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The Vbctor rfnd the Rtomic War 
Much has heir wit1 of the ncctl for pulrlic iwlerstandirig of tlie new 

Atomic Age. A citizenry ignorant of the vast olqmnunitics and of the 
crushing responsibilities inherent i n  tlic relcnsc of nnclcar forccs. is 
car t ing annihilation. In the tuturc, only the infornierl nation will 
be safe. 

Yet, important as it is for the avcragc man to nimsure his oliligotinns 
toward the future. it is far niorc iniportant for tlic medical ninn to 
understand his. The responsil,ility of tlie doctor for tlie safct!.. for 
the sheer survival of great mass- of tlic population. i f  a new conflict 
comes, is gigantic For nolwdy seriously doubts that the ncxt war will 
be fought with atomic bombs many times more devastating than those 
dropped on Japan. 

We of the IJnitcd States Army hlcdical Department fully rcalizc 
the gravity of the new situation that confronts the physician and the 
mcdlcal rcsearch man. Though we fewent!y hopc that there will not Ixr 
an atomic war. we cannot assume there will never he one: on the con- 
trary, we must act as though one were certain. We cannot leave to 
chance, or to hum'ed last-minute action, the technological prcparotions 
which alone will at down the enormniu cnsualtics if these ncw Iromhs 
.are drop@ upon our closely packed civilian centers. 

We arc doing wcrythin in our power to anticipate such a mtastrnp!ie 

-organization of our mcdiul torces. T!~rougli these efforts ivc scck to 
acquaint all civilian physicians of the procedures that will be necessary 
in timcof ~ c r g c n c y .  

Our Wnnings,  to date, have heen modest, hut our efforts arc $row- 
ing daily..They consist. in the main, of utilizing every item of data and 
experience pined in the manufacture of the Immh in its use at'Hiroshima 
aml Nagasaki, at Bikini, and reccntly Eniwctok. We ran say. even at 
this early stage, that our ulation need not bc defenseless. The trained 

operate to protect our Nation if it is ever attacked. 
In this little booklet we have brought together a .series of articles 

based on lectures delivend during our first course in atomic medicine. 
currently sponsored by the Armed Forces Spia l  Weapons Projat. 
They were Origimlly puhlished in the Diillclhr of the U. S. Arfiry 
Mrdital Depurtrneirl and arc collected hcrc to givc an over-all pictiire 
of our present thinking on the subject. Wc hope that every doctor, in 
and out of the Army, will take this niessage to har t ,  and will cooperate 
with us in a steady improvement of the defenses which IVC know we 

by study! IJY training. an( 5 11 rexarcli: by planning and by spccml 

pmbination of nuclear "R p ysicists, engineers. and medical men con 

y s t  prepare 

R. W. BLISS 
MAJOR GeNERAL., U. S. ARMY 
THR SURGEON GRNERAI. 

CHAP 

CHAP 

CHAP 

CHAP 

CHAP: 

CHAP! 

CHAPI 

CHAPT 

C H m  



, -  . , . .  , * ~ .  

CHAPTER 1. 

CHAPTER n. 

CHAPTER 111. 

CHAPTER IV. 

CHAPPER V. 

CHAPTER VI. 

CHAPTER VlL 

CHM!IZR VIXL 
-A 

CHAPTER IX, 

CHAPTER x 

Introduetfon to Nuclear Physiesa. . . .  1'  

' . .  
I , .  

Biologic SiTecb of Nuclear Radiation , .  

From nn Atomjc Explorlon . , , . , 9 
..... 
. .  
.ii 

Mwlicnl ERecb of Atomic Explosion . , 14 
. .  

Evaluation of the Flve Atomlc Erploalonr I# 
it 

. .  
hmndamentah of Radiation Pathology . . .  24' :. : .... 

, ,  ~ : ,$ 
,.. 

. . : . .  .: , , . , ,.. 
Pnthulo~lc Anatomy of Rndiatlon EReeL 

of Atomic,;xptorlon . . . . . . .  28 '-:.,.$, 
... . . . . .  

. .  .;i ....... , .. Detection of Overexposum to Ionizlns . , I .',.. ~ ?y . $'8* ..... 1 .  I.' ..: Radiation I . . . . . . . . .  
. . .  

