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Jatradugtion BEST COPY AVAILABLE

The advent of the "super" bomb has emphasised protlems of a
different naturs from those gensrally associated with the "conventionsl®
atomic weapon, partioularly those problems associated with the spresd of
s large amount of radioastive fallout material over an area of many -
square miles, It is the purpose of this presentation to outline ocertain
aodifications in thinking and planning that may result fron these differ-
ences. I shall deal mainly with the fallout radiations and their mediocsl
eoffects, and shall endesvor to give something of current thought on the
dlagnosis and treetment of disease states resulting from exposurs to '
these radistions. In what follows, the vievs expressed are my own and

do not necessarily reflect those of any inetitution or government agency.

Ellegta of the “Convenidopal® Veapons

For purposes of contrast, 1 shall mention triefly the effects of
oonventional atomic weapone which have been oconsidered chiefly in the
ocontext of a high air burst, The familiar hlast and heat effects fron
such a burst have been reviewved in many publications and no additional
comment 1c necessary, The radiation hasard s due to the initial gamms
rediation, and exposure to this radiation is only a few seconds in dure-
tion, PFallout ie of relatively mo significance with this type of turst.
Thus, there is no significant oontemination of skin and, therefore, no

* Modical Department, BErookhaven Metionsl laboratory, Upton, dMew York.
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skin beta lesions. Likewise, there is no aignificant problem from
ingestion or inhalation of radiocactive material, and hence, no "in-
ternal emitter" problem., Radiastion under these circumstances vas
oonsidered responsible four approximately 15% of the total ocasualties
that were treated at Hiroshima and Nagasski. It perhaps should be
noted, however, that radiation superimposed upon thermal or mechanical
injury undoubtedly ocontributed to the severity of such injuries. Also,
if blast and thermal damage were reduced by substantial buildings or
shelters, the percentage of casualties from radiation damage would
increase.

Rllecta of the “super” begd

With the "super® boab, the ssme problems encountersd with earlier
atomic wveapons will aleo be encountered, only magnifisd meny times. The
area of total destruction, instead of one or two miles in diameter, may
extend to many miles, depending upon the size of the weapon. There will
be blast, heat and radiation casualties as before, and the sams problems
of bandlingmass casualties on an unprecedented scale with minimsl or no
facllities will pertaein, In addition, the problem of extensive fallout
may enter, - NYOO

The possibllity of extensive and seriocus fallout is not restriocted
to super weapons. With surface, underground end underwater burst of ecn~
ventional weapons, fallout has been long oonaidered; however, its possible
seriousness was not oompletely appreclated until information on fallout
from the “super® bomb was released by Chairman Btrauss (press release of
Peb, 15, 1955). Prom his statement, it appears that the bomb's eloud

could drop radicactive aches in a cigar-shaped sone about 220 miles long
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and 20 to 40 ailes wide, an ares extending from hoenix to well into
Culifornie or New Mexico., Lssentially all unprotected persons in the
contaniriated ares for thirty-gix hours or more within 140 miles of
ground sero would dis fron radistion exposure and sons deaths might
result among persons as far as 220 miles from the blast, Ths zones
thus outlined for potential morbidity and lethality will depend ob-
viously on weapon size, wind and other weather conditions, eto.
Chairman Strauss eaphssized that possible casualty figures given
sre for the worgt pogsible situation. Casuslties might be reduoed
greatly in nuaber becauss many in the area would take shelter or
evacuate the area. Also, the pattern of fallout might be spotty in
nature, and thus, many would esscape exposure. Neverthelsss, the aresa
vhere potentislly serious easuslties may result will exceed by orders
of magnitude the relatively small sreas for conventional weapons, end
in the following I should like to investigate the problems involved
in the contsminated area that should bs considered in youwr planning,
Significant fellout results only when the fire ball comes in
contact with the surfece of the earth, ¥ith the high air burst, rsdio~
activity condaonses only on aolid perticles fron the bomd casing itself,
and on dust in the air. The particles are small, are dngwahdgh into
the atmosphere and do not settle to the earth for s poriod of days
or even montha., By the time they rseach ‘the earth's mnmue,othe
maJor part of their rediosoctivity has bsen dissipsted h-amlcasl.y in
the atmosphere and mo significant harard results. If, however, the
weapon is detonated on the surface or close enourh so that the fire
ball touches the surface, then large amounts of material will be

drawvn up into the bomb cloud, Many of the particles thus formed



are heavy snough to descend rapidly vhile still intensely redioactive,
The result is a comparatively localised area of extreame redioactive
oontexination and a much larger area of some hasard.

