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1. T.3 accordance w i t h  the AFWP l e t t e r  to the Ser-qices m d  other t- 
: p t e r~ . s t ed  aL-encies, subject: "Analysis of Atomic ;!'apons Zffecta Program", 
d a t d  2 !'larch 1353, the incloned informetion has been prepared. This data, P 

rP1at;n; 
cWpcts  of atomic weapons, i s  specif ical ly  directed toward operational m 
rcouiremerits. Certain medical aspects, such na therapeutic problem, have 

to t h e  current ntatua of knowledge in the medical and personnel 

not h e w  dj.acusaed as they a re  outside the scope of this study. 

2. T1.e conclusions and recotcwndations made i n  the s tudy  represent the 
op'n 'o~ of the pWVP. 
Tad? 011 which t o  'mse discussion at  the conference scheduled f o r  10 September 
1353 8t Readquartera, AFSKP, Walrhjnzton, D. C. 
Dt '8:or w i l l  present the current knowledge of basic physical mewurementn 
n: t'ne confereiice. 

Fo elaboration La attempted. Definite statements are 
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2 m y  ?ro:>lems t h a t  m y  have been omitted c y ~ l  be evaluated by the technical 
a 2 re-rcsentat l  'e8 at the conference with the objective of: 

h a.  Definitely establishing those f i e l d s  of weapons e f fec ts  i n  

-I 

5 .  I t  l a  requested t h a t  the inclaOrlrer be re:;ieved so that these an8 
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m u  
c which su f f i c i en t  -informetion for operational nee& is available and for which 

nddrr'onal full w a l e  t e s t  or 3 and D laboratory p o j e c t s  are not required. 
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- c i  ;I. m f i n l t e l y  establishing a minimum requirement for additional 
..I -+ 1o rul.1 eca7.e t e s t s  or R and D laboratory projects to  fulf i l l  operational nee&. 

i ?  J i .  The conclusions of the scheduled conference will be incorporated in a 
: apI o.,erall effects analysts study. 
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SUBJEC?: 

OBJECTIVE: 

TEST 
PROCEDUKE: 

STATUS OF 
KN0WLEM;E: 

Biomediml Air Blast 1njuries.Direct 

To determine the  e f f ec t s  of d i rec t  a i r  b l a s t  on animals, 

A number of d i f fe ren t  methads fo r  exposure of animals have been 
attempted including simple meih cages, s l iding cages, open end 
aluminun cylinders, ana foxholes. The various methods, with 
the  exception of foxho1es;were designed so as t o  shield the  
animals from secondary b las t  effecta  (missiles),  thermal radia- 
t ion  and some of the  nuclear radiation. None of the  containers 
have been e n t i r e l y  sat isfactory.  

The complex problem of e f f ec t s  of d i r ec t  b l a s t  resul t ing from 
atomic detonation has not been solved; however, based on d i r ec t  
physical measurmenta of blast ,  extensive laboratory high explo- 
sive studies,  some human experience during the bombing of London 
during World War I1 and the work done in Europe during the  last 
ten years, it i a  generally agreed t h a t  d i r ec t  b l a s t  i s  not an 
important cause of atomic weapons 3asualty production. Under 
unusual circumstances, i .e .  cer ta in  types of she l te rs ,  d i r ec t  
b l a s t  rLght be the  primary cause of casualt ies.  

Zuckennan s t a t e s  t h a t  the l e t h a l  b l ae t  range for humans exposed 
t o  HE detonations is in excess of 350 p s i  althou$h m e  of the 
above data  suggest t h a t  the  longer b l a s t  duration of ABD b l a s t  
waves may have a d i f fe ren t  effect .  
done a t  much lower p s i  levels. 
i s  in the  order of seven t o  twelve psi. 
rheges especial ly  in the  lungs and gas containing abdominal 

exposed t o  ten t o  twelve p s i  in foxholes a t  UPSHOT-KNOTHOLE 
noted no ill effects.  

Physical measurements of d i rec t  b l a s t  pressures folloVing 
atomic detonation c lear ly  demonstrate t ha t  f a t a l  overpressures 
occur only in the areas where e i t h e r  the nuclear radiation or 
the  thermal radiat ion w i l l  a lso insure f a t a l i t y .  

