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l lfTltODUCTlOlf 

The relative importance ot beta. compand to gamma radiation fn fallout mate­
rial In terms of casualty production has been subject to debate. Before the acci­
dental erposure of the llarshalleee ( 1) and the Japaneee ftlbermen In March ot 
1004 (:?). the tf'llden<.')' was to Ignore fallout in general. and beta radiation from 
fallout In partkular. as formidable lnjurloua agents. The events In March of 
1964 eerved to demonstrate conclU&lvely, ( 1) that hlv;h-lenl radlOllctive fallout 
can result In estremely widespread aerloba lnJurr and even death in an aft'ected 
population. and (2) that estenatve beta lesions of the 11kln nm result, In the 
abllence of a lethal exposure to penetrating pmroa radiation, In an UDJ>l't'J.lllred 
population esposed to la~ amounts of radl1M1ctlve fallout. Jn this prtlllentatlon 
the nature and e:xtent ot skin damagr that mlcht ~ult from exposure to large 
amounts of radioactive fallout wlll be reviewed. In doing this heavy rellanPe 
will be placed on tbe llaraballese data (although other e:ramples are a vnilnble l. 
since thest> data represent a well-documented example of fallout beta lesions 
In a sLzable population of human beings, and since the author ob!M'rn'<l and 
helped care tor tbe lndh1duala involved and thus can speak from ftr11t-ha11d 
erpertenct>. Followtnc thla re'1ew ot the nature of skin damage that can result 
trom radioactive fallout, the pouible decree to which the Manhallese situation 
might pertain under circumstan~ In the United States rather than In tile 
mid-Pacific. aod under circumstances lo which the exposed population l>1 better 
lntormed and better prepared, 1'111 be considered. Finally, an attempt will be 
mad1• to place tbe potential beta lesion problem In perspective with n>gard to 
lta seriousness compared to the huard from the penetrating gamma ralllntlon, 
which of rourse Is invariabl7 preeent. 

TUE )U . .118U.A.LU:8.E I!\'CmElllT 

Sow with N!'llpect to the beta leelons In the Marsballese ( tbe affected area11 
are termed "beta leftlons" since a very larce percentage of the dose received by 
the skin surface resulted from beta radiation). Tbet1e lndlvlduala were show­
ered with radl!J8ctlve fallout tollowlng the detonation In March 1964 of a Wgh 
yield thermonuclear device durlnir weapons testing at the Pacl!k Proving 
Grounds. The wind shltted unpredictably following the detonation, leading to 
unexpected fallout In slgnllkant amounts being deposited on the atolls of Ron~ 
lap. Rongerlk and t'terlk. The CH Marshalleee Individuals on Rongelap at the 
time, 105 nautical mllee from the detonation, received the largest exposure a"" 
I shall confine m;r remarks to this group. Tbe fallout was visible on Rongelap, 
described as snowllke. and began talllng approximately ~ bouT'!I after the det~ 
nation. The material was depoelted on the ground and on tbe thatched-roof 
houses. as well as on the clothes. hair, and skin of the people. The individuals 
remained on the Island for approxlmatel1 2 daJa. at which time tbe7 were tra1111-
ferred to the U.S. !'iaval Station at Kwajaleln for medkal ob@ervatlon. 
~o dlslmeters were present on the Island, and the dOIM!& of gamma radiation 

received were estimated from average readlnp ot snrvey Instruments held 3 feet 
above the ground. of the order ot a week followtng the detonation. From tbeee 
readings lt was estimated that the Bongalapet1e received approximately 17~ r. 
of penetraUng gamma radiation, doee measured esaentially free In air. In addi­
tion to gamma exposure. these Individuals received large dOllell of beta radiation 
In areas of the body In which the (illlout material was adherent to the skin. It 
ls not ix-Ible to calculate with any reasonable degree of accuracy the doee to 
the skin from beta radiation. Eatlmates involving the known minimal dOlle ot 
radiation to <-ause hair Jou or epllatlon indicate that the surface of the !!kin 
probably received of the order ot ri,000 or more rads. 