The fallout area will oonsist of a large contaminated plane,
exitting alpha, beta and penetrating ganma radistion, It vill be
apparent that most of this fallout area will be beyond the range of
destruction by hlast or heat, and thus, we are dealing with essen-
tially a "pure” radiclogicsl situation. Let us consider the possidble
mediocal effects of these radiations, their relative importance and
posaible methods of preventing the ofroc't‘.s.

RLects of Genma Radlation Lrom Fallouk

The gamma radiations are psnetrating and will produce the
sams type of injury produced by the initial radiation from the
conventional weapon. In thes one ease raiiation is delivered from
a "point source"; in the other from & plane fleld. In both situa-
tions, penetrating rediation of the entire body results. Qualita-
tively, the results are identical. Quantitatively (e.g., dose~
effect relationships), there may be differences dus to incompletely
knovn and understood differsnoes in the energy of radiation and
goeometry of exposure under the two conditions, and to differences
in dose rate. For these reasons, and for additional reasons to be
advanced later, instrument readings of rosntgen doss measured in
air and published dose-effect tables for man should be used only
as a rough gulde in cesualty estimstion, - NYOO

Por order of magnitude of doses that may be encountered in
the fallout area, the following figures for total dose for the first
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thirty-six hour period, are quoted from Chairman Strauss' release,

Ten nilee dowvnvind froam the large devioce fired at the Bikini Atoll

on Nerch 1, 1954 vithin the test site, a total dose of 5,000 roentgens
vas deliversd over a pericd of thirty-six hours, The largest total dSee
delivered ocutside the test site vas 2,300 r for the same period at the
north-vest end of Bongelap Atoll about 100 miles from Hikini, Two

other areas in Rongelsp, 110 and 115 miles from Bikini, received 2,000
and 150 r respectively. Ancther area, 125 miles from Bikini reoceived
1,000 r over the thirty-six hour period.

Kffeots that may be sxpected for given doses of penetrating
radiation given over a fewv mimites or hours are indicated in Table I
(Bandbook of Atemic Weapons for Mediocal Officers, prepared ty the
Armed Forces Medical Policy Council for the Army, Kavy andi Air Force.
June, 1951). It is emphasized that such tahles are derived from animal
deta and m, should be taken as approximations only, NYOO

With regard to the prohlem of dose rate, there is uuntially
no difference in effect of a given dose delivered over a fev seconds,
a fev minutes or a fev hours. However, a dose delivered over several
days or weeks vill be much less effeotive for scme sffects, than will
the aame dose deliversd cver a fev mimites. Some dats indicate that
the effect of a given total dose decreasee roughly as the fourth root
of the pumber of days over which the dose 1s given; thua, a dose de~
livered over 16 days would be one-half as effective as the ssme dose
delivered over one day. Thess relationships wers worked out on ani-
mals, using the so~called "resctangular® dose schedules, e.g., dosss
delivered at a constant rate. There are no data available to evaluate



TABLE )
. Kffects of Asute Total Body Irradiation on Human Belngs

5 r Mo casualties. Mo reduction
in effectivenssa.

100 r. Two per cent may be casualties,
(Nausea and/or vomiting) for
short period of \ime, Mo evacus~
tion contemplated. No significant
reduction in ocombat sffectiveness.

150 r Tventy-{ive per cent casualties
in a fev hours, Pirst definite
reduction in effectiveness. Fifty
psr ocent of the casualties in this
goup vill have to be svacuated.

200 »r 4All must be evacuated as soon as
possible, 50 per cent vill be
non—-effective,

300 r Approximately 20 per oent deaths.

All need evacuation immediately.
All are conbat non~effectives.