A n a t a c a l  damage can be 
The range of damage t o  eardrums 

Yhu te  in t e rna l  hemor- 

viscera  may appear a t  preseurss in excess of 10 psi. Humans 

CONCLUSIONS: Direct b l a s t  i s  not important a s  a casualty producing agent 
except under very unusual circumstances. 
t h e  e f f ec t s  of d i r e c t  b lae t  of a t d c  weapons on peraonnel can 
be ignored. 
e f fec ts ,  i . e .  missiles or bodily displacement by t h e  b l a s t  wave. 

For mi l i ta ry  purposes, 

Casualties frcm b la s t  e f fec ts  r e s u l t  from ind i r ec t  

RECOFNFXDA- 
TION S : 

I n c l  #l 

No fu r the r  experitnental work on the  e f f ec t s  of d i rec t  b l a s t  
as re la ted  t o  an atcmnic detonation i s  req?lired. 
m ? c r h e n t s  are  being carr ied out by other agencies and should 
be followed a s  they may lead t o  basic  information of value, 

Special she l te r  
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tI1l:d ;,:C.T: B ioineiJicIl Tlicrmal Ef'!'ec ts This document collsists ---q--i-~- pages 

f1LlJ~:C'XVE: To evnluate th?  hioJ.ogi.c:il thwmu? No --k& r a  iatzori-hnzur y !  i j p i e s  A_-- 
--._-_______ 

of 

atomic drtonation including pofisihlc cvi~~iivt? mmsures, the 
prot,ictive effects of Struc t i ixs  and shclt.?rs, and thc 
I J l o t t ? C  hive e f fec ts  of  persorial equinmcnt iticiuding clot!iin,- m d  
p:wtr.~:tivc creams. 

Extensive thermal lahorn to,i?r and f i d d  ck:wrirn;n ;s have becn 
rmduc tcd .  
ti#,< ~Iwcico!. thermal inzi:?uicrn,jnts i n  o ld . , r  t o  de t?min . '  charnc- 
tcris 'ics tlt' t h e  thermal 1Jt.l:h. Sp;rtr:iin, i i i t e x i t y  f:nL at.ten- 
wition fbctors have 
di.viius an wcil HS by exposme equipinmt sncc i f ica l ly  designed 
t!J +:valuate physical  fac tors  by actual ly  burnin: bioloGic2i 
specimsns. 

Ytiysicn.L indicators and :miinids have hcfn u t i l i zed  t o  determini; 
tlic protoctivc e f fec ts  of various types of she l te rs  including 

p;,;, 

, PJ L.;JlJJlE: ,,.? *,.- Cloao working coordincliori h a s  hem effected wit!] 

been ev-~I.uiitcd by physical mc?suring 

f['J:dlOles. 

A combinatir,n of laboratory- and f i e l d  dt& hnvc bceri used t,o 
evniuirte prutactive eff'c-:cts of  clnthing arid othcr personal 
equipment, 
s k i n  siimilmt which wiU rcpl-ct: thc rcqui rmen~t  f o r  the lise 
of l iv ing  biolo;.ical specimens. 

The time chdracter is t ics  of tiii: tiiermal pulse hrve been deter- 

evasive action impossibla . 
a i rhurs t  have becn doterininad. 
n u t  complete. 

Thrcshold v d u w  f o r  Iimim skin hava been determinsd f o r  f i rs t  
and second tlcsree burns i n  _humgn experimentation and extrapo- 
1::'tion of a n i m d  dota ohtaincd i n  the f i e l d  an i  1ahoratox-y i s  
adi:qu:~.i.e f o r  th; ,tlircshold vaiur of t,l?ii-a d e p w  burns. Dark 
skin i s  nmre smsi t , ivc than l igh t .  
rnce in l,hc rnngc of two t o  f i v e  c:iloric:;. 