With regard to symptomatology, 1'ith tbe exception ot nauaea In some two­
thirds of the Individuals during the tint 2 daya. and vomiting and diarrhea in a 
smaller percentage, no symptoms deYeloped that ronld be aBCTlbe<l to penetrating 
gamma radiations. However, the penetrating radiation did re11ult In marked 
peripheral blood ronnt chances. No deaths occurnd as the result of irradiation 
nnd all Klgns and symptoms except the Initial gastrointestinal symptoms ~ 
!erred to were related to beta lesioD.B ot the skin. 

Within the first 2 days ot expo11ure a number experienced transitory itching 
and burnJng of the skin, and some complafned of lacrymatlon. No further signs 
or symptoms referable to the skin were noted until about 2 weeks after exposure, 

BEST COPY AVAILABLE 



; 

I 
I 

r 

I 

5 () I I 

Kft'EC'1'8 OJ' NUCLLUl WAR 381 

when ekln le9lona and epllatloa. or lo. Of balr, wu noted. Approzimatel1 90 
pettent ot the lndlnduala llbowed IOIDe damap Of tbla nature to the akin, and 
a amaller number •bowed apott)' epUatlOD. Tbe •tin l•loaa arat appe1ared aa 
11111all, ral.aed p1-Jnented area&, wblcb later coaleeced to form more e:s.teoaln 
le.rlona. Tbe nature of tbeee lealou la lndlcated lD ftpree 1 to 6 (pp. 884 to 889) . 
Moat of tbe leelOD8 were aoperllclal and emlblted drJ deeqoamatlon or Jou of 
akin surface much Uke a falrl1 aeYeTe llWlbom. Eaentlall1 all lt!llfona were lo­
cated ln akin area• not co•ered bJ clothing, and the1 were moet prenleot ln the 
folded areas of akin where penplratlon would tend to collect. Even thin cloth· 
inc apparently sened to pre•ent Ylalble damqe. The superftclal lesions re­
quired no therapy beyond bland, aoothlnc preparations, and apparently complete 
healing occurred within a few weekL Some of the lesion• were deeper, however, 
and showed wet deequamaUon or lou of akin. Such lesions became Infected, 
and required treatment with antibiotics. :t'be affected areas, with the exception 
of one, also healed In a matter of weelta, with aome residual scarring, atrophy 
and deplgmentatlon. On followup examtnatlooa in the 5 years since the acci­
dent (S-7), none of the lellona baa ahown a tendency to break down, nor has 
premallgnant or malignant chance occurred. 

In the course of initial obeervatlon It waa not necessary to hoepltallze any of 
the patlent.11. Some ltdllnc, bot ·no pain waa aaaoclated with the auperftcial 
leetons; however by no atandard oould theee people be romldered lncapacltated. 
Mild pain waa a~ted with the deeper lesions and some dlfnculty with walk· 
inc reaulted with the deeper le9lona located on the feet. Here also, however, It 
would have been dUllcult to claulfy ,t.hetie Individuals as lncapacltatetl. If 
nl!C'efUMlry, they rould have performed euentlally any tll.8k a880ciated with dally 
living and survival. 

APPUCATIO!'i' or THZ MAB8HALLE811: Bl:BULT8 TO FALLOUT 81TIJ'ATION8 Irr OEND.U. 