S0r Pifty per cent deaths.
NYOO

Over 65 r Lethal dose, tut no necessarily
. for all so exposed.
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adequately the effect of a constantly chanzing dose rate as is en-
countered in e ficsion produet field., 4lso, the relationships were .
worked out usin: acute effects, such as 30-day mortality and it is not
at all ocertain how closely they spply to lonper-range effects such as
canosr production, shortening of life span, etc., Genetic effects are
dependent on totel dose and ehov little or no dependence on dose rats,
Some warning of possible fallout will be availatle anl the
fallinz reciocactive material may actually be visible, 42 stated, the
pettern of fallout will depend on wind velocities and other weather
conditions, and the pettern is thur difficult to predict under the
bast of ciroumstanoces, However, it will be apparent that in closer-
in ereas, fallout may not ocawr for severel minutes after the blast
and this period may extend tc several hours at greater distences and
with alover wind velocities (the fallout begar epproximately eight hours
after the March, 1954, detonction 160 miles rran Blidni, and lasted sev-
eral houre)., Thus, there is some time for evasive action. Consideration
night be given to evacuating the area if possihle fallout patterns have
been investigated and are believed to be predioctable. Or it may be
possible to take shelter. Suffioient time prodbably would be availahle
to allov relatively complete preparation for an extended stay in ade-
- quate shelters with storing of sufficient food and water to allov some
admtagntobotnkmofthedocayoffhdoapmm radiation with
safer evacuation of an area a few days after the fallou'Nygaocilitiu
may, for the most part, be essentially intact, such as water, power,
fire-fighting equipment, etc. In this sense, at least, one is im
mesgurahly better off tharn within the area of blast anxd thermal

danmage,
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Wit regard to effestivoness of shslters in the fallout area, the
folloving eotimates have been relsased. 4 frame houso would reduce the
total dose received by one-half, and a brick or concrete structure would
be more effective., 4 basement would reduce the total exposure to one-
tonth of its valus, In e shslter of thicimess equivalent to three feet
of earth, the dose would be reduced to one five-thousandth of its value,
affording conplete protection in the most heavily contaminated areas.

It should also be noted, on the ot|her hand, that while the decay
of fiasion product redistions is extremely rapid over the first few
minutes after detonation, the rate of dooqy{ becomes oconsiderably less
repid in the succeeding hours. Thus, with fallout occurring some hours
after the blast, if adequate ghelter is not ava‘ilablo, earlier evacustion
may be better than relying on partial shelter and on rapid decsy of the
radiation field. Sterting at ons hour after the blast, s given dose
rate will fall to ebout 4i% of its valus by one hour later. However, at
ten hours after the blest, a given dose rate will fell by only 11% of
its value in s period of onme hour, e.g., the dose rate at 1l hours will
be 89% of what it was at 10 hours. Such statements as "more than 80%

.of the radiation dose from stonic debris will be delivered within 10 hours
of the explosion time" are true only if fallout occurs irmmediately after
the detonation. If the maximum fellout and thus maximun exposure rates
in a fsllout area have not occurred for seversl hours, the rate of fall-
off in the ares obviously will not be as rapid as it would be for earlier

fallout material,

gkin Sffects of Bete Redistion from Fallout - NYoo
It is lnown from reports of the fishermen exposed to fsllout"ashes"

in the Pacific zrea on lerch 1, 1954, and from reports on Msrshullese ex-

posed at the sems time (24.5.C. 16th Annusl Report, quoted 1in Bull. Atomie
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Scientists, 101352, 1954) that the fallout was visible and that it elings
to the hair, skin and clothes. It is also spparent froam these reports
that extensive lesiohs of the akin and epilation can result from this
fallout material. It is known from the exteusive literature of beta ef-
fects of the ekin that following exposure, there may be itching and
burning vhich may or msy not be followsd in & fevw hours by an erythaua.
The erytlhema leste only omsor two days, fallowing which a latent poriod
occurs. Approximately two wesks after exposure, pigment alteratione and
woeoration of the exposed skin are pean, With more swperficial irredie-
tior and mmalier doses, these lesions may heal rapidly with no known
residual damage. It seems probable from published reports thet this
has ocowrred in the exposed Japanese and Marshallese, With higher doses
of wore panetrating bete radiation, the lesions may progress to clronie
radiciearmatitis,