Public Health Aspect# ot Atomlc Explorlon SI  ', . .I i.., . .  
..... 

, ,  

Esgenclols uf Instrumentation . . . . . .  88 
. .  

Protcetloa AgalNt Atomic Bum& . . .  40 . . .  



IV. Evaluation of the Five Atomic Explosions 
Employment of lhe bomb. Tha ntomk bomb is primarily a stnt.gic weapon, 

and the cholcr of t a t u t  and method of amploymant r q u i n  the evaluation of a 
numbn of facton Thur far, fin munnlc bomb haw h n n  detomtd. threa of them 
under test d i U a r r  The one fnnor that nukn an ntomk bomb detonation diller- 
mt from the dmtaution of MY other typc of weapon is the nuclear radiation pro- 
duced. All hi;h-.lplorive wea.ponr produce hi;h tempontun and high b lu t  prusur., 
and the only dflerenem in these rawu benmn atomic .nd eonvmtiwl  wapons 
i1 the i n c r u d  magnitude of the blast and themul affect produced by tha mtomic 
bomb. Howew, no other weapon d d s d  to date is capable of nleadn; nuelmar 
radlatlon. 

The 6nt bomb was #et On under np.rlmmtal conditfom from a t o w  near 
Alamqordq N w  Mexico, on 16 July 1945. The ucond bomb w u  dropped. 6 
August 194s. on the city of Hirwhimn from a E-'29 bomber. Over 4 quare mlln 
of tha city wm instantly and mmpletaly devas1.t.d; 66,000 pwple wwa dmd or 
mining and 69,OOO w e n  injured. On 9 August another B-29 droppmd mn atomic 
bomb on Naguski, totaily destroying 1.5 aquan mila of tho city. Th. number of 
perronr dead and miming in Nagasaki ws 39,OOO. and 25,000 mom w e  injund. 
"ha fourth atomic bomb was dropped by a B-'29 on torgat vawls usembled in 
Bikini lagoon on 1 July 1946, m d  the hlth waa detonmted u n d m t a r  on '25 July 
1946. Tat mimats placed in nrlous loeations on the target vnsels yielded impor- 
tent d a b  on the bomb effects. This work we1 under the supmidon of the N m d  
Medial Rawsrch Center. 

AcUon of the bomb. When a w of fissionabla material .qual to or greater 
thmn m erlticml she Is aswmbld. a vlolent d.tonation will 0c.Cyr. Th. subcritial 
muses of Aulombla mat*rlal must k brought togithar npldly In such a rnunur 
thst a chain d o n  and datonation will occur. The bombnrdmt  of each fisslwble 
nuclam by neutrons mulh in the formation of two fngmmh knm ms fiulon 
product% All nuclei do not lplit into the twa typn of fra-t; thmfore. many 
radioactive lubnum (fusion productl) a n  f i k n t d .  The sum of th. muas of 
t h w  fiuion produeh will not qual  the origin01 w s  of the lpilt nucld. Tha d i k -  
.ma ktmn the fiulon pmdueh formad md the WrUl mu Npmamh th. mass 
of tha nuclal that has k . n  ~anvartad Into m e w  In the form of blait, haat, light 
x-ram ;amnu ny* ond n b d  nuelnr prtlcln. 

The dotaulion of the atomic bomb unmtes a crushing wew of high p n w n .  
The bomb oIso l i b m t n  m emnnou~ qwatity of r l . * t o r m m  mdlmtiionr ond 
n o m s .  Ih. ok*roM~t iC  n d l  klud. MNnd Mble ll& Uthr*iolat, 
x-my. 4 g a m  radiation. Thereafter, cb. h n h  prodmh formud mlt pmnu 
rmyl .ad b.p porticl- Tho &mud bomb d d w  d b  dph. p.rtie*r 8ob- 
stmm b0mb.rd.d by MUIION nleand at  d.tautIm which b.oolm n d l m d w  
by l d d  dlm.nlrity, may dm mait nuelu p.rtlcln uul gamma my& A 1a-m 
fnetron of cb. pmnv nya Is emitted in tha first bsh of tha atomic n p l o r a  
N~U- atso mccomp.ny this metion. The nn;a of neutrons is nsgligibla at 1,ooO 
yd. b.nw of their absorption in ch. air. In an undmatw bunt, mtrr abmption - multlag in induced ndimdivity of the smm -tor. Of thm conltiWmH d 
rar Wbr ,  only wdium is Of My dgn iknc r ,  md IVm thb dOllWIlt (I hamdous 
for mly a 1imit.d @od h u w  of its 1F.m h.If.lif# (14.8 hours). 

