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Fallout xnnyboclnssificd as tho “worldwiclo”
or the “close-in” type

Worldwidefallout risults from the dissemina-
tion of minute particles of radioactive material
from nuclear detonations which slowly settle out
from the stratosphere and troposphere over tho
world, Duo to the great dilution of this type
of ftdlout und to the loss of net ivity with timo
ovolvwl it doos not impmo n han-ud to tho skin
but may rwmlt in a long-term }Mztwd from
intmrnnl deposition nu(l possiLtlc gonotic oflorts
from low 10VOIirradiation.

(’lose-in jdht is most Iikoly to result from
lnrgo atomic detonations in which tho fireball
comes in contw;t with tho ground, cnusirtg
largo nmounts of material to ho drnwn up into
the C1OIN1whoro 1110r~~dioactivo prmlucts adli(!ro
to tho ground par( irlw+. Duo to IJ1o rolativuhy
hwgo Him of t,l)oso I)nrt,i(:l(w tlicy mny tliwl IN)
dopositwl within Hovvrfll Illlndro(l )nihw {)( Iho

dctmnation. Wi lh tflis typr of fallout thcro is
tb red lmmrd not only to tho .&in, hut also from
wholo body ponotrat,ing radiation anti from
intmmrd fibsorption of radioactive mntcria]s.
‘l’ho mmrcr tho site of {Iotontt,tion that fallout
occurs tho ~eatm is tho hazard. Tho nearer
fallo~lt tnlws placo w-wlior and is thmoforo moro
nctivo duo to hn,ving umlorgono ~css rndioactivo
dcroy nnd it is more Conccntratcd sil~co Iargcr
amounts (pnrticuhu+y hwgor pnrt iclks) tlon[l to
fall out first.

‘f%c Iwridrnitll mposuro of HOIIN! 240 Mar-
Sballmot 28 An.~~ricat~s nntl 23 ,Tqmnrso fisher-
mm during op(~rntion (lwtlc, March 1954,
aflords our most rxtonsivc rxprrirncc with full-
out vffects on the l~uman skin and in t,llis tfdk
frequent rcfrrcnws will ho mmlc to data ob-
tained on these people [1, 2]. Sevwd other

cam of human oxposuro to fission products or
beta emitting material either accidentally or
experimentally have been reported [3–8]. Skin
lesions in cattle and horses have also occurred
from fallout following experimental detonations
at Alamogordo and in Nevada [9, 10]. Rather
numerous experiments on the effects of beta
radiution on tlm skin of tminuds havo been re-
ported and thcso dntn will be rofcrrcd to, tdso
[11-15].

First, somo of tho p}lysic~d and biological
fn,rtora rddcd {O skin dnmt-qy from fallout will
bo discussed. TIMchemical find physiml make-
up of fnllout will vnry uvcording to the typo of
terrain or soil ovor which the dctonatiou occurs.
All fldlout is ptwticulatc in nature, but tbo sim
of tbo pmticlos will depend to somo mttwtl on
I110plly~ioal and clwmical (“ll~tr}L(:tt!riNii(’Nof the
soiL ‘1’ho fallout awmriatul with llw Cnstlo
(intonation, March 1, 1054, WM n whit (~, pow-
dory tnntmial Iargcl.y COIIII}OW$({of inritmrat W{
cord. Atiido from tho rml ioactivo component
the rtdcium oxido of tho matmitd wm in itself ,
irritating to tho skin duc to its caustic nature;
Moreover it was probably ptwtly dissolwxl in
tho pmspirntion on the skin thus incrcusing its
irritating rwtion. (Incidontnlly, this Jnay havo
mdmnmd the ra.dimtion to h! skin by hringin~
tho rad iotwtivo matcrids in rloscr con tart wilh
tho tikin.) FaIlout prod ucrd from othrr typw
of soil, othrr than prcdomintmtly coral, might
vary considerably in rhwnicul and pllysictd
rnakcup and irritation to tho skin. (~olor and
pmtirlo size would RISO vary. For instrmcc
siliceous typo soils would probably form much
less irritating fallout.

It gmw without saying that for fallout to
result in gross skb damage it would have to be
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sufficiently ronccnt rated. It sorrns likely that

the omwrrcnce of fallout would have to h visiblo

to result in slwh dmnuge. ‘ For twnmplq in tho
J{arshtdl Islam{ vxpericmcc, the exttmt and se-

verity of the skin lesions wmc directly relutcd

to the amount of visibh! fnllout nnd on Utirili,
the least contnminntrd island of the inhabited
<rro(lp no ftdlout was visihlo and no beta hwionsm
of th(! skin dcvelopwl.