Several points should be made regarding beta lesions from fallout
reitations, Beta lesions of the skin and depllation can coour in the ab-
sence of lethal doeses of gamma rays and ecan be serious and, thus steps
sbould be taken to prevent them. 4nd it would appsar that, vith reason-
able precautions they can be prevented, or at lesst markedly reduced in
saverity. GmtactotthntdlwtdththeakinmboprmnﬁdWro—
maining within suitable shelters or by wearing ordinary clothing. Damage
to the expoaed Japanese occurred only in areas where the populstion was
not protected by alothing, If exposure eannct be prevented, early amd
ooxplete decontamination of the skin and hair would provaNn¥ ?:a(? lesssn
the sewsrity of the lesions, Particular sttention should be given to
the halir because of the likelihood of activity being trepped there,



The Internal Hagard fron Falloyt

The fallout materisl can be inhaled or ingested and it will, of
oouras, contaninate exposed food or uat?r suprlies. Thus, as with beta
burng, the possibility of a hasard from this source is possible. As
with the beta burns, however, there is evidenoe that the problen may
not be too serious and relatively simple measures will aid in wminimising
exposure. The particle sizes of the fallout material, reported by both
Japenese and American scientists, exoeed the optimal size for a msjor
inhalantion hazard, Fron publishad preliminary reports on the Marzhallese
eaxposed to fallout (Bull, Atom. Seci., 101 352, 1954), the &.:.C., econsiders
the degree of internsl hasard in the exposed persons to be small, This
is encouraging, since it ocan be resunad that these people lived in a
relatively primitive state where maximuzm prodbability of contaminetion of
food and water supplies existed. If the hgsard wss ninimm under those
conditions, it should be even leas under conditions of modern American |
living, wWith all of the testing of nuclesr devices. in Kevads and elsewvhere,
the level of strontium, the most importent fission proiuct as far as
internzl haserd is concerned, is still 1/1000 of the conservative A.E.C.
tolarance. o NYOO

I do not wish to imply that the problem should be neglected, since
effects of internally-deposited radiosctive materisls may not become
apparent for many years and, thus, the problem will not be fully evaluated
for years. Every possible precaution egainst inhaling radicactive material,
or of ingesting oontaminated food and water should be teken. Gas masks
that efficiently remove fission produst perticles fron the air are

available and even a wet cloth over the faoe is of consideradble value for



this purpose, Sprinkling of an erea is effective in reducing the amount
of dust in the air, ‘Plain water, or soap and wester will renove a large
proportion of contaominant from most surfaces. That remsining is firmly
fixed and is not likely to become airborn eesily. If a personnel deson-
texninstion center is established, it ghould be relativsly moblle and
igolated froa more permanent buildings where definitive csre is given,
This stens from the fact thet contaminotion can only be trensferred, not
destroyed, end the decontanination area is likely to beoome quite "hot®
in a relastively short time. Tinned goods can be eaten with complete
safety and it 1g highly unlikely that city water systems outside the area
of blast damage will be contaminated soon after a burst. One thing eppears
%o be cortain — any effects from internal radiation vill be long range
and will be of no concern in the acute period. Total=body radiation from
game rays, and skin irradiation from beta-szitters will be the chiof

radiological concern at early times following an explosion.

- NYOO

The problens imvolved with estimation of dose received by the
individunl aere difficult, It is possible that dose estimstes may be
avallable fron dogimetry devices, or from dose-contour lines and the
position of the individual durinz exposure. Some of the diffioulties
~of relying heavily on dope estim=tes heve bsen pointed out. The exact
position of the individuel and the degree of shielding will not bs lnowm.

A dosimetry device records the dosc the instrument receivsd, which may
not reflect eccurately (because 6!‘ shielding, energy dependence of the
devioc, etc.) the dose received by the individual., lMore important, because

of individual differences in gensitivity, two individuals exposed to the

//



same mensured dose may differ widely in their response. Thus, no estinsde
of dosc derived froa dosimstors or from the poaition of an individusl during
exposure should be taken as an accurate index of the probable fote of an
individual, or as a final index for thorapy, triege or prognosis,