S t , r u c t ~ r , ~ . j  xi:: shGiLst-3 itiriurlin, fiijrholes o f f e r  cony:Lete 
T;?-o:w t,i.!m T:.oi;i tiierm:i~t ir:jury so 1.0r:; 3; tncrl: i s  no lirie of 

An active program has been i n i t i a t ed  tb devclop a 

I,,", I I , . ~ ~ l I l t ,  OF 
KNhLEXE;: miiied l'or yieldn up t o  500 KT. Thcse chzracter is t ics  make I 

The snt:ctml character is t ics  f o r  
Surface Ixrst spectral date  is 

Id T i i i i , o f  p!rticul.or import- 

.> ~ i ; - l ~ l ;  . , ~~: : ;w j ; j i ,~ .~  of' jhcr 1~urZ-t. 
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WBJECT : 

3BJECTIVE: 

STATUS OF 
KNo1ALFME t 

Thermal Effects  on the Eye 

To determine t o  what degree the  f lash  of a nuclear 
detonation impairs the vlsion and reduoes the eff ic iency of 
m i u t a r y  personnel during daylight and night operations. 

purpose of protecting the eye against visual  impairment result- 
ing  f r o m  excessive exposure to l ight .  

t ions have been made. 
both daylight and nighttime operations and then studies made 
of t h e i r  visual acuity. 
p rao t ica l  laboratory approach was i n i t i a t e d  i n  1951 and is 
being continued a t  the U.S.A.F. School of Avlation Medicine. 

Subjective and ob jec t iw  examination of the Japanese 
survivors of Hiroshima and Nagasaki demonstrated surprisingly 
l i t t l e  evidence of t h e m a l  injury to the eyes. 
of a thousand persons within tm thousand yards of ground 
zero no les ions of the fundus were found whlch could be attri- 
buted t o  the thermal e f f ec t s  of t he  bomb, Evea the eye U d s  
(when the  pa t ien t  has sustained severe faoial‘burn) showed 
only occasional injury. A his tory of tmporary (a few minutes) 
blindness was e l i c i t e d  from a fsw pat ien ts  and an occasional 
individual s t a t ed  he was blind f o r  a matter of days. 
l a t t e r  case it was the  opinion of the  attending medical 
personnel that 

For discussion purposes, thermal oye injury i s  divided 
i n t o  three  categoriee,  

1. Temporary (flash) bllndnessr Evaluation of human 
volunteers (air crews) a t  GUSER established no visual  im- 
pairment under daylight conditions where other hazards (heat, 
b l a s t  and radiation) wm not encountered. Under simulated 
nighttime conditions a t  TUMBLER-SNAPF’W and UPSHOT-KNOTHOLE, 
there was deflnite temporary f l a sh  blindness in unprotected 
individuals. 

A. 

B. To evaluate pro tec t iw  devices developed f o r  t h e  

Uti l iz ing human volunteers and 8niaals,a number G f  obserrm- 
Hwan volunteers were exposed during 

In addition, a theoret ical  and 

In one group 

k this 

hysteria might be responsible. 

Individuals must be focused so t h a t  the detonation is in 
the d i r ec t  forward f i e l d  of vision, 
conditions, t he re  is no impairment of vision unless the fire- 
b a l l  i s  in the  forward f i e l d  of vision, 

Even under nighttime 

2, Rstinal In  u : Four instances of r e t i n a l  burns i n  
’ hum;ms haw --E---- en encountered, Three of these occured under 

complete dark adaptations a t  Operation SNAPPER and one 
occurrod under predawn (30 minutes) l igh t ing  conditions a t  

of tho above a permanent 
scotoma was 
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REPORTS: 

D u r i ~ I 3 W 8 W f l h l  burns were sustained in. 
rabbits to a distancc of 28.5 miles; however, the &nj.ficance 
of this finding i n  its relation to h ~ ~ ~ a n  rotinal burns awaits 
further laboratory investigation. 

3. Protective Devicest B number of protective devices 
have been used, Exp  orience a t  UPSHOT-KNOTHOLE demonstrated 
tha t  if a l l  wave lengths verc scrcened aut by adequate glasses 
except betireen 600 and 680 millimicrons, there mas complete 
protection. 

Flash blindness during daylight and n i g h t  operations v 5 l l  

Loss of -dsual 
not present an opcrational problem for ground troops. 
operations vdll not bc impaired for a i r  crews. 
acuity under nighttime conditions presents an operational 
hazard for unprotected a i r  crows. 
uscd a t  UPSHOT-KNOTHOLE dl1 give adequate protection for a l l  
operational requirements. 

Daylight 

Glasses similar t o  those 

I f  the  f i r eba l l  i s  i n  the forward f i e l d  of vision, retinal 
burns may bc produced. 

