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TllE EFFECTS OF FAl.LOllT HADTATTON ON TllE SKJN 

By J{ontrnT A. CoNA1rn, M. D. 

Urnnklum·n Nationnl Labnraion1 

Fallout may bo C'lnssificd as thr. "worldwidr." 
or the "close-in" type 

lVorldwide .fallout results from the dissemina­
tion of minute particles of radionctivr. mat<'rinl 
from nuclear <hitonations which slowly S<'ttlc out 
from the st.ratosphrrc and t.roposplwrc ovC'r th<' 
world. Duo t.o t.he ~rent dilution of this type 
of fn.llout und to tl1<~ loss of nctivit.y with t.imc 

· evolVl'd it dot's not impmm t\ lutzard to th<1 skin 
but nrny Tl'fmlt. ill n lon~-t.Prrn huznrd from 
intornnl O<'position nnd 11misihlc ~c1wtic nffPct::i 
from low love! irmdint ion. 

('losc-·in .fallonf. is most likoly to n•sult from 
large nt.omic dototrnt ions ill which t.hn firrhull 
conws in cont.net with t.hc ground, cam1ing 
largo amounts of nrntcrinl to he dmwn up into 
tlw <'loud wlwro t.hn rndio1u·t.ivc products adl1Pr1• 
to thf' h'TOtllld 1mrticlP8. D1111 to tlw n•l1tl,i voly 
lnrgo Ai:r.n of t.!111H<' pnrticl1•H t.h<'Y 11111y 111<•11 ho 
dcpositl'd within H<W1•rnl l11mdn•d 111il11H o( t llll 
deto1111tion. 'With t.his t.yp1• of rullout t.hmo is 
n reul ha:r.1trd not. only to tho Akin, hut 111:-io from 
who!P hody 1wrwtratin~ rndiatio11 and from 
intornnl nhsorption of rndionct.ivo mnt.Prial:-i. 
The rwarrr thP Ritt> of clet.011n.tio11 Lhnt. fnl1011t 
occur::i the g-rc•at.Pr is tho huznrd. Tho rwnrc·r 
follo11t tnkcR pince P1trliPr 111111 is tlwrnforfl mnr(' 
1wtiv11 d1w to having 11ndPrgo11r lpss rndionl"l.ivn 
dr.<·n.y n11d it is morr <·onn~n t ratt•d Ai11c1~ lnrgr·r 
11rno11n ts (pnrtic11lurly lt1q.~1~r part ic:l(•s) trnd to 
fitll out fin;t .. 

Thi' ac(•it!Pntul l'XposurP of so1111• 240 :\fnr­
slml!Ps(', 28 Ar:.i•ri<"1rns 1tnd 2:~ .Jnpa1wso flshPr­
llH'n during- Orwrnt ion Cm;tlt', March I f);"i4, 
affords 011r most l'X!Pnsivr 1·x1wriP11<·c with full­
out dTP('(!'l on tht• hllmn.n skin mid in this t 11lk 
frrqurnt rrfrr<'n<'('S will lH' mnd<· to data oh­
tninrd on thrsP rwoplc [I, 2]. Sr·vprn] othr·r 
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cases of human exposure to fission products or 
beta c>mitting material cithcr acC'idcnt11Ily or 
experimentally have been rcportcd [:~-8]. Skin 
lesions in cattfo and horsrs havc 1tlHo occurred 
from full out following experim1•n ta! detonations 
at Alamogordo and in Nevadn [9, JO]. RathPr 
num1,rous cxperim<1nts on thr effcl'ts of hrtn 
radi1ttion on t,lrn skin of nnimnls hav<' },pen rc­

portPd and thesf1 dnta will h11 rrforrPd t.o, also 
[ 11-1 .'i). 

First, Ronw of thn physitn.I n11d hiolo~i1·al 
fot'lorH n·lat~1l to skin dnmagn from follo11t will 
h(I d iHl'llRSt'<l. Tlw chf'mical and phyHirn.l makl•­

up of fnllo11t will vnry nl'cordin~ to tlw typ<' of 
tNmin or soil ovrr which thn d1·to1mt ion o<·c11rs. 
All fallout is p1trliculnt.<~ in nat.ur«', hut the siw 
of t.lu• partil'l<':\ will dc1wntl t.o HOIHP 11xtP11t 011 