‘1’Ilc pnrt iclllnto nnturo of tho mat rritd pro-

dut’rs Hpot ty dist ribut ion on th(! body. ‘1’ho
hTNrslMllvwI r[aimr~l thnt the material tulhorod
clostIly 10 lhc skin nnd wns (Iiflicult to brush
off. ‘1’llis wws borne olit by tho difficulties of
com~)lrt r d(vwnt uluinnt ion. Arrm of tho body
wlirre p(lrspirtll ion is gr(mtm SII(OI1as 1110 ncrk

fol{ts, axilhm, nntrcubitnl foww rtr. cnused
tlll$ ll)~ittwinl to stirk tlnd Irsiolls wcro nmro
j)rwlomil~oni in thmr nrcas, ‘f’he hair t,~~n({od

to colloct. tlw Inntcrit]l also, particularly in
view of th{~ ct)(wnnllt oil Iltlir dressing used by

tllew! p(’opl(’, wkictl mwlo dccontamitmt ion

rxtron)ol~r di(fi(’ult. ( ’10(lling, wrn a single
layer of cotl oI~ n)nt~’ritll, tdl’ordwi nlmost conl-

pl[’t r prot ccl ion tls cvidm)ce(l l)y the fact tllnt
alrnosl all of t lie Hkin lesions (Im.wlopod on

rxp(xwd pnrts of t h{’ lmfy. ‘1’ho Ioosc clothing
woru WONM not ltavc Iwcountcd for mom than
abo Itta 25 pwwnt t~t t muttt ion of the raffintion
so [Imt tlltt prf)t(,ct iml Iuust hnvo horn (Iuo in
ptlrt to !ho ftlrl t hilt t l~o Iooscly fitted clothing
tt’ll(tr(l to 1101(III]c rn(tiotwt ivo nlllt(,rilll I~w~y

from tho skin. 1t is tdso possil)le t hfit tho

mnturitll [Ii{l not stick 10 ~hc (’lodling tw wrll

ns to tht’ skin. .

‘f’hrro nrc certain bifdo~fcai factors k~rtwn to

influcncd the sensitivity of tl’ - skin to radiation.

Tn addition to sperirs diffmrrwes, it is known
that the skin of mrt ain parts of the body is
more wmsitive thnn tllatj {~fothers. In general

thr tl)irlnt’r-sl(illllt’tl flexor surftu’es of tho body
me more sensitive t httn the thicker-skinned

rxtensor sllrfurcs I10]. This was found to bo

truo in the N[nrshullcse since lesions were more
prcvtdcnt on the front and sides of the neck,

axilla and ant cwubital fossae. Another factor

is associated with pigmentation of the skin.

Darker-skinned people, brunettes, aro known
to be less sensitivo to radiation than blonds or
peoplo with ruddy complexions [17]. A factor
which was pointed out earlier is that areas of
the body where perspiration is more profuse
causo the fallout to collect resulting in bweater
skin effects.

Source8 oj radiution to the skin. —Damage to
the skin rcsults largely from the beta com-
pormnt of tbo fallout in view of tho fact thnt
tho betn-gnmmu ratio is q uitn high. All of tho
energy of tho hotm particles entering the ~kin
is nbsorbrd in tho skin, Soft gnn-um rnys
accounts for some of the radiation doso to the
skin, and tho harder gamma rn.ys contribute
least sinm they two morn penctmting. Tho
skin doso results from two sourcm of beta
radiation, tho fallout matoritd in dirert, rontnvt
with the skin and tho material on tbv ground.

1. Contact ~ource,—Tho spotty distribu-
tion nnd pnrticulfltc ntiture of tho fallout in
contact with skin rcsulta in rnultiplo point
sources on the skin. B-y far tho grmtest
part of tho skin dom corncs from this sourco.
Raditition is Iargcly from tho skin surfarc.
However, tho possibility must bo considercxl
that a certain umount of porcuttmeous ab-
sorption may tako place nnd some ptmetrn-
tion into tho dermnl region via the hair
dtufts, sohucoous and 8wcnt gbmds may
occur, ‘llm (hwtlo ftdlout cont~l ined nbout
10 yercetd water wlubl~j~~ion products, mmc
of which might conceivahl,y havo hmn ah-
sorbcd porcutancow+ly. Whittrn et fzi. [18]
hnvo shown that thorium-x applied to tho
skin rcsu[ts in soma pmcutnneous dmorption
imd entry into the hair shafts and glands.
We intend to investigate this problcm with
fission products on tho skin by means
of autoradiogrnphy.