Further laboratory work i s  indicated t o  evaluate t h e  
findings i n  t e s t  animals i n  Opcrntion UPSHOT-KNOTHOLE. 
Additional f i e l d  t es t s  m e  not required for  human mlunteers  
excopt t o  evaluate new types of protective fijlters. 
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Sub!: 'Ci~orml Effects on the Eye 
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SI?"JF,~ '  i?adiolo,qlaal Hazards Ikon An A3D, A'pha, Reta, and Gamma Radiation 

O?JTC'rT!%: To determine the iuclear  radiation has& from an atomfe 

PROc?TWWS: '?he primary objective of f i e l d  tes ta  ha# been t o  et*  phenommo- 
logy 88 i t  occurs following a bomb detonation so t h a t  ruitable 
radiatjon 8ources could be dewloped and e m h a t e d  for w e  i n  the 
laboratory, 
with applicable phyrlcal meuurewnts o f  the radfatftx? p%Utwte?8. 
Tn addltion to  actual  exposufe of biologicnl specimeru, where 
correlathm of l e t h a l i t y  and :vfoua organ ryrtern responmr witb 
phyal.cn1 meaturements were n(adc,phrntom studies were done t o  
evaluate t h e  importmce of depth dosage. These tests were carried 
out under condltlona of %-arjing weapon &signs and yield#. 

flxternl :.e pathological emulnation of the exposed animals, 
Irrrludin& serial UcrIPlce  studier,  were performed to obtain a 
bet te r  bnsfo understandine of the radiation syndrom. 

1;lternal hagarda were walur ted  when rul table  conditions vere 
a d l a b l e .  
exls t ing a n i d  data derived i m m  laboratory e X p s r i l W n t 8  and 8 
l i m l  ted nuuiber of human accidental expcsures. 

dctofiatlon including both i n t w n a l  and external hazarda. 

Bfoindllcal procedurer ham been closely coordinated 

The internal hasard problem hm been c+ed to  

I' I, 
F' n. ,... .. 
r. *, 
<* r +  

0. I .. 
The Japanese deta h88 been thorough4 analyrcd and in the mt 
year additlonal whole body rldiation of humno hw been 
accomplished i n  conjunct;lm with theragcutlo rndirtion pblemm. 

Frotectjte BhelterD and p e r 8 O n d  equipment, i nc lud iw  IJ;ar msrka, 
collectt-!e protectors m d  clothing ham been teated i n  the  f i e l d .  

0 .A .? 

I: < :  I ". 
I: I , ,  , ., . 

, I  :: ?, 

I ' >  

! ' !: STATUS OF ~ 

1. Gamma 

a. Acute e f fech ,  The mschanfrm o l 8 c t t o n  of radiat ion 
' e  unknown. " P i ~ i T W U f i  of t h e  prompt and the residual r id l a -  

~ t fon I8 stjll larl:ely mknom, but c m l s o n  of efYecte i n  
the f i e l d  to  those produced by laboratory radiation source# all- 
uo to make reasonable ~ 8 w p t i o n s  regarding p o r l b l e  e f fec te .  

Operational r n i l j t a r y  tolerances have been eatabllahed. 
qwcnt  human whole body studies in the laboratory have ver i f ied 
:he tolerenoes in the range of  0-lw rwntgws, I n  the mid-lethal 
ond l e t h a l  range, the  dOra&eB fo r  man are  not u e l l  establiahed. 
Due to biological ariation, the lethal dosage for a & e n  

' ,  



SIF-TZ'CT: Radiolouical Hazards From A? ADD, Alpha, Beta, and Gamma Radiation 

TI.,. rc The re la t ive  biological effecti-eness of gama 
radtation,as determined i n  the mouse, is essent ia l ly  one (1) 
conpired with a 2 y  KVP x-ray mchine. 
derini  t e .  