The best epproach for estimating the seriousness of exposure of the
individusl may bde termed the symptomatic approach. As with any disease,
an socurate appraisal of the patient's condition roéults only frow a
thorough evaluation from the history (including plhysical estimates of dose),
a8 physical exunination and pertinent laboratory data. If heavy exposure has
ogcurred, nauses and vomiting will follow in most individuals within a2 fevw
hours, This doss not necessarily indicste & poor prognosis, however. Heavily
expoged individuals can be divided into three groups in which aurvival is
respectively, improbable, possible and probable., It will be apparent that
thero is no sharp line of demarcation between the groups.
Group I. If vomiting is followed in rapdd succession by prostration,
diarrhes, anorexis and fever, the prognosis is grave and death will oeccur in
esacntially 1005 of individusls in the firat or meocond weok. The neutrophile
and lymphooyte counts arc esrly ani profoundly depressed. Therepy in this
group is at present to no aveil. - NYOO
Growp II. If vomiting has occurred esrly, followsd by a period of v;ll-being,
the patient should be watched closely and serial blood counts should be
followed if possible. The lymphooytes are profoundly depressed within howurs
and remain so for months. The neutrophile count is depressed to low levels,
the degree and tims of meximun depression depending on dose. Signs of
infection ma; be seen wher the total neutrophile count has reached virtually
zero (at epproxinutely seven to nine days). The platelet count may reach

very low levels after epproximately the ninth day, and externsl signs

/e



- ] 13.

of bleedinz may follow, In hicher exposure groups in this oategory, the
letent period may extend from ane to threec wesks with little in evidenoce
but mild malaise. At the terminstion of the latent period, the patient
may develop purpura, epilstion, oral end cutaneous leaions, infection of
wounds and diarrhea or melena. The mortality may be high with no therapy,
and in this group, therapy may be of meximun benefit,
Group II1. Meny individuals vho are namuavated and mey even vomit sarly
after exposure show no further systemlc effects of the exposure. Information
on this group of individuals has been obtained from pstlients subjected to
total=body radistion in the course of isotope therapy for pelintion of
metagtatic bone lesions, perticulerly et Brookhaven Nntional Laboratory,
These data, coupled with that from snimals and fron other human exposures
in this higi: sublethal dose range hnve yielded considerasble inforu:tion on
thie group. svidence of exposure, in adiition to early neusea and voniting
if it occurs, can be obtained only from laboratory dasta, chiefly blood
counts. The lymphocytes reach lov levels end msy show littls evidenoe of
recovery for .onths after exjpogure. T7ho granulocytes may show some
depression during the second and third week; however, considerable variation
is encountered. A late fell in the sixth or seventh wuwek may oecur and
should be wetched for. Pletelet counte reach a low on ap,roximately the
thirtieth day, at the time when meximum purpure was observed in ths
Japaneao exposed st lHiroshima and Norasaki, ™ NYOOC -
In this proup, individusls with neutrophile counts below 1000/mn3
msy be completely asymptometic., Likewise, patlents with pletslet counts
of 75,000/mm> or less may show no externzl sisns of bleeding. It is well
kmown thet £ll defenses against infection are lovered even by sublethal

dosse of railstion and thus, petients with severe hemetologies) depression
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should be kept under olose observation and administored appropriute
therapy, as indicated.

Therspy of Radisticn Indury

The treatment of acute redistion 1n,1ury has been discussed in
many publications and is essentially that which sound olinical Judgment
would dictate. Supplies and medications are those indicated for any
mass oasualty situation, and emphasis should lie chiefly on the mepnitude
of the supply problem. 4antibiotics will be required in largs emounts
to combat the infection that plays a large role in morbidity and
mortality among irradisted individuals, and blood, plasma and other
intrevenous fluids will be required to correst ths sphock, anemis and
fluid imbalanoe. These agents should be uged, as in all ecliniocsl
conditions, whon clinieal and laboratory findings (4f laborotory work
is possible) indicaste their need. Any marked prophylactic value of
these agonts has not been demonstrated, and consideretions of probeble
short supply in the face of ovorwhelming demand would militate apgeinst
thelr use in the absence of cleer olinicel indications, There are no
drugs specifioc for rediation injury in msn, Considersble prozress 1is
being msde in developing agents effective in enimels if siven prior ¢o
irradistion., A pronising new approach to post~expogsure thora;y lies
in preparations of spleen and hone marrov found tc be effective in animels,
4 second prouising approach lies in the.adwinistration of separsted
neutrophiles to combat infection, emxi in giving sepnragg %ﬁt«elota
wvhich will prevent hemorrhags. At present, none of these preparstions
is developed sufficiently to warrant consideration of stockpiling.