2. Qround ~ource.—A certain amount of
tho skin doso may result from beta radiation
from the fallout materinl on the ground.
This contribution is likely to be far less thun
that from tho contact source. The lower
parts of the body will rcccive the greater
part of this radiation since the beta particles
are completely stopped in 2 meters of air.
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13stinmtion of beta doses to tho skin from
fallout is an cxcccdingly complicated problcm
and I will letLvc the main discussion of tho sub-
ject t6 other speakers. The degree of skin
reaction and damage is more dependent on the
depth dose than on the surface dose of beta
radiation and the depth doso is dependent on
the cncrgics of the bctrt pmticlcs of tho com-
ponent isotopes. ‘1’hus soft radiation confined
largely to tlllo dead horny h}yw and upprr
epidermis wouhl hc rvlntively inetl’cctivo in
produring n rrnrtiol~ ii] h! skin; moro (~lwrgotic
rruiiation, pwwt rnt ing !Il)rough tlw opidcrmis,
rould result in trrmsrpit{ermnl nevmsis; and
dcwprr pcnetrntion into tlm dermis could result
in more severe ulcrrat ing lesions. K&h rmiio-
isotopo has its owk clmractcristic sprctrum of
w}orgirs with a maximum mwrg.y, hut sinco
relntivcly few particles am of this energy, tho
overage energy, whirh is rou~hly one-third of
the maximum energy find the 50 percent atton-
untion in tiswm nrc more mwmingful in osti-
mntinc skin offccts.

Fig& 1 shows roughly tho 50 pmcont atten-
uation in skin of several isotopes. With tho
samo surfncn dose tho moro enorgctic beta
ommiting isotopes will nntundly rmult in
bwcatcr dmnagc to tho skin.

Tablp I is mru!o up of data from animal
studios from scvoral invtwtigntors nnd shows
the oncrgy depcndwwo of brtns from various

isotfopos in producing rwwgniznblc skin rmw-
tiorm. Noto thnt tlw t+urfnm dw+rs for t llrosh-
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old reaction (crythoma, epidermal atrophy) aro
fairly dependent on the energy of the beta
particles of tho various isotopes. Thus it takes
20,000–30,000 rop from Sa6 (averago energy 0.1
Mev.) to produco a reaction whilo it only takes
1500-2000 rep of SrW-YW or Y*l (avcrago
energy 0,5-0.0 Mov,) to produco tho same
rcmction. It is of interest that Moritz and
Honriques found that tho doso at 0.09 mm.
depth of thei pigakin (estimated to bo the
opidormtd thickness) was constant within
sevortd hundred rop to produco trnnsrpi(lrrrnal
injury [15]. Wllhohny has also notml that it
tokos roughly tho snmo dom of chwtrons nnd
soft X-rmys at tho 10VHI of t)ho SllIqmpillnry

lnym to produeO orythcmn [10]. (h thi~ bnsis
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In tho Mnrshalhw tho skin dose roukf not be
cstimutcd with my dcgrrc of oc.curncy dufi to
the complicntcd smw of bet D spoct ra varying
with time nnd the uneven d ist rihution of the
moterinl on the skin.

The beta componrnt of the fnllout was found
to have two major peaks of mwrgy, one at 100
kev which accountcxl for 50-80 pmccnt of the
activity and om) at 600 Iiev which accounted
for 20-50 percent of the activity [1]. Fifty
pwmnt nttrnutttion of ttw 1(K)km component
occum at about 80 microns, ttl)out the depth of
the epidermis. Fifty percent fittenuation of the
600 IWVcomponent occurs at nhout 800 microns,
fairly deep in ttw dcrrnis; deep enough to

irra,diota many of the hair folliehw. The
rclntivcly soft nntllrr of tho rmliation was borne
{mt 1).y tho Ruporfiriid tmlurr of most of tlw
l[wions that dow,lolw{l,