t lw pl1yHiml mul d1Prniml chnrnct Prist in1 of 1.h(I 
Roil. 'l'hc fnllout 1tHHO('int11d with lh<' C11Htl11 
dr1to11ntio11, Mnr<·h I, HIM, wns n. whitP, pow­
d<1r,V mntPrinl lnq~d.v C'Olll(>OHl'1I of i1u·i11c-rnt <·d 
cornl. AHid(I from tho rndionl'.I iv1• C'o111po11('111. 
t lw <'a lei 11111 oxi<lt~ of t.lw rrrnt.(•rial WILH i 11 i lsl'lr 
irrituting to the skin dut• to its <'1t11stic 11at1m•. 
MorPovrr it was probably partly diHHolv<·d in 
t}ll' [Wrspiration Oil lhl' Hkin thus itHTl'llSillg its 
irritnting 1tction. (fn<'idcntatly, this nrny httV<' 
rllhan('cd the nulint ion to t.hP Akin h,v bringing 
thc>. rndirn1div11 mnt.crials in clmH•r 1·011l1td with 
t.lw fikin.) Fnllout procltH'C'd from othPr typ(•s 
of soil, otlu•r than prcdomin1mt l_v cornl, rni~h I 

vnry rnnsidc>rahly in d1Pmic1tl und ph,vsirnl 
m1drn11p 11nd irritation t.o thc skin. Color and 
J>llrti\'lo siz~ would uhio vary. For instnncP 
sili<·Pous type soils would prolrnbly form rntwh 
l1•ss irritating fa1lo11t. 

It, goPs without. suying t.h at for fallout to 
rPsttlt in gross skin damng1• it would hnv1~ to h1· 
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sufli<'ientl_v ('OIH'PlltrntPd. It s11Pms likl'l_v thnt 
thP occu1Tt'IH'P of fallout woulrl httvl' to be visihlc 
to rc'sult in s11<'h dnmngP. ·For Pxnmplc>, in tho 
:\furs hull f slnnd l'XpPriPnCt', the PXtPn t 11.nd se­
nrity of tlw skin lrsions wrrc dirN'tly related 
to tlw 11.mo11nt of visib\1~ fallout nnd on Utirik, 
the lenst rontnminn t l'd islnnd of the inhabited 
~roup no fnllout wns visible 11.nd no hetu IPsions 
of the skin dPVPlopt'<I. 

Till' purti,~ulnte 11nt11re of thP mntPrinl pro­
dul'<'S spotty dj,.d ribut ion on tho hody. Tho 
~lnrsh1tlll•sn dai11wd thnt tho rn11t.l'ri11l 1ull1<'1'ecl 
dnsd,v to th(' skin nnd wns diflicult to hrnsh 
off. This wns honw out by the diffic11ltit'S of 
cornpl<'ll' dP<'ont11mi1111tin11. ArP11s of thP body 
whl'l'l' pPrspirnt ion is gTt'llter su('h ns tlw neck 
folds, 11xill1w, 1111tt•1·11l1it11l fossn<' <'IC'. c11wwd 
t ht' 11111tt•ri11 l t n st il·k 1111d IPsio11s Wl'rt\ 11101·c 
predomi1111nt in th<•sp lll'l'llH. TIH' hnir tl'ntlt•d 
to rnllcct th<· m n tPrin l also, part it·u I arly in 
vic\V of th1· l'rn·o1u111t oil l111ir drPssing lJSl'd by 
thPso pPopk, whil'\1 m11dP dt•Pont1uni1111tion 
Pxtrt'lll<'ly difli<'11lt. ( 'lothin~. PVPll n sin~ln 
lnyt'l' of rot ton lllat1•ri11l, 1tffordl'<l nlmoRt com­

plt•t r prnt P<'t ion H!-1 l'V idl'IH't'cl h,v t hf' fact Lhnt 
ttlmost. nil nf t Ju' Hkin lt>siorni dcvPlopcd on 
PXpos!'d pnrts of !hi' hod.\·. Th<' loose elothing 
worn would not hn Vl' 1t<'l'o1111 lt•tl for morl' t l1nn 
aho u t it ~;) ppn·1·n t 11.t t 1•111111 t ion of th<• rnd iil t ion 
so that th<· prot1·<·tio11 11111~1. h1tVl' h1·1·11 dtll' in 
pnrt to tl1<• fn<'I that thP i<Hls<·ly fit ll·d <"lothini.; 
!1•1Hkd to hold tlll' rndion<·livc' 111atl'l'i11\ llWH_\" 

from tlic' skin. It is nlso possild1• thnl lht• 
1111t!Pri11l did not stick to th1· clothing ns wl'll 
n!-1 to tht• skin. 

Th<'l'f' nrc <'<'l'lnin biologicnl .farlors known to 
inflttl'IH'<' the• sp11sit ivity of t1·" skin to rndiation. 
Tn n<ldition to s1w('il·s difTl'rl'ncl's, it is known 
that tlw skin of <'<'rlnin pnrts of tlw body· is 
mon' sPnsitivP thnn that of otht•rs. Tn gt•rl(•ml 
th<' t.hinnl'r-skinnt•d fkxor surfnl'l'S of the hocl,\· 
111·<· morP sensit i\·c I hun th<' thil'kPr-skirrned 
l'Xtensor s11rf!l('('S I In]. This wns found to he 
tl'llP in thl' \fnrsh11llt•sp sine<' lesions were more 
prcvnlen t on the front and sides of the nPck, 
axillu and un\t•cuhitnl foss1w. Anotlwr factor 
is assoc·iutPd with pigmPntution of th<' skin. 