So much tor the MarBhalle.e accident Indicating that extensive beta aklo 
lesions can occur ln tbe face of subletbal gamma exposure; now let us ronalder 
to what d~ree the Manhalleee Incident may be coD.Bldered typical of what might 
occur In ease of wldeepread fallout In populated areas of the United l'Hatea from 
deliberate attal'k, or from accidental nueleer weapon detonation. And I wish 
now to make It perfectly clear that I speak of a dlaaHter altuatlon, not routine 
peacetime 01>eratlona and certainly not the lon;t·range fallout that baa resulted 
ln et111entlally worldwide, very low-level contamination. Tbel"0 are several tac· 
tor11 that would make one consider the Marsballeae Incident the worst that could 
rMsonably pertain wltb respect to the hazard of beta radiation relative to that 
of gamma radiation (of coune, populations might be exposed to conalderably 
larger dOl!Ptl of both beta and gamma radiation than were th~ Marsballeae). 
Tbet!e people were not alerted to the poaalble hazards <Yl fallout and had no 
comprehension of what W&ll happening; thus they took no evasive action and 
made no elTort to decontaminate t.helllllelves. American servicemen on a neerby 
contaminated Island, who were more alert to the danger and added clot.bing and 
deeontamlnated themaelvee showed conaldernbly leu etrect. than did Marahalleae 
com11arably exposed. The Rongalapeee were not evacuated from the contami· 
nated Island. and thu1 were not dt!(!Olltamln11ted tor 2 d11y11, nt whll'b time a 
large percentage of the dOBe from the rapidly decaying llsaion producta bad 
been r~-el\'ed. It ls clear that the great l>ullt of tile l>eta uat1e was derlvetl from 
material depoelted on the akin, and the habits of the Marshalletie tended to 
maximize the depo11ltlon of the material on tbt! akin. They wore rather 9C8Dty 
clothln1t and no ahoee, and spent a good deal of time out of doors. The use <Yl 
thick hair oil aided In collecting the material on the head. The blgh humidity 
and 11weatlng contributed by encouraging the material to collect on the akin. 
ThWI one might ronclnde that the beta leslon11 would constitute an extenstve 
problem only under the rather favorable conditions for lt that were present In 
the Marahalleee, and that the problem would e911e11tlally not exist should an 
Amerll'So dty be subjected to fallout radiation. And further, one rould con­
clude that since beta akin le1dona might be cl11.1111lfted more ns a minor elTect and 
a nuisance rather than an incapacitating or deadly one, that one might e88ell· 
tlally Ignore the problem In the face of the known serious consequences of the 
penetrntlng iramma rafllatlon and other potentially lethal modalltle& ThlB 
evaluation could pertain; however, It 11 neeeesa17 to Inject a word of caution. 
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It la qult.e true tbat Amertcam 911Rd a pod deal of Ume tnalde; howeYer, 
t111der aome drcmmtances (warmer reclon.s. .1AUD1Dertime) 1lsable numbers could 
be outside, wlth portlona of tbe Bkln expo!led. Aleo, especially in the 1ierh1heral 
SODe trom tJae point of detonation where wlndow1 wa7 be shattered without 
other .erloua 1tructural damap, lt ma7 not bf! neceBll&l"J' to be outalde to have 
material de.-.lted on one. Fallout on a prel·lou.17 del"aatated area would pre-
11e11t a llb picture. The fallout wu vlalble ln the Marshall•; lt might not be In 
continental 110rroundlD1L IJ9'ell a thln l&Jer ot clothing protected the 
Marsballese trom vlalble damage from fallout from the particular device em· 
plo7ed. I do not know to what degree the betJ& energy 11pedrum from tbla device 
would repreeent clolel,y that from more recent devlct!tJ. One cannot Ignore the 
J>O!laibiUty of fallout eomtnc down In l"llln, In which p\·ent elotblng, If not re­
moved, mlcht Jll'.O't'lde the lcleal altoatlon for 11evere beta leeions. It la entirely 
possible under the chaotic condlUona that would exist following attaek that no 
facllltles for adequate decontaminatloo may be avallable. An educated, pre. 
pured population under almost any elrcWD11tancea can do much to lesaen the de­
gree of damage or a10ld damage completel7; however, In the author's aplnion. 
the vast majority of Americana are neither prepared for, nor educated to the 
danger of fallout lD general. let alone the poaalble hazard trom beta radiation. 