A very rough hiolo~irnl ui(imntr of the ({mm
to tho fu:ILlpof tho Itotqgelap pmplo might bo

nmdr by using tho index of opilution. It is
known that with 200 kvp X-my ~ doso of about
400 r is necmsnry to produce epilntion, and
dmrs abovo about 700 r prnduc[’ permtmcnt
epilntion. SincO regrowth of Ilnir took place
in tho opihltod M arsllidlmc the dosm to ttm
hnir folliclrs m[lst l)nve Iwen ill tile above range.
This drxw must Iiavo born largol.v from tho N)O
kOV (WRpOIIP1)t, ‘1’lwrvforc the twrfnrc (low

from lhifi cmIIIM)nrIIt nlm+t Ilmvo IMW 4 to G
tillws highw or ill Illu rnn~o of I ,000 -:!,fiOOrep,
‘1’lio wrfarv (low from tho III(W d)~lll(hllt 100”
kov rompomwt must hww’ ~mw miwh hi@vr, t~y

-.. ________ ____________
In..wtl~[lt0r

TYirthan(i Il[~p(,r----------------
1)()--------------------------

I,[)w-ll(,(Jr-----------------------
I)o-------------------------

Rohbim d ([/-------------------
Knowlton etal.-.-.---.-.------.

l)o-------------------------
l)o------------------------- -

———. .—— —. —-..-— .—-—-..—.—
R~dlWoll Est. do~ (r(p) I{wcttm

—-

P~i--------------------------- 635 Ist degree (threshold).
P32--------------------------- 1, 180 2nd degrre (threshold).
P~a--------------------------- *143 1st degree (threshold).
P~--------------------------- 7, 00CE17, 000 2nd degree.
Cathode rays (1,200 kv) -------- 1, 000- 2, 000 3rd degree.
Fission products --------------- 2,000- 4, 000 2nci degree.
(1 Mev. rive. energy) ----- ------ 5,000-10,000 3rd degree.
---ado ----------------------- 5,000-10,000 3rddwree.

Ilk------- ._------ __-- _------ ._--do ----------------------- 8;000-16; 000 3rdde&ce.

“Estlmaterldose In 1s1 mm. luyer.
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a ftwtor 0[ 5, 10 or more, Imt with very Iil(lo
pcnetrnt.ion.

Estimations of tho dose of skin irrrdintion
from ground sourer MU has been made by
Sondhaus [1].

If no shielding om-urrcd and exposure is
considered continuous the doso fit the 10VC1of
tho rlorsum of tho feet was ctdculatrd to ho
about 2,OOO rep, at hip lewd 6t10 rep and at
howl Iovel 300 rep. ‘1’Ilis sourrc of radiation
was apparently insuflirien t, akmo, to produco
any lesions, tl~ough it probabl+y Collt,ributcd
significantly to the severity of t ho foot lesions

observed. With Iargcr mounts of fallout, rmli-
ation from tho ground source could be suff~cient
in itself to produce skin lesions.

Acute eflects of beta radiation on the skin.-In
general beta radiation ef~twts on tlm skin me
frimilm to effects produwi by more penc-
trmting radimt ion such as ganunn or X-radint ion,
Howmwr, tho hws prm’1 rat in!: twta radia( ion
prmtu(w mm-o mll)(dirial I(wiolw wit Ii I(w4
dnmag{’ to t ho (Irrmis, (’()!IR(VIII(W1lJ’ thy’ nr($
wuallv Iww pnil~ful 1111(1IINI1 m(m’ ral)i(llyo

Ttm t imo FWqIImIr of {1(’v(’lol)lll(!llt of Iwt n

Icsio!ls from ftlllollt vnrim considcraldy wi( 1)

tho {Iosc to the skin. A primary orythoma may

or mny not bo obsmvcd heginnillg a frw hours
after oxposuro. This wns not seen in tho

Marshnl16sn, perhnps (1uc to tho dark color of
their skin. Dllril)g tho first dny or WJ itrhing,
burning, or ti!lgling of t}w afrw”tr’d skill Inay bc

oxpcrionrwl. As was lmil~tr~(l out, thww symp-
toms might in pw~ I)o dIIO to tllo rhvnlicnl

nnturo of 1)110fallout,. ‘1’!11Ss0(’arly signs ILII(I

sjrJnp(onwi /LJ’(~Uwtdlv folh)w(’({ I)y all tLHylupt o-

mati(? Intwlt poriw{ Iwfmw full-blown hv+ions
dmwlop. ‘rholmgth [)f t hc Iatcnt prriod mi~y
vary from a few days to several wrwks wI]id] is
usually rolutmd to t}lc dose to t,ho skiri; tho
higher the dose the shortmr ttw lmtcnt period,
In the Mmshtdlcse the more henvily exposed
group developed skin lesions about a week

before less heavily exposed groups. Due to the
particulate nature rmd uneven distribution of
the fallout on the skin the developing lesions
are likely to be spotty. A secondary wave of
erythema may be seen along with gross changes