'.) f] I -::,, , I _; 

Darker-skinned people, hrun<'tlPs, 11.r11 known 
to be less sensitive to rnJintion than hlonds or 
people with ruddy complexions [ 17]. A fnctor 
which was pointed out narlier is lhnt nr1'11S of 
the body where pcrspirntion iR more profuse 
cause the fallout to coiled rPsulting in gn'11.tcr 
skin effects. 

Sources of radiation to the skin.-D11mnge to 
the skin results lurgl'ly from the hPtn eorn­
ponent of tho fallout in vit•w oC th1• foct thnt 
th11 b11to.-g1unnm rntio ii:! q11it<1 high. All of tlw 
llnergy of tho lwtn. pnrtidci'\ rn tPring th!\ skin 
is nhsorlwd in tlw Hkin. Soft gnrnmn. rn.vH 
ncc·ouuts for some of tht\ racli11tion dose to th<' 
skin, and the h11.rd1!r gn.rnmn rn.VR ~ontrib11tc 
lcnst Rillcf\ thny nrc morfl pt'nclrnting. The 
skin do~-ie rcm1lts from two somT<'R of ht·tn 
mdintion, tlrn follout 11111tPrial in llirt~C't <'Ontad 
with the Akin 1rnd tho mnteri1Ll on tht' gro11ncl. 

1. Contact Rource. -The Rpotty clist rih11-
tion 11.nd purtic11l11to n1tturn of tlu\ follo11t in 
contat·t with skin results in multiplt' point 
SOl!r<'<'S on I.ho skin. n_v for I.bl' gre1L!l'St 
part of the 1:1kin dmw conws Crom thiH so11r1·c. 
Hu<liu.tion is largely from t.h<' skin surf1u·P. 
However, tho possibility m11Rt be eonsidcrccl 
thnt o. certuin u.mount of p<'rc11t11.nP011s nb­
!mrption mny tnko pln.f'e nnd ~!Omll prndrn­
t ion into the <lcrmnl rq~ion vin the hnir 
l'!hnft.s, solmceo11s ar\(I AWt~at glirncls n11Ly 
occ·ur. Tho Castin follo11t. c:ont.11irwcl 11hout 
1 (} 71erCP.nf wafer 8oluhfr .fi.s8ion prod u!'tR, Horne 
of which might. c·.01wl'iv11bly huvl' hP1'11 11.h­
sorbcd pPrc11tnnPOt1Hly. Whitt.t'n rt iil. [181 
hnvn Hhown tlmt thoi-ium-x npplit·d to t.h<' 
Hkin results in Romo pl'rcutnncow; 1.hsorption 
und Pntry into t.hc hair shn.fts und glnn<ls. 
We intcn<l to invcstignto this problrm with 
fission products on the skin by menns 
of autorndiogrn.phy. 

2. Ground source.-A rertuin umount of 
the skin dose mny result from hrta ruclintion 
from the fallout mntcrinl on the ground. 
This contribution is likely to be fur less than 
that from the c1Jntuct sourer. The lower 
pnrts of the body will receive the greater 
part of this rndiation since tho beta particles 
nre completely Rtoppcd in 2 mpters of air. 
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Estimntion of Ul'ta doHPH to thl' skin from 
fallout is 1w l'XCl'cdingly complicnted problem 
and I will leuvf' the main discussion of the sub­
ject to 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 dose is dl'pendent on 
the C'nergics of the beta particles of the com­
ponent isotope's. Thus soft rndintion C'onfiiwd 
lnrgPly t.o t.he dc'nd horny lnye'r 1rnd 11pp<'r 
Ppid<'rmis would lw . n•ln.t i vdy i ndfoc:t.i v11 in 
prod11<'i11g n. n•n!'lion i11 tltc\ Hkin; mon\ <'lll'rgt>ti1: 
rndiat.ion, fH'nt'trnting through Lht• Ppidermis, 
eoul1r n•snlt. in trnnsl'pi1krm11.l 111•c·1-c1siR; and 
dN'per pc net rntion into the dl'rmis could rcsu lt 
in more Sl'V<'rP ukPrnting lesions. Each rndio­
isotopn has its own cho.ructeristir HJ><'rtrmn of 
l'n<'rgiPs with a mitximnm en<'rg.v. but sinro 
rPlntivl'ly few pnrtidC's nm of this e1wrgy, the 
t\Vl'rugp f'll<'rgy, which is roughly one-third of 
the maximum C'TWrgy n.rul the 50 J><'r<•f'11t. nttP11-
11ntio11 in tiss11P 1u-1• more mr1l!lingful in osti­
mn.ting skin 1•ff ccts. 