The maln point to be made from tJle above remarka la that while beta leelona. 
conaldered lD the o.erall poalble euualty ldtuatlona, undoubtedly la a leeaer 
conlideratlon. It 11 •till poeaible that appreciable aegmenta of the lnvolved popu­
lation mJgbt develop beta leslona U e:J:polled to fallout and no preventive meaauree 
were taken. U tb1a be the situation. tJle reaulta potentially could be more 
eerloua than In tile Hanballeee, and much more than a mere nuisance, for the 
followlDJt reaaona: lD the Hanballe11e, whlle the white count of the blood was 
markedly depreaed, thla and other ·immune mechanlsm1 apparently were ne\"er 
Impaired to tile point at which the individual waa not able to ward off poulble 
invading organl!uns. Further, the point of maximum eft'ect on the white count 
occurred relatl'rely late, ln the Mth and 1lxth week. after the beta lesions were 
well on the way to hMllng. With a larger dose of gamma radiation, and bad 
the Hanhalleee been 0017 a few mtlee turther north than they were at the tilJle 
of fallout they would have reeetved a considerably larger dose, the situation 
might have beetJ dltrerent. Tiie wblte count would have falleu faster, and It 
and other Immune mecbanlama would have been seriously affected. Then more 
of the leliona mJght hue become Infected. and in addition the open le.lone 
would provide a portal of entry for lnnding organl11ma. leading potentially 
to generalized Infection. Infectton la the problem ot perhaPI greatest magnitude 
with mauive total body gamma espoeure, and with open •kin lesions many 
might llDttWDb that otherwt• mlcht survive. Thia esperlally under condl.tlon11 
that undoubtedly would pertain, In wblcb no. or Inadequate. medical care would 
be available. Tbus. at prelll!Dt, I do not thlnll: we should Ignore completely the 
beta leelon problem. 

In 1ummal'J', tbere can be no doubt that In a fallout 11eld, within hours and 
perbapa daJ"9 ol detonatlon, penetrating gamma radiation la the controlllnic 
basard. Gamma radiation la the agent that ldlla primarily. Howe'l"er, tbeTe 
al110 la no doubt that estenlive beta leslona have oet'Urred. and might occur under 
aome condition.a ln a fallout field. ID an unprepared population unaware of the 
potential danpr, beta akin lealona could repreeent a potentially aerloua hazard 
to appreciable numben of lndlvlduala expoeecl. In a well-prepared population 
educated to the potentlJll baard. the beta 1kln lewlon problem would be minimal 
Indeed. 

B'OMMAU 

The llanhalleee accident in March 1954 demonatrated cll'llrly that extenalve 
beta lestooa of the akin, In the ab~ of a lethal doee of gamma radfatlon, 
can occur under aome condltlona in an unprepared population expoled to a 
high-level fallout radiation& Tbe fallout began on Rongelnp Atoll In the 
Marshall l•landa 11ppro:J:imately 5 boun after the detonation of a high yield 
thermonuclear device. and the 64 Individuals on thla atoll were evacuated 
approxlmatel7 2 da7• later. An estimated 17u r. of peuetratlng gamma radiation 
was delivered to the entire body, In addition to large doeea of beta radiation 
to expoeed areas of akin to whlch the fallout material clung. Beginning approxi­
mately 2 weekl atter expoeure. leliona of the akin appeared on 90IDe 90 percent 
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Pf the lndlvlduala. The alrected areaa IDeladecl tbe h•d. and otber loeattooa 
where the material bad deposited. Moat of the leldona were auperdcial aDd JMalecl 
rapidly. Some were deep and palotal. &D4 bealed more llow17 with llOJDe 
residual acarrtns. There bu been no 9"ldenee to elate of aeeoada'7 brmlldowD 
or mallpant cban&'e ID thele lMlona. 