448029 0—58—10

.

in the skin, ‘1’hww challgcs mtl,y IJOin tlho form

of simplo tauuing, pigmentation, WI(1 mild
desqunrrmtion with low doses. This reaction
might bo classed m a find degree reaction,
With higher doses vcsiculation, complctc cpi-
dcrrnolysis and ulceration may occur. ‘1’his
srwerity of reaction might be classed M a
wcond deqrw rmction. Spotty rpilation may
occur ulong with kwions of the sculp, Rr+
growth of hair is likrly with a second degrco
lesion. Healing is usunlly acromplishc(l within
a WCC+or two with repigmentation of tho skin
in mikfer lesions. Deeper lesions may heal
with Some, srxwring alNl Iaclc of rcpigmcmtation.

(’hrw7)icrdidion cflects,—Wit h lnrgcr doses of
radiation rhronic radiation dmmatitis mny dc-
V(’lop, These lesions do not heal well and on
healing may hrcak down and ulccratc again.
J3a(11-yw’nrrd skin with tcdangiw%atic vessels
may result. T}mJe scwere rructions might ho
claswvt as third de!~w rwu?iws. Ropeatd re-
pair tuul }jrvak(lown mliy orrur (Ilw to in~tahility

an(l poor vasc{tlaritly of tho (I[!rnliw It is in
skill of tj.~po that IOaligllllnll cl IIt IIgo mrty Inter
hd{o plll( ’o.

Afa/iyna)~t cfian!/m in t,ho Ain haH br(w oh-

flervwl in animrk a~ n lat o Mw’tj of brl n
irra(liation of tho skin rllld prcwlmably {!ouhl
also occur in tho human skin. TI1ouKI1 malig-
nancy mmnll.y develops at t,he si tje of chrwic
radialion (lmnatitis, as a rmult of ropoutwi cx-
posuro to rruliaticm it l}as lmII~ rrportml t.o

orcur in animals following n singh! rxpotmre to

lwta ra(lit~tion wilh Iit,tlv or no c}lrol~i(: rhnllg(’

in tll(! Hkitl.

Trwtmmt of ucuto Iwth lw+ions is mainl.v
synlptomatico With mild lesions, (llkil,y(”l(:&llsillg,
applic~ttinn of bland antipruitic ointrn[mts aml
lotions may ho 011that is nccrswwy. For more
scvcrc ulccruting lesions, clcfining with dnily
dressings, splinting and usc of tmtibiotic oint-
ments or antibiotics pmcntcuwlly in case of
secondary infections may be indicated. The
usc of Aloe Vera plant applications is claimed
by some to enhance healing of radiation burns
[21]. Lesions of chronic radiation dermatitis
may be quite painful and the only effective
therapy in such cases is early skin grafting 122].
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“ lhf~m~: i%—tkwc f-a.w m in Fiwrc 1 8i.cnmlft~ ajfcr
Azpos we .dmwiau Cowlplfi? rrflrmdh o~ normal Aair.

3. ww(wr, in sit Imtions WINUW din
lmions two nssoriat(d will! lnrgvr wholr Im(ly
dos(w of ra(liati(m i. o, in A(’ lrltINl rtilqg’ or
almvo, witJl grfwt,w Ilrn)tttol)r){’t,i(’ (I(y) rrwion,
ttl(} lesions Woul({ twwnlc mor(~ (~twily iilf(v’t(,(1,
possil)ly nffording portnls of entry, lwulitl~ tn
Imrt wcmia or q)tiwmia.

4. ScvPrc skin irrtuliation wilt] minimal
;, wholo body irrtidiat ion migll t rwmltl in Hitua-
‘“1“ tions where promp evacuation from the con-

taminnt w] arm occurrwl, l)ut skin dm)ntanl-

inution wms dclnyd.
5. Enrly skin and q-e symptoms might be

,. mildly disnbling during the first dtl~ or two

after exposure to fallout tmd later symptoms
associated wit h full blown lesions might ho
quite disaL,ing. Lntc effects on the skin in
the form of cl)ronic radiation dermatitis and
malignancy ttre possil)lc complications.
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