The RBE for  man is not 

h r i a t i o n s  j.n dose r a t e  from 1 minute t o  10 ninutes 
do not essent ia l ly  r.*Fect the biological response. The data hss 
ro t  i>een detertuined fo r  e i ther  extremely high dosages delivered 
I n  a short  per!od of time or f o r  chronic dosaaes, except t o  indi-  
cat,e that  f 'eld data at . ,my  high dose ra t e s  i n  the mid-lethnl and 
l e t h a l  r8n:;e correlates well v l t h  laboratory cal ibrat ions at  lower 
dosage r a t e s .  

correspoadf-n-g RI-JE is under study at  the present t ime .  
The efrect ive energy of a residual f i e l d  and its 

Patiiuiogical s tudies  of animals at field. t e s t s  reveal 
no essent ia l  difrerence other than f o r  species variation from the 
patholozical examination of Japanene f a t a l i t i e s  at Hiroshima and 
:-syasaki. 

The prompt reactions or imed3ately incapscitatine 
ef ects  o f  vastly super- le thal  dosages IS unknown. 
la'ioratory work w i l l  be discussed a t  the meeting. 

Recent 

shielding afforded by mili tary s t ructures ,  including 
'ox holes, is known o r  can be ro-ly calculated for any specif ic  
s t ructure .  

?<. Chronic e f fec ts :  IT0 informtion has been obtained 
under ?i.eld conditions. A number of R and D projects sponsored 
by various wencies have allowed ud to  make general predictions 
88 t o  possJble effects .  All of these projects, however, have 
'.ee:i done with animale and there is very l i t t l e  data available on 
man. 
ntomFc Weapons for  Medical Wficers  represent best  available 
+.rformation. In general, there seems t o  be a s ignif icant  recovery 
-; 'ollarlne radiation injury so that tolerances t o  intezrated 
chronJc doeaces uay be s ignif icant ly  increased over those to 
sf!i[;le acute exposures. 

The P!EPA est i imtes  and those appearing i n  the Handbook on 

2. Beta. 
The meaaurement of the external beta 

a?a i iab le  instrumerits is d i f f i c u l t .  various 
loboratory type measurements end theoret ical  

hazard w i t h  currently 
estimates baaed on 
ca lmla t ions  have 



SUDJXT: R-.dioloCical Iiasards Froc An AQD, Alpha, Beta and Gama R-.diation 

iiidicatec! be t a - rm ratio:: of from 10 - 1 t o  s e w r a l  hundred to 
one riev3tdirig upon thc conditions of I?QaSUrOnent. 
based on the opinions of expcrienccd radioloristr indicate  thnt 
for  usu-.l operntionnl condition there idll bo no e x t e r n . 1  ?&a 
hazard unless thora i s  an asnod-tcd l q e  gama 
has beon verified,  fo r  the case of f z l l  out contanlnztion, by 
exporicnce et  f i e l d  t e s t s  Land R recent specif ic  project  designed 
t o  mmurc thc  re la t ivo  beta  kyd. Them are cer ta in  instances, 
however, .involvinE isolated problems in ihich thc be ta  hazard my 
be iqmrtant. 

Eetim ,tes 

his 

3. Shielding 
Ader.wto knowledge e x i s t s  or can be calculated for the 

sh ie ld i tv  e f fec ts  of n i l i t m y  structuros and f i e ld  for t i f ica t ionc .  

B. Internal Radiation 

f i s s ion  fragments are knoim. 
and bet? emitters vhen retained in the body i n  mounts abwe 
tolcranco levels le not !mom. Studles on radiun and. 
mesothorium have been extrapolated for dpha d t t o r s  I n  excess 
of b le ranco  nmounts. Thc problem of the  single lthot81 p r t i c l o  
has not bcon resolved, 

The biological <and phy4cal h a l f  l i f e s  of the imnortant 
The r e l a t i w  importance of alpha 

a. In'rlrlation. The i rLprtancc of a r t i c l e  size i s  kmm, 
Studies based on J'IJGCLE M i c a t e d  no internal hsard from a 
surface or subsur face  burst unless an overwhehiq extcrn-l  
~a~rnci h a z a d  is mcsect. For nir cram operating throuph an 
atonic cloud, therc i s  no slgnlficont in tornr l  hezerd unless 
an overwhelminl: externdl hazard is :.Is0 present. 

Protective devices, includinr gas nesl;~ 2nd col lect ive 
protectors, have been tested nnd pivc adequate protection. 

b. Incestion. Food and vatcr  tolcrancos have been estab- 
l ishcd tihich ?.rc rennomble for operational I-urposes. 
encinoer f i e l d  iu r i f i ca t ion  systems w i l l  adequntely decontaninate 
water. Food nay bo decontaminated by rmovinp t h e  externd 
contaminated surf=ce. 