At detorUtioa, pnCtinlly dI of Un lethal pmma ndhtlon h relnrd. and the 
renui&g mull fraction Of tha MU1 d a  is dm OtI by the m u l u n t  llUiOn 

th.t riw mpidly in the bomb cloud. The column of n d u t b g  hnlon producb 
-hslion mwrial npidly rim into th. air md bairn to mushmom out whm 
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th. tampraturn of tha column is qual  to the temporntura of tho surroundiny mtmos, 
phew, Tha cllmatk and mtwrologie conditloni Will govern tho dillusion. dispersion, 
and rdlation utivlty of the cloud. Thr nssioned and unnssionad maloriml In mn 
&bunt 4 1 1  ba distributed In tha atmosphrre; while in a subsurfen watuburst. 
th. ad jmnt  watar. ship. and Imd fuilitles in proximity to tha detonation wlll ba 
tarioutly conuminmtd. Fiuion products in tha cloud may ba diapersad u fine 
prtlcln d varylng sire, and. depanding on many factors, I shower of tha radio- 
ectlw matdm1 Will fa11 on nutby  arus. Tha fission products, therefore, prwent I 
continuing hulth hanrd for a considembln time as an aftermath of tha explosion. 
In gmenl, n#ardlns of tha techniqua of bomb detorution. radlonctive matuials 
emlttlng alpha and k t a  particles mnd pmma rays will ba eneountmmd. Tha radio. 
lctivity of thaw iubitmnew wlll ran#. from few IecOncfn to yam.  Violent changrm 
in tampamtun, strong magnetic or aI.etdc fields, and drastic chemical interections 
hew no effect on the n t e  of trensfornution or emitrion charactariatics of the radio- 
active mubstma, If an elammt is radionctive. it will decay normally according to its 
inhmnt half-life. 

In tha undanvater detonation of the bomb, thousands of tonr of watw riu in 
column. a fn, thousand f..t In the air, followad lmmedletely by a npidly moving 
mass of wur, constituting the bua surge. The turbulent watm contain a high 
pucmlage of ths flsslon pmduets and unflsrlonrd residua. I m d l a t e ! y  at dmona. 
cion and for a short period thereafter l anorrnous mmount of radiation is amlnd. 
The fatling column o l  -tar and mint, depending on wind conditions and d.plh of 
datolution, contains a high prcantage of the flsslon prcducts and unhulnnsd midur  
that a n  mnumlnmte an a m  of aever4.l quam miles for a considerable pariod. 
The m i d o n  of infrand, visibla. and ultraviolet light w u n  a few milliseconds 

after ths nploeioioh The b l l  of fire In the alrburat grow rapidly in siza. At it #rows, 
Its t e m p n t u n  and bdghtnws dwnese. kvaral mllllHcands .fur the inltiatlon 
of tha np!alon. the brlghtnou of the b l l  of fin is saverel tlmw the brlghtners 
of the mum Mat of the infnred end ultraviolet radiation is giwn off after the 
point of nuaimurn intanshy. The ball of fire rapidly expanda from the sire d the 
bomb ta a ndlus of u v e n l  hundnd fnt at  one second after the explodon, Thus. 
the InIrarad and ulmvidot radiation comes in two bunts-an axtrmuly immte 
OM luting a fnctlon of a millisecond and a less intenae one of much longer duntion 
Iaiting uveral ucandr 

The h u t  from the Rash In an alrbunt occura in a short tlme. end. slwa h e  is 
no tima for any cooling to uka  p l a n  the temwratun of a pnon's &In a n  be 
niud SO' C. by the flash of lnfnrad and ultraviolat n y s  in the flrat millhecod et 
a d i r tmn  of over 4.000 yards. h p l e  may be injured by flash bums mt mn p t e r  
d h U m  Olmnu ndiation danpr  don not extend nearly ao far, and the neutron 
d w w  .01y is stlll ma limited. High skin tempraturn result from tha lint flash 
of high intrmity lnfrand end ulmvlolet and arm probably u dgnihant lor injuriw 
n th. total dmm that o~llu nuinly fmm the swond. more sustalned. ball d fin. 