Figure 1 showH roughly the 50 prn·cnt uttcn­
uo.tion in Rkin of scvl\rnl iAotop1•s. VVith the 
so.mt' surfn<'f' dose thr rnor<' t>rwrgctic bdu 
C'mmi ting iAotoprs will nut nrnlly r<'Htrl t in 
grcutC'r clo.mngc t.o the• Hkin. 

To.bl~ l is made np of cl11t.n from tlnimnl 
At11diPR from srvt'rnl invrstignt.orn 1wd sl1ows 
till' <'nf'rg-y 1fopP11dt'!H'(' of lwt 11s from vnrious 
iRot.OJH'A in procl11ci11g- n•coi.;ni:r.nhln Akin r<'IH'­
t.ionR. Nolf' thnt t.hP Alll'ftH'<' do:-<('H for I hrr·:-<h-
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old reaction (crytlwmu., epidermal atrophy) 1irc 

fairly dependent on th11 energy of the heto. 
particles of the various isotopes. Thus it. takrs 
20,000-:rn,ooo rep from S35 (avern.go energy 0.1 
Mciv.) to produC'e a rpnction while it only takC's 
1.500-2000 rep of SrGO_ yuo or Yg 1 (average 
energy 0.5-0.6 Mcv.) to pro<luce the Burne 
reaction. It is of interest that Moritz and 
Henriques found that the dmie o.t 0.00 mm. 
depth of the pigskin (estirnntccl to be tlu• 
cpidC1rrnal thickness) was cons tun t with in 
severnl hundrn1l rep to produeo trnnR<·pidPnn11l 
injury (15]. Wilhelmy hnA nlRo noted t lmt it 
takoB roughly tho so.nm doAr of <'i<•d rn118 1t1HI 
Aoft X-rn.ys nt Llw levPl of tlw Rtil>pn.pillnry 
ln,v<'r to prodncr <'rytll(•mn [1 fl]. On t hi:-< lmHiH 

TAnr.t; 1.-RlJllFACE llOHJo: HEQtrm1m TO l'Itol>UCE H.ECOGNIZAnLE El'JnEHMAL TN.J1 11l\' 
-----·- ·-------------------------------,------,---- ---- ·---·-------

ln\·c-.~1thmtor AnlmBI lHO(O!l<' A vrrng11 rn- R11rfHrn do~" (n•p) 
t?l'llY (Mt•V.) 

----------·--------
II<>nshaw, <'l nL ________________________________ R11tR ______________ _ '. pu 0. 5 I, 500-·~, 000 
Snider11nd llaper _____________________________ MicP ______________ _ p32 .5 2, !iOO 
RnpPr nnd Hurn•.'tL ____________________________ llubbitA ___________ _ p12 .5 5, 000 
L118 h Im ugh __________ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ Sheep _____________ _ svo .3 2, !i00-.5, 000 
Moritz nnd HPnriqtH·~ _____ ·------------------ l'ig8 ______________ _ su . 05 20, OOO<lO, 000 

Do ___________________________________________ do ____________ _ Co'o . l 4, 000-.5, 000 
Oo ___________________________________________ do __________ ~ __ Cs117 .2 2, 000-8, 000 
Do ___________________________________________ do ____________ _ Srvo .3 l, 500-2, 000 
Do ___________________________________________ do ____________ _ yv1 .5 l, 500-2, 000 
Do ___________________________________ . __ 

1 

_____ do ____________ _ yvo .7 l, ,500-2, 000 
I 
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P11rkrr has n<l v1H·1it 1•d t 111• mw of hPtn detecting 
instruments with 1·hn111IH•r wnlls 1·orrC'sJ>011ding 
in milligrams 1wr sq11arr crntinwtPr to the 
thickness of thr rPlntivdy i1wrt epidrrmnl 
lnyrr [20]. Thus in cxpn·ssing skin dosngc it 
is 11robnhly morr inforrnutivr to 11sr the depth 
dose nt the dPpth of .tlw rpidPrmnl lnyrr of the 
skin. 

The nhov<' tnhlP also illllirnks thP spcciPs 
difforPn<'l' in skin ~wnsitivity to bct1L rndi11tion. 
l{n bhits n nd shr1·p n~q ui n•d lnq..;Pr dmws thnn 
micP to prodtl<'<' tlll' snnw dkrt with roughly 
t lw sum<~ l'TH'rgy lwtn. Por<'i111~ skin, which is 
rrp11t Pdly morP likP hu mnn skin t It nn ot ht>r 
1wim1tls, 11pp1tr1·11tly is more' S<'nsitivP t.hun tlw 
rnhhit or sl1t·1·p skin. ~OlllP of thl'sr cliffrr­
<'llC'1•s, 1tsid1· from >'p1·l'i1•s difT1'1'1•111·1·s, 11rny lw 
d11p t.o vuriat ion i11 t l1il'k111·,.;s of 1111• skin of 
cliff1·n·1t! "IH'l'i1•s 1111d dilf1•r1•111'C'S in tp1·l111i1pl(•H 
llSl'<I. 