Standard 

COilCLUbJOi!l; : CurrcA operatiom3 rcnuiremonts can bo fulfilled with p c a e n t l y  
nvailablo cxtern-.l effects  infornation. Furthcr 1 a b o r n b V  work 
on humans i n  t h e  ranee of 1 - 200 roentgens. includinr low-torn 
follou up of the cffects ,  is indicatcd. 

Available l o t h a l  cffocts  infornation is  ncleqwte except i n  the 
f i e l d  of prom,:t response to overrJhel.min(: doszpes. h d i v i d 4  



SURJET Rndiologicdl Hazards %OF An ABD, Nphe, Re L and G-moa Radiation 

biolopical var ia t ions and the relatively small ground area 
involved in tho rmee batmen 3r'O - 60r roentgens do not justiry 
fur ther  n o r t d i t y  s tudies  i n  aninals. 

FLrther data is requirod to ver i fy  predictions of the ef fec ts  of 
repeated exposures i n  the ncute tolerance ranfre. 

Tho internal  hazard is not of operational inportancc. If an 
in te rna l  haznrd i s  *wesent, .mailable protectivo devices 31.8 
adel mte. 

RECO:.Z;EIIDATIOi:S: Continue laboratory studies  on the mechmism and ef fec ts  of 
vhole bod;. rad ia t ion  on man i n  the  ranrc of 5G - 200 roentgens. 

Meld s tudies  ,are required t o  determine the range of' Imedkte 
inc?pacit-.tive doses. 

Continue studios on pmzi spectrum, p t i c u l z r l y  involvlw the 
residual  f i e l d .  

Long-term i&.lntion s tudies  .are required to evaluate- the "single 
hot particle" problem. 

&on therapeutic rrocodures nre developed vhich nipht inflwnce 
the e f fec t  of radiat ion injury, f i e l d  studies lnvoldng ~8 
CQSUllty T i n c i p l e s  v i l l  be required. 

11ava.l Eledical Resoarch Institute J. L. Tullis,CDR 132 USN 
Ehyndra Eicher 
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SURTECTi Radiologicdl hnrds Fron An ARD, Alpha, Bok and Garonu Radiation 

App. 3 "The GrOQa Autopsy ErdinmS and n S t n t i s t i c a l  S t d y  of the 
i b r t r l i t y  i n  tho A a W S  Exposod a t  Bi lc in i"  1 V!ch 19#7 

App. No, 5 ,  l1St? t i6 t icd  llnalyeis of Hemtoloric (Red Blood Cell 
Count) Data on Pigs Test 'ibloll 

App. 15 WonorrhcEic syndrome of Acute Ioniziq- Rtdintion Illness 
Froduced i n  hinds" 7 Octobor 1948 

App. 16 Wutatlons Froduced by Atonic Ea& I r r ad io t ion  of Ncurospra 
Qnssa:' 7 b b c h  1947 

RANGW 
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USNRDL Ekmm Report 3-102 Informal Remt @or. Ran-cr 2 Mar 1951 
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WP-18, IIControl Studies I n  U.S. and Eniwetok" 1952 

\K'-%l, "Saient i f lc  Dircdor's Report, &duntion of Prorrnm 2" 1952 

lrFp-22, " b r t a l i t y  Fbte & A A m t i o n  of Mstnncc" 

Im-LJ, Wkperirwhl Datcl Obtained i n  the Fiold" 

l?LlO3, Wperafion CIiW'HO"SC, Sciontific Diroctor's Repart, 
Vd. 111, 1'Hl" 

I,Ip-402, "hdl~tl atom Hazards Associated 
Wlth Ve 
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OIUECTIVE: The rne:surcment of ncutron e f f ec t s  on various biologicnl 
sys terns, 

TEST PRC)CEDURC:The res?onsps of biological  systems hnve bcen cnl ibmted 
QgRillSt knovm doses of ~~lnborr!'tory x-rays permitting the 
evaluation of neutron c f f cc t s  i n  terms of Fi!&l un i t s .  Mice 
were cxposcd t o  the thermal column of the Los Alnmos m t e r  
boiLer ;There a reasonable estimate of the physic81 damnge. 
received in PEP units could be determined f o r  the various 
biologicol Gystems tested.  