8e.eral facton pertained that made tbe Kanb&D- IDddeut pom1>17 the 
worst that c0uld bappen with rapeet to tbe relattn lmportanee Gl the beta 
ba&ard under condltlona of fallout (ol coane popaJattona eoald be uJ)08ed to 
much larger total doee. of both beta llDcl pmma radlattom than were tbe Mar· 
•balleee). The people were not educated nor pnpared for the d&Dpr, and pro­
loopcl expoaure without eft81•e .aiClll or clecoatami.Datioa oecarred. The 
cllmatlc condltiODll, condacl•e to relatlftl7 9Callt7 clotb1Dc and outdoor ulatence 
aleo lncreaaecl the clecne of upoaare. Under eoadltlona of ll't'lq lD a tem· 
perate climate. m&117 at. thele ad,.... faeton woald not normall7 be operative. 
and thm the beta problem would be apected to be m1nlmaL Bowe•er, It mmt 
be Pointed ont that expoeare to coataet beta radlatloll ot. a alsable number of In· 
dl't'lduals might occur lD an QDIDformed popalattoa ander 80Dle condlttou (area 
ot mllder climate or 111 .ummer, lDdlTldaala ID balldlnp with abattered wlDdow1, 
fallout on a pre't'loul7 denatated a.. clothed lDdl't'lduala causbt lD radio­
active rain), or UDder cbaodc coadltlou ID wblda dec!ontamlDatlon mtsbt not be 
poulble. In tbeee alrectecl lndlvtdaaa., lD the ab9eDc!e ot. decontamlDatlon, the 
resultant skin lealou ln aome coald be macb more .erlou than thoee l8eD ln 
the Paclllc lsla11d1. Uthe coacomJtant pmma expoaure were hlsher than that 
~lved by the Maraballeee. wblda lt eoald ..s)7 be. the reaultant deprealon 
of the white blood cell CODDt. &Del of other lmmnne mecbanlama neceu&rJ to 
combat Infection would be correspomllnsJJ' more aeftre. Under thelle drcum­
atancee the open Bkln lealou could lft'ft u a portal of entry for orsanlams. 
leadlq potentially to fatalltl• lD lDdlvtdnala that mlebt otherwise survive. 
Thu.a wbUe the penetratlac pmma buard would b7 all odds be the moat lethal 
·agent 111 a fallout fteld. the beta aklD baard cannot be lpored and must be 
guarded aplnat. OulJ ln a PoPulat10D that la lnformed of the potential danger 
and la prepared wW beta buard be redueed to a mlDlmum. 
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Fiouu l._:..l::lttemdve leeiooa. 48 da1• after exposutt, on a Jo~ boJ wbo wore 
Utt.le clotblnc at tbe time ~ npomre. Note parUc:uJ&rlJ tbe l-1008 on tbe 
oem, ID tb6 armplta aad at tbe bel~ wbere tbe talloat mat«tal 
limdld ..,...-tan1 to collect. 
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Fiouu 2.-Ei:teu•h'e neck 1-aon. oa a woman approxlmatel1 30 days atter 
e:ii:poeure. Note tbe 110per11cl&l nature ot tbe leeloo.a, reeembllnc •Here 
sunburn. 
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J'Jouu 3.-.Deeper., more _,.ere lMlom that healed more slowly. 
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FloeRr: 4.-Tbe same le.too 1bown ID 4sure 3, e montlul later .. Jlea.Uiic 11 com­
plete. with reefdual ecarrtng, atropb7, and deplgmentatloo. 
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Frot-m: ~ 

FJ:ouu: 5.-Head leslona, and 11pott7 epllatlon lo a 7oung girl 28 da7s after 
eltp08Qre. 
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Frnl'ILJ; tl.-<~owplete regrowth of normal hair In the llllme girl 11bown In tlgurP 
1'i, 6 months after exposure. 

~presentative HoLIFIEl.O. At this point I would like to submit for 
the record, a statement by Dr. Conard, and his 11ssociates on the Me<li­
cnl Survey of the Rongelap People, :\larch ID58, 4 years after exposure 
to fo.IJ0!1t; and t.he rep<>rt of the Medical Stat~s ~f the Rongelay Poo-

l
>le !"i ) ear-s .\fter F,xposure to Fnllout Rudwt10n, by Dr. Conard, 
mud of the ~farshall Island sun·eys. 

(The material referred to follows:) 

PRIVACY ACT MATERIAL REMOVED 