Tnhl1• :.l shows lwtn dosngl' dnta from somr 
human PX[wrimrnts 1trnl tl<'<'i<l1•11ts fo1m1l to 
prod11<'<' \'Hrio11s l'fl'Pl'ts 011 tli1· skin. Tlwsn 
dnt1t must lw int<'l'Jll'f'tNl with gr1•nt r·nution 
d11" to di11'1•1'<•11!'1's in PXpl'ri11w11tnl trd1nici11<'H 
nn<l dosi111<'1ry. Thi' R<'V<'rit.\· of th1· skin 
l'<'llC't ions is l'<'Jll'P,wlltPd hy dq.;r<'l'S. A firnt 
d1·i~n·1· 1'<'1tl'I ion impli1•'1 t•ryt lt1·111n nnd/or rlry 
c!P~Hl 11nrn11 t ion; it ;-;1•t·o1H\ dq.!;n'1'. t rn11s1·pidnmnl 
111•nn~1is with 11knnl i1>11: 1t11d 1 hird clq~rPo, 

f11rtl11·r bn·1d;dow11 of tl11• skin with lh1• 1kvc•lop-
111f'1t! of •·liru11it· rndi11tin11 dPr1111Llitis. It. <~1111 

hl' 'it't'll t 1111! I h1•r1• i" n 1·1>11sidt•rnhll' v1tri1Ltior1 i11 
dnsp n·port1·d lo prod111·1• 111<' v11rio11s l'('lll'liorrn. 

In th() MnrshnllPAe t.lw Hkin tlmH~ could not bf' 
estimated with 1my cl<•grP<' of 1u·r11rncy duP to 
the complicnlecl HmPar of h1·tn sprctrn vnrying 
with time 1mrl thr uncvrn cfoitrih11tion of th<' 
mntf'rial on till' skin. 

The beta componrnt of tlH· fallout wns found 
to have two major pPnks of <'llPrgy, one at 100 
kev whirh nccountrd for .'i0-80 prrccnt of thr 
nctivity and on<' 11.t GOO kc-v which accountrd 
for 20-50 pcrt'<'nt of th!' 1wtivity {1 J. Fifty 
pPrcPnt ntt<•n1111tion of t hl' 100 kcv componrnt 
m·curs at uho11t 80 mil'ronR, nhoul the d1•pth of 
the <'pid<'rmis. Fifty Jll't"<'<'lll 11tt rn1111tion of tlw 
GOO kcv component occ11l'H nt about 800 microns, 
foirl} dl'rp in tlw cll'nnis; 1l<'PP <'no11gh to 
irrn<liu.t<' mnny of t hr hair follidt's. Thr 
relnt.iv1•ly floft. 1111t11rl' of ttw rndiation wnR horn<' 
0111. by t.lw AtiJll'rlil'inl 11nl 111'<' of most of ti11· 
l!'Hion!1 I.lint. dPv1·lopl'd. 

A vPry ro11i..;h hiolof.iirnl 1•stimntl' of the doH11 
to tlw AcnJp of I It!\ ]{011~t·!1Lp JWOp)r mi~ht IJp 
maulr hy miinf.i th<' indt•x of <'pilution. It is 
known thnl with 200 kvp X-rn.v a dmw of nboul 
400 r iA llPcrsAnr,v to prod11<·1• Ppilnt io11, n11cl 
doH<'A nhov<' nbo11t iOO r prod 111"1' p1·rmn11rnt 
Ppiltition. ~i111·p rl'gTowt h of hnir took pl1t!'l' 
in t lw l'pilnl<'d ~!arsl1al11'A<' th1· dosr to thr 
li11ir follicl1·s must han~ li"1'11 int h1· nliovP rnn~P. 
Tl1is do~m n111st hit\'(' h1·1·11 lnri..;1·ly from th1• non 
k1•v <·0111po11r11t. Tl1l'rdnr1· tl11· s11rf1u·1· dost' 
from this 1•0111po111•11t 11111st l11tv1• IH•1•11 4 to G 
till H'S hi1..;h<'t' or i11 t 111' l'llllf..;1' of I ,fiOO :!,:i()() r1•p. 
Tlill Ht1rfnr<' doH<' fro111 t hi' llltll't' 1dt1111d1t11t l 00 
kl'V <·ompo111•11t m11Ht f111\·1· 111·!'11 ITltll'h lii~hl'I', Ii.\· 

