Medical Service Graduate School, 
Osterling and J. T. Brennan 

GREENHOUSE - Project 2.7 

UPSHOT-KNOTHOLE - Project 8.5 

WT-9, "Thermal Radiation Injury" GREENHOUSE 

UKP-60 "Thermal Radiation Protection Ai'f orded Test Animals 
by Fabric Assemblies" UPSHOT-l<lJOTHOLE 

Anny, Thermal Burn Studies, Medical College of Virginia 

Army, "The Treatment of Fractures Complicated by Contiguous 
Burns" University of Pennsylvania 

Army, "Experimental Burns and Fractures", H. Allen. 

Army, 11Study of Combined Thermal Radiation and X-irradiation 
effects in mice", w. H. Parr 

AFSWP, "Thermal and Combined Thermal and Radiation Effects on 
Biological Systems 11 , naval Radiological Defense lab. 

AEC, "Effects of Surgery on Dogs Following Whole Body 
Radiation", Western Reserve University 
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