/7
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There are no epecific drugs for the treatment of bein lesions of
ths s:dn, Sorupulous cleanliness sbould be obacrved and bland, water-
soluble lotions may be epplied. Infections should be trected with anti-
biotice as may be indicated.

A similar situstion pertains with regard to the internal radiation
hagard, Uertain cheleting agents and metals such as zirsoniun have shown
considerable promise in animia both in preventing deposition of certain
of the fiassion producta in the bones and in acoelerating their removal
following deposition, The earlier these compounds are given following
exposure, tue more effective they are, However, as indicated above, it
is doubtful that the need for such azents in the acute period following
an attsok would bs gresat,

The following additional sugi'estiong reygarding 4lie care of bomd
viotims are submitted for oonsideration. Although eivil defenss
organigations in general have made great strides, it is apperent that
even with a well-integrated plan some degree of chaos will be present
and early eid to many vioctims Q_ill pot be forthooming. Hence, the
importance of self-eid and mtusl-aid in effecting survivel must be
stressed. Doctors and medicsl focilitiea of any kind will bs in critiesl
short supply; thus, training of lay individusls in more definitive treat-
ment, rather than only firet aid, deserves your cereful oonsiderstion.
Since accurate . rediction of where a bomd will fall is impossible, ocentral
civil defense organismation in eriticsl target areas sghould be sugmented
by a “eellular" plan, a plan of geographical units within ti(he area that
are essentislly self-sufficlent in terms of supplies and oou?m?xioatiom.
and which can render aid to other cells damaged by the bomb. Thinking 4n

terns of damage within s target ares edequately handled by the facilities
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of the region must be replaced with consideration of possidle complete
immobilisation of facilities, with resultant dependence on sljecent non=-
affested resionas for old,

Sumary gnd Conolusions

1) Tho medical problems in the imwdiate vioinity of a oconventional
atomic weapon or & supsr bomb will be essentislly similar, wWith the
larger weapon, of course, the areas of demage are much larger and, thus,
the numbers of viotims with mochanical, thermanl, or radiation injury will
be greatly increased,

2) In addition, wvith larze weapons, an area of fallout can extend
for thousands of square miles beyond the range of thermal and blast injury,
resulting in gemma irredi-tion, beta irradiation of the skin and & poten-
tial internsl hazard in the absence of blast or thermal injury. Serious
fallout can occur several hours after detonation and et great distances,

At this late tims, the early, wery steep faell in dose rate has slready
occurred and the dose rate falls off at a much slower rate. There may be
adequate time for countermeasures and early evacuntion or other effective
evagive action will reduce by a large amount the total dose recsived.

3) The gamna radiction 1;1:;7 far the most serious hazard on the
fallout ares, It 13 penetrsting, and exposure can result in the sames
acute rediation injury observed in the Japanese st Iiroshima and Faresaki.
The quantitative dose-effect relationships may be altered becsunse of doss
rate and other differences between the two types of oi;oaln‘e. NYOO

4) Bete radiation of the aldn froz fallout definitely can be e
problen in ths asbsence of lethal doses of assocleted gomma radiation.

Although lete in appesring, the axin lesions mey be suffieciently serious

/6



to result in a "casualty". Of egusl importanco, however, is the
oonsideration of the effoctiveneas of rather simple oountermeasurca in
preventinz the lesions. The lesions spperently result mainly fron
material deposited directly on the sidn, although bete radiatj.on fron
the ground, building, or even clothes may contribute to n small degree,
Thus, shelter within a buildin- covering exposed skin areas with clothing
" and early sxin and hair decontamination would go far toward preventing
this hazard,

5) 3ome degree of internal contamination will ocowr in persons
exposed to fallout. The amounts deposited in the body, however, will
be relatively smell. It ap}oura osertain that no @niribution to the
acute medical picture seen will result from this cause. It appears also,
although date arc incompleto, that little or no long-term hagard is
likely to result from this csuse, particularly if reaoonab?oygeoautiona
are toksn to avoid exosssive inhalation or mgeétion of the mnterial,
The ecute medical prohlems in the fellout area will be concerned prineipeally

with total-body gamme exposurej some with beta irradiation of the skin,
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