T.\nt.i-: 2.- ll!J'.\1AN EXP<>SUHE TO m:TA l!AllfATIO:"i 
. --·-- -,--·---·---- -----------··-·-1----- ·------- -·-·-·--·-- -- ---

Hn<llntlon 
' --------- -----------1-

\\'ir1 h and ll1qwr ___ _ - - - " - - - - - - - i p.n -- - - - " - - - - - - - - - - - - - - - -
Do ______ _ 

Low- ll1·t•r ______ _ 

no_ -- -- -- . -- ---- ------- ----
Tlohbins el <ti_ _ _ 

pn - - - - - - - - - - - - - - - - - - - - - - - - .. - -
pn _ - - - - - - - - - - - - - - - - - - - - - - - - - -
pn_ - - - - - - - - - - - - - - - - - - - - - - - - - -
C:athodP mys (1,200 kv). _. ____ _ 

l\:11owlton 1·/ a/ __________ _______ Fission productR ______________ _ 

!)o____ --------· (l Mcv. ave. <'nergyl------··----
Do ______________________________ do _____________________ _ 
llo ______________________________ dn ______________________ _ 

•f:sttmatrrt dose 111 lst mm. lay('r. 

I~.st. f108l\ (rrp) llracllnn 

1-------1-------------

(i;~5 

l, 180 
*14:1 

7, 000-1 7, 000 
l,UO{}- 2,000 
II, 000- ·i, 000 
5,000-10, 000 
5, 000-10, 000 
8,000-16, 000 

ltit dPgrPt' (thretiholdl. 
2nd d1•gree (thrrshold). 
!Ht dq~ree (thrPHhold). 
2nd degrrl'. 
:1rd dq~rPt'. 
2nd dPgrr1·. 
:3rd dPgr1•r. 
:1rd r!Pgrt•t•. 
3rd drgr<'e. 

--------------- -
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A. fodor of!;, 10 or mol'1', hut witlt Vl'l',Y lit1l11 
pcmetrnt.io11. 

Estimations of the dose of skin irm<lin.tion 
from ground sourrP hetu has bPen m1ul(' by 
Sondhaus (1]. 

If no shielding oerurred nn1l exposurP is 
considered eontin11011s thP close nt the levf'l of 
th<1 <lorsum of tlrn fppt. wns r.nlculatPd to hn 
about 2,000 rC'p, nt hip lev1•l (i00 rep 1tnd n.t 
head levPI :mo r1•p. ThiR A1111n·1· of rndint ion 
was nppurf'ntly i11staffil'iP11t., nlonn, to produce' 
any lesions, tlio11~h it probn.hly ro11trib11t.1·d 
significnn t.ly to t.Jw Sl'VNi ty of I hP foot lPsionA 
obscrvP<l. 'With litr~l'r 1imo11nts of follou t., rndi­
ation from tho ground so111TC' l'Ollld lw sufli('il·nt 
in itself to produ!'c skin ksions. 

Acute ejfeds id beta radiation on t/11· skin. - In 
general beta mdintion ('ffl·l'ts on the skin nm 
similar to f'ffects produced by mor1• JH'llP­

t.rnting rn.dintion At11·h us gnnunn or X-rndi1tti1111. 
Howcwc•r, I lw ll's~ p1•1wl rnt ini~ h1•t It mdi1ll ion 
prod11cPH mor11 sup1·di1·inl IPsio11s wil Ii Jt.,;s 
dn m1i~1· t.o t h11 d1•rm i~l. <'n11A1·q Ill' tit ly I I 11•y 111'<' 
llHllUlly lc'f1f1 pni11f11l 1111d lll'nl mon• rupidly. 

Thi' I im<' H<'<t 111•111·<' of 1kvPh1p111Pn I of hl'l tt 
ll"sio11s from fnllo11 t. vn ri1•f1 <·1111sidrr11 hly w i I h 
t.he dose to I he ski11. A prinrnry <'l'~'I hPmn mn,\' 
or may not lw ohs('rv1·d hPgirrning n fC'w hot1rf1 
after cxposun'. This wus not. S<'<'ll in I lw 
Marshnllrsn, prrhnps d ti<' to t.li!I dnrk color of 
t.hC'ir Hkin. During t.lw first. dn.v or so itclii1q.~. 