Sf feClh3Wn anlnsl pemnnel.  For permnel in tha opan. wlthin orw-blf 
mila ob cenpht of tha airbunt detonation. death would occur rlmoat lmumanb 
OUSlY 01 within a fw houn fmm (ha blast. heat, and redimtion etT.nr Within a 
ndlw of au-h.lf mile and OM mile from zeropoint. SOW p e m s  would dla 
itubndY. *hila nuiorit? would reaiw varying degrm of injury. Ordinuy hewn 
and a t r u d u m  would d w  complme destruction or aatenslve damnga and Ihn 
would be d d n p n a d  Oublde a ndiut of one mile end within e radius d two 
mil- from nropolnt -el would sutler injuries from flash burns and indirect 
blast eI€mXa. Oubide m d i u a  of WO miln and within e rmdius of four m i k  per- 
m e 1  would bm i n i d  by flying fngmentt and suffer superfscial wounds. Strueturn 
wuld  ba b l f  or Partially destroyed within this radius. In en airburat nplOrim 70 
pmnt d thors e would mSer Imm treuma. 65 Wrcmt from b u m  end 
war 35 p.mnt from ndiation 
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Ddaymd gamma ndlatlm fmm tho bass surge is rlmilar to immadlate p m m  
radlath, &apt in its nondlnctional chanetsrlstln. The shleldlng rquirammtr 
a n  slmihr to tha in tha prwlaus sltuatlon, In that tha iams half-thicknnsn 
appllcabk. Than  a n  no dalaymd ruutmns of ~IplRcaneai hanee, s&al shkldln; 
Is of no lmporunm in this pmb1.m In thm dalayad dbqtion wa also hwo lmpnrtant 

htmca fmm tha #urn, h u n  of tha flcimt shlrldlng furnished by dr. Whom 
t to  ku sum# b nvmunding tho loation In qurctlon, be1. mdlrtlon is Important, 
k n u r  the h . l f - t h k h ~  of air Is about 4 yd. Normal dothlng furnlshm sufiirnt 
shlaldlly to ku radiation. Simihrly, thin vlllr and the d a u  In window u. 
. d . ~ u a t h  It Is, of mth nondlnctional and eomn from all ildos. The ntmt of 
th. a a m l  hanrd furnlrhad by bna frdlatlon Is  not wall undmtwd. It I0 b l l a v d  
c o m p n b b  to that of p m M  ndlatlon whm a baia rufga has bam cnaUd. Alphs 
radlatioa o o ~ n  fmm the nonflukmed plutonium and unnlum. Thl0 radlatlon 
constimtr no atmu1 haznrd, as the skin furnishes adquato shielding. All the 
alpha n)l a n  abmwbd In tho apld.rmls with no rnultlng dnmaga to llvlng tissuas. 

hkmd ndlaUot~ #ots Ins  the body through inhalation, ingestion, or injection. 
Thb is d h y d  h m r d  ud lr poalbla only where QM Is in tha base tuft* the. 
d r m m  cloud, or m uy o w  whlch the k0s surga hu pnvlausly p d .  Tha 
iatrml huud -rally occurs only ub.n  the^ Is aha .(1 &nul hrurd.  I1 OM 
lr ..pard to tha hr sursa or i s  In tha mushmom cloud, the mrrnal radiation 
Is often kchai nitbaut any coruldmtion of an Internal harprd. hrtleulariy if ma 
is wmkhq in a highly mntamlnmted uu rftor thr datorutlon, than Is a slgnlhunt, 
but not mrcl ldiy kuul, d r ( m  of utarnal h a r d ;  but thm Is alro a wry gmt 
Lntmul huud. "Ids h Outd  bl dlstutbing tha du8t and u8ually enhn t h  M y  
th- inhalrtloa An rddltiennl hmmrd adst0 from eating with cant.mlnatd 
hands ad thus w t h g  tha .ai*. mr1.rll Into the body through the moua 