:dice md some other bioloSica1 mnterials were exposed a t  
r7eapons t e s t s  7;:ithin seven inch thick lead hemispheres 
designed t o  [.rotact them from b l a s t  and thermal radiat ion 
:in& t o  eliminate gemma radiat ion which w d d  otherwise 
a f f ec t  the same sys tem studied for neutron effects.  

Lethali ty,  atrophy of the spleen and thymus, mitotic depres- 
sion of the t e s t e s ,  end iron uptake by the bone marrow a l l  
~ l iomd an RBE of 1.5 t o  2.0 betieen x-rays and thermal 
neutrons for mice exlvosed In  the  laboratory. 
r ac t s  c x  p w a t e r  by a fcc tor  of four or more. 
of mice ehowing d i f f e ren t  s e n s i t i v i t i e s  for x-rays demon- 
st rated the same RBE for t h e m l .  nsutrons. L i t t l e  experi- 
menta!, data  for  f R S t  neutron exTosures is available.  

I n i t i a l  calculations i n d i c t e d  thr.t tlie animals CxpOSd at  
rrecpons t e s t s  within t he  hemisphere8 demonstrnted about 9 6  
of the neutron e f f s c t  t h r t  they muld  have shown had they 
been exoosed t o  th s  neutron rndiation of the 'mawnS in 
free air. Recent cork indicctes t h a t  such shields  a t tc r i i i t e  
neutrons more severely than t h i s ,  und tha t  the corroct 
figure m c y  be no higher than 5@, devending to  some extent  
upon t h e  exkrnn l  neutron .';:jectrum. 

Vnrious biological tr:st systems in mice c t m r n c t e r i s t i d l y  
nhorrcd differexit BEid VdUeS a t  any civen Station in the 
i;er::.mm Lests, and the time of peak death following mid- 
le thal  expostires wns l e s s  t h a n  tha t  for compmable %-my 
doses, indicat ing t h a t  orgcli system rad iosens i t iv i t ies  and 
species sechanimns of death m5v d i f f e r  somerrhat among 
d i f fe ren t  ionizing r:!dlations. Grcntest r s l l a b i l i ~  and 
conoistency of data  rmlnfi found smone l e t h a l i t y  and spleen 
and thyms atrophy, n i th  the 18 t t e r  proving moat prac t ica l  
fo r  correlation with physical data. 

RBE for cata- 
Tpro s t r a ins  

Compcrison of REI1 i n t o  r d t h  physical measurements s h o w i  
the  biological response to  be Q u i t e  sensi t ive to neutron 
spectnun. I t  is c lec r  t h r t  these bioloeicP.1 systems operate 
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Subj: fmiioloefcal 

S'i".TUS OF 
KIIO2LEDGE 
(Contld): 

as excellent indicators  of the integrated biological  e f f ec t  
of bomb neutrons even i n  the Rbsence of physic81 s p e c t r d  
data; and t h e i r  use i n  conjunction rrith limited physical 
date al1ow them t o  be employed p.8 r e l a t ive  neutron dosi- 
meters. 

As predictcd, the imoortonce of  neutron biological  e f f ec t  
conp:ired w i t h  bomb grunna varied markedly n i th  .veapon design 
md yield, ranging from ins igni f icant  where wanon desi@ 
5nd yield %re unfavorable t o  neutrons t o  a fac tor  Qt l e a s t  
a s  great  as p m m ~  ( a t  the range of mid-lethal dosnge) in 
cnsea favorable to  neutron releafie f r o m  the f i r s ion  wsembly. 

Revsrl~ t e s t  dntcr showed neutrons penetrate soil lczs well 
than :?amir.z; although foxholes provided l e s s  protection 
from nccttercd neutrons thnn from scct tered g a m s .  
induced zc t iv i ty  i n  biological material  has been shown to  
przscnt no personnel hezard. 

Beceuse of i ts  sens i t i v i ty  t o  spec i f ic  ionization, genetic 
a s t e r i d  hes proven useful  i n  d i f fe ren t ia t ing  the importance 
of enmna and neutron e f f ec t s  rhen both are  present. 