h11mi11g, or t i11gli11~ of 1111• 1tff1·1·tl'd ski11 mny tw 
mcpC'ri1•11c1•1!. At-i wus poi111.t•d out t.lil's1• s~·111p­

f.OJOH might. in pnrl h1• d11P to th!' 1'111·111irnl 
11at11ri' of t.liC' ful1011t. Tl11•s11 Pn.rly si~ns n11d 
H_vmptnms lll'l' llHllnll.\· followl'd by nn rtH,Vlllpto­
nrnth' lntl'lli 1wriod hdorn full-blown ll'sions 
dtwPlop. Tlw l1•11gt h of I he lul.Pnt 1wriod lllll.V 

vary from 1t few dnys to sC'vcrnl w1•pks which is 
usually rl'latcd to tlir dose to tlw f1ki11; t.hf' 
higher the dof1e th!' ::;hortl'f tlw In.tent pC'riod. 
In the Mnrslrnllesc 1111~ more henvily expos1·d 
group developed skin ll'sions 1tho11t a wc1·k 
before less heavily exposed groups. Dnf' to the 
particulate nnture and mi even distribution of 
the fallout on the skin the developing lrsions 
are likely to be spotty. A ser.ond11ry wuvC' of 
erythema may be SP<'n along with gross ehnng<'f1 
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ill tlw skill. Th1•1w chn11gC'H mny b1• i11 t.ltn form 
of 1:1impln l.tt1111i11g, pignwntation, 1111d mild 
dl'squumation with low drnws. This rcnction 
might Im classccl as a fir.~t degree reaction. 
'Vith higher dosC's vesicul11tion, complPtc cpi­
dermolysis ancl ulcPrntion may occur. This 
sf'writy of reaction might lw c•lassNl as a 
8Pcond degrn reaction. Spotty t'pilat ion may 
occur ulong with lt•sions of th<' scnlp. Rf'­
growth of hair is likl'ly with n sccon<l degree 
l<'!:!ion. Tfr11ling is wmnlly 1u'.compliHlll'1l within 
11 '''<'<'k or two with n·pigmf'ntntion of t.hr skin 
in mild<·!' ksions. DPC'p1•r ksions mn.y hen.I 
with HOlll<' A<'ttrring 1111d ltt<'k of repigmf'ntation. 

('hnmic radiation ".ffrcf8.--\Vith largl'f dosC's of 
rndintion <'hronic rndin.tio11 dermatitis may de­
v!'lop. Thesl' ll'sions do not. hC'n.I w<'ll and on 
hraling mny hrPn.k clown and ulcerate again. 
Brully S<'t\!T<'d Hkin with t<'lo11gif'C'tn.tic vrssPls 
may n•f111l t. ThPso sC'Vl'l'l' n•1tc·t imrn might h<' 
d1tss1•d its third dff/rN'. rPnclim1s, H1 1 p<'1tt1·d rP­
p11ir 1t11d hn·akdowt1 may 01·1·11r d111• to i11~1tnliility 
1t11d poor vni;1·11lnrity of t Iii' d1·n11iH. lt. is i11 
skin of l.yp1• tl11tt. J111tlig11a11I. 1·lin11gl' llltt:V lnl1•r 
I 1thl' placr. 

Afaliy11a11t cha.11y1'8 in tlin :-ikin hrts lwr•n 11b­
s<'rv1•d in 1tnimnlH ttH n. lntl' dfpc·t of hl'lll 
irrndintion of t lw skin 11111! prC's11m1thly 1·c11rld 
1tlso 01T11r in tl11~ l1111111t11 skin. Tho1q.;h malig­
Tl!lTH'.V 118111llly d1•vdops nt. llt1~ Hite of !'hrnnic 
rndintion d('l'llltttilis, ns a rf'~mlt. of I'l'JH'1LI I'd l'X­

pos11r1' lo rn.dintion it l1us 111·1·11 n•pm·tc•d to 
111·c·ur in nnirnnls followi11g 1t single 1•xpo:-i111·1· to 
h1•l1t rndi1ttio11 with liltl1· or 1111 d1ro11i1~ d11u1r;'.1' 
in 1111~ Hkin. 

Trmlm1'11t of 1w11to bl'!.11 1Psio11s iFI mninly 
symptom1ttic. Wit.Ii mild l1·si1111s, dnilycle1111Hing, 
ttpplimtion of blnrnl n11tipruitic oi11tm1•11ts lll11l 
lotim1s m1ty hn nll tl1nt is np1·cssnry. For morp 
f1CVPl'P 1111'ernti11g 1C'Rio11s, c!P1rni11g with dnily 
dr!'ssi11gs, splinting and 118C of antibiotir. oint­
mPnts or nntibiotics parf'nternlly in c118<' of 
s1·<·ondnry infortions may be indic11tl1d. Tli <' 

llS<' of Al or V C'rn plnn t npplicntions is claimed 
by somr to enhance healing of radiation burns 
[21 ]. Lesions of chronic :-adiation dermntitis 
may he quite painful nn<l thf' only pffective 
thl'rttpy in such c11s1•s is Parly skin grafting [22[. 
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Fig11n•:-; :.!, :\,·I, 1111d ;, il111Hf.rnll• typi1•1d l1·Hio11H 
in 11111 \l11r.Hh11ll1•:w pt·oplc•. 