In  tha aw of m atomic nplorlon. r small amount of thlr ndloactiva nu~I1.l 
Is in t h m  lonn of a huo p s  or vapor. Almost all of It erlrts on prtldas of dust 
or dmp*b of wtr. ?hm conta&td p.rticIes hrva r sin rmge from 0.1 to 10 
rnkrrmr Tb. Ntw b r d m n  cab m r k  such as the asuult nurk is kllmd to 
si*. d-1. protrtiah T h i s  Lutm is Mnmoly  rllidmt It lr quit. posslbla thmt 
new muh will k dn*rd that Wlll'pmtoet against atomlc, blolcglc, and chamleal 
d a m  Sucb a dmlopmat Is highly d d n b l a .  P m t d v a  clothing would be 
npu(nd for W h  d n S  conbmiruud a r w .  It would probably b. pnnnbla 
cletNnC Ita nuln nPu1-t 1s that I t  h u l d  b. dlspomblh Its functions -Id 
b. to lorp mrmdnatod nutsrhl from tho skh and Darlbla lator mtry Into tha 
Wdy. DbpmnbllQ Is d d n b l a ,  u then M t d a l s  -not be d o r e d  hann1.n by 

bu.ctin pcotulm vlch flltmn or & I d  dr-mditiadng mrm in probmbly 
indimtd Ior 401 iamlblims ad undwmund shsltors In rntldption of atom& 
d n .  Such I I a r  would Dn*at tha highly conumhtad alr of th. ku S U ~  

from antmine instdktiona thmt othmwh would furnlrh dqum pmtmim against 
tha dlco of the .aomk banb. Th. dnrlopmmt of d.conUmlnmtlon t.chaiquas 
.ad fadllth is lndlatd 00 ndua th. long-term POJbiUty at p-i bmmin; 
contmnbutod .ad btu d v m  matwirl mt.r the body throue the respin- 
to#y d digUth StKh tdnipun Will pmkbb  mr l8 t  of washing away, 

EdllatlolL h 111 attack On mDdrm dtY It Is bdlwad that a b u t  50,WO duths  
noold -it from dWb born& It h fa% that, If tha Individual dvlUm and soldln 
In such a dty w m  .d.rFubl~ t d n d  as to what hs m i d  do for hlmrlf altar tha 
&todlm oeom, p.rh.p l o w  UVr Covld b. Und. Ths dmelopnwnt of atom* 
dofmw for tb. Wd rill b. tha subject of much work In ths futura. The 
dacrlim d Irrp oumbon of PonmiS, both clvllian m d  miilury, for s&al jobs 
in b and rlll PmablY b. pirm to such popla nao- 
lqic dety pnoarl, d i e d  &brs, elvllian doetors, and dvil d.l- w&. 
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For fhe Record 
It is no i i e w  that the war has fostcrcd amazing 

ndvanccs in sciencc. not the l a s t  of which nrc tlic 
lorwad steps of inctlicinc. Tlic r\rniy Xlctlicnl Deprt-  
nient with its expantled rcscnrcli and dcvclopnicnt 
program is preparing to apply many of thcsc scientific 
atlvancancnts to tlic postwar world. Thus thc hlcdicnl 
Ihpartmcnt is kcq)ing pace with tlic clianging condi- 
tions of glolul linltli nceds by dcvcloping thc practice 
of total mdicinc. 

Doctors who arc looking for outstanding training in 
any of the many specialties in nieclicinc and siirgcry 
will find (hat the A m y  Medial Dqnrtmciit o(lcrs 
iomc of the best training in the world. They rcccivc 
iiistructions and cxpcricncc under tlic guidance of top- 
flight Army and civilian teacliers. They use the. latcst 
quipment-work in large gcncml hospitals and lab-  
ratorica. They learn new techniques which few civilian 
doctors have an opportunity to ninutcr. 

For further complete information a h i t  tlie Graduate 
and I'rofcssional Training Program offcrcd to medical 
offimzrs write to: 

The Surgeon Gcncral 
Department of tlic Army 
Room 2E526, The Pentagon 
Washington 25, D. C. 
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