Meager date  concerning neutron spectnun and rd ia t ing  neutron 
e f f ec t s  t o  animal siee and species differencee has d e  
extrapolation of the weapons test information t o  mnn 
extremely unreliable. A qual i ta t ive  theory he.6 been 
estnblishcd permitting the mouse f i e l d  data  t o  be oiered 
as the up er l i m i t  t o  the neutron response ( i n  term of 
REk1 units P t o  be expected in man, but there is  l i t t l e  
experimental confirmation of the assumptions involved. 

Physical theory predicts  t ha t  the range of nuclear radin- 
t ion  e f fec ts ,  including neutrons, )?ill be very great ly  
increased a t  hiEh al t i tudes.  The above l imitat ions on 
the extrapolation of weapons test neutron data t o  m a n  do 
not  permit an accurate estimate of the increase in neutron 
biological e f fec ts  t o  be anticipated under these circum- 
stances. 

There is no curreiit r:ork being done c i t h  high doses of 
ncutrons dcliverpd e t  vcry high dose ra tes ,  compereblc 
vf th  wnmn oxnrrimentction nov i n  progress where a prompt 
biolocic:*l res:>onsc has been demonstrated under similar 
circumstmccs. 

The biolozicol data sug,y!st t h a t  the mechanisms of 
~ O S : I O I ~ R R  t o  neutrons mny be sonexhat d i f f e ren t  from those 
t o  x-rays in u qiven species. 

Neutron 

COi!Ci,JSIc);iS: 

The e f fec t  on neutron REM vcilues of :y-otective lend hemis- 
pheres used 
i n  the paet. 

has been improperly evaluated 

2 



; - l l ~ ~ ’ ~ ~ , ; . ; ~ ; l . r J ~ ~  Neutron b i o l o E i c a l  e f fec ts  appear t o  be w r y  sensi t ive t o  
~ L x ? L l < ! ) :  thi n.,utmi s[Jectrum, 3nd i t  is Clem t h a t  h io loqicn l  

:“ist’?ms LlrP good iridicators of the irltegrnted e f f ec t  of 
1 n1:utron sncct>mm, b! l t  8;ood correlation i:: hampercd by 
l x k  of i,lkysical datn. 

Thee muuse data S ~ ~ I H S  that  rioutron biologicnl affects a re  
important only i n  those ‘circumstances whcro weapon yield 
e.nd colifiguurnt,ion f a v u s  neutron release and t h a t  i n  thcse 
i~ist.nnccs the neutron e f f cc t  may he roughly comprahle 
t o  t h u  ymma e f fec t  with distance,  perhaps being evcn 
p-r?:rt.cr n t  distances less t h a  t ha t  where mid-lethll gamma 
dose is d e l i v e r e d .  

Foxhole 
ing flgndnst neutrons than against  gammas. 

The RBI? of neutrons f o r  c a t a r x t  formation is high. 

At high n l t i tudes  thc  range of neutrons r e h t i v e  t o  other 
e f f ec t s  becomes increflsingly important. 

JCCO~~MFXI);I-  1. To predict  neutron rosporioe in  man; 
‘ r m  s : 

shieldin; apneears t o  bt: less effect ive i n  protect- 

a. Morc experimanbl data  is required; 

(1) on tho response? of mammalian species t o  
neutrons of d i f f e ren t  energies, 

on the  r+sponse of animals of d i f f e ren t  size 
an:! spccios. 

(2) 

b. Cnlculations of neutron pen;tration i n  t issue 
should hc made. ~- 

:. O l e  inor2 f i e l d  t e s t  shoul:! bo performed t o  obtain 
~ o o d  p!17sic21 d c t n  outside and inside th-. hemispheres 
t c  ti: 
mcn:;ur,:in:xlts. 

:i. 

i n  px-,viuut b i c i lo~ ica l  data with good physical 

;;t.uuicr of IJtlysiCGl sp2ctrum t o  be correlated w i t h  
h i o l . o ~ i ~ a 1  da ta ,  

iiato !:lrouLd b.; obtained on the e f fcc t  of the lead t. 
, ,misphercs .~ 1 oil the neutron spectrum. 

:3. Studies n f  h i p h  doses of neutrons ,liith larear animals  
when , idivqred a t  very high dose ra tes .  

Par t ic ipnt ion j.n high a l t i t ude  t e s t s  i f  nrogrammed. /+. 
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