111 t'Oll('htHietTI ( wo11lcl lilu· to HllllltllllJ'ir.11 I~ fow 
I lii11g1:1 we~ ht1\'1• lc·1111wd n.110111 I li1 1 Pfft'l'lf! of 
follo111 011 Iii<· Hi•i11. l11q!l'I,\· 1tH 11. rt'Hlllt. of our 
\lnrshnll<'HI' 1•xp<'ri1•11c·c·: 

l. TIH· IH•st prophyl1Ldi<' nwns11n', of 
cours1>, is uvoidi11~ g-1•ttin~ thl' fnllo11t on tlH' 

F101I1n: '.l. /Jr/11 mdi11li1111 lrn11111• of 1/ir f~1·t 111 I, 11•rri.H 

11fl1·r 1•.q10.•111·r. 

F1cc.RE :~.-Same ra.ie in Fig11re 2 al 6 months after 
exposure. 

J:- '.J l -; ) (! 
l • .1 ' 1 ! 

[ 10111u; 1.--F.pilnlion in 7-11cnr old yirl 111 ::?II rlrl!i•­
Cau No. 72. 

Akin h.v ta.kin~ Ahrlt1•r or covPri11g m1 m11c·h of 
thn body AA poHHil>li• with c·lotlii11~. l'rompt. 
d1•1•ot1f1tlllirll\fjo11 or 111< 1 Hki11 l1y thor1111gh 

~H'l'T1hbi11~ with HOllJl or rl<'fl'l'gl'11l. ll!Hl Wllf.('J' iH 

of t'Xf 1'1'11\(~import Ill\('!', Ir I lt1· lini r is Hniow~l.v 
cont 1uninat.«><l lln<l rlifTi<'11lt.y i::i prn·111tnl<'rt·d 111 

d1•1·011tttminat.io11 1 1:1llllvi11g of t hn h1•1td 18 

indi!'1tffl1l. 

In tlw MarshnllPsc ccrtnin fnctors atfordrd 
prot.P-<·t.ion ~ni11Ht tl111 d1w0lopm<'nt of l1~siom1: 
(1) ShP!trr, (2) I31tthi11g, Hwimming, w1tdin~, 
(:J) ('lot hing. Crrtnin focton1 11180 fn vornd 
the d1w1•lopml'n t of lPHionR: (I) As poi 11 t rel 
out ttrrns whC'ro pC'rspimtion is morP profttH<', 
(2) Ddn)· in dP.<"on t nrninution, nud (:{) 
Ditric11lties in dccontnminat.ion. 

2. Moderately sever<~ bctu lrsions of the 
skin and epilation may result from fallout 
situations in which the whole body prnctra­
ting dose of radiation is suhlcthnl. With 
such doses the skin lesions do not. nppt'ar to 
complicate the radiation syndrome. 
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· F1nun~: 5.-·S<wir. ra.~e na i'n Fir1urr .) Ri.t 1111111/h• 11/la 

exposure sho11•1'11y romp/dr rrf!roll'fh 11/ nor111nl /111ir. 

:l. H1lW<'Vl'l', i11 Ail 11nlions whc•rp Hkin 
!<-!'lions nl'I' tl~HOC'il\l Pd wit Ii In rgt•r whole• hod y 
cloAl'A of rndi1tlio11 i. t•. in thl' ll'l.hnl r1111gp nr 
nhovP, witJ1 gr<'u tc•r hN1111topcwt.ic d1•prt'HHio11, 
t.lw h•Aio11s would l11•C'ot11t• uwn• t'llHily in ft·i·t <'<I, 
poAAibly 11 fford i ng porl n lA of 1•11 try. l1·11d i 11g to 
h1tdl'rPmin or HPpt.il'l'tni1t. 

4. Sevt•n• :-ikin irmdint.ion witl1 rni11i11111l 
whole body irrndintion might l't'A1ilt in Hitun­
tions wlll'l'l' pro mp 1•v1u·11nt ion from I.ht· c·o11-
tl\mi1rnted nn·11 01·1·11rn•d, hut Hkin dc·<·011tn111-

inntion wns delnYc•c!. 
5. Enrly skin .and l'.\'l' symptoms rniglit· ll!' 

mildly disnhling during th<' first di\:< or two 
aftrr Pxpos11n' to fallout n11d lnt<'r symptoms 
associut!'d with full blown lrsions might he> 
quite <lisnL.ing. Lntr dTrcts 011 the ~kin in 
th<' form of ('hroni<' rndintion dPrmntiti'l 1111d 

mulignunl'.\. urr possihlr l'Ornpli<'ntions. 
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