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Ur.lversity of Pittsburgh

GRADUATE SCHOOL Cr PUBLiC HEALTH
o.penm nieipeseiion v. nn
on<.oits.c*.4m.n

Novernber 23.1?83

Ms. Jenny H. Johansen
Radiation Specialist
U.S. Nuclear Regulatory

I
Comission Region !

631 Park Avenue
King of Prussia, PA 19406

Dear Ms. Johansen:

In accordance with your recent request, I have reviewed your draf t
report 3030 03053/83 01 and its appendices. On the basis of the
data provided in the report there is no convincing evidence thatthis individual's illness and death could be ascribed to the mani.
festations of the acute radiation syndrore elicited by an acute

300 600 rads.whole body radiation esposure of

Sincerely yours.

|
( |

Niel Wald, M.D. .
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Cecil Teattook of Medicine. [ds. J.B. Wyngaarden and L.H. .*cith. Jr.:
W.B. Saunders. 1982: pp. 2228-2234.Philadelphial
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520. RADIATION INJURY
Nirl Wald

Radation energy Innn sowm of non&c ra.
dubon produces a varw' ty of chruc41 rranifestatons, depend.
t4rwie.

nns on the magnitude and duration of radiation ripwe ard
on the sue and function (s) of the body area irraed ihr
source of the radubon rnay be ertemal, sw.h as an n rey
machitw, or intemal from a radioactive isotope inhaM in.
gested, intetied, or absorbed through de skin or a wound

Ginical maruftstations of radution energy algor; tion way '
I

be erute, with ce without late seqixtee, or they may be de-
--

'

tayed and chronw. The ecvte manifestabora include de aose
L
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sadLation sytdrome whkh ty}4a"y follem wlcle loly fadl. ahhough hand injurbs s#VI cetyr creasicruUy in industNItedgraphen and uun tJ a ray tulytte equipment.
shon esowe, bcal tinue ce cesan injury Wh tarde or no The datovery of stural radiactmty by Betquetet in !!%
systemic tr.aruftstattom aftet prtal tody eiguure; and kd to the pun 6tation of radhrn by die Curws in 1911 ar.d sta
gemh arJ denlopr.enul daewtar4n aber einnte c/ the uw in inedicine and LMuitry Atout Mo watch dal pmters,
lenes T 4 dirJcal efretas d intenratient c4 neatarrt low kvel industrial chemtats, and cned ul shents were inmind. In
taust6n nroute may present u thrcrJ< pec11;rewhe imptt. 2300 of these,in whom tr+6ul trlormahon was compJed tv
tr.ers of certain itis.es ce cngana, oc scJeiy sa the a ttahniy A M Brves at Argonne Natonal laterstory threugh 1973
bie appataAce of or e of anodat c/ the bng term wguebe c4 there were 06 sNhs'. ant tumon, mth die esceu owr 94
tadanm e owurt exh as cance, and leJerr.La in ad& tion, eignied Isequency knwietr( tone arid the air canbes d (14
Any n ysure c4 the gorw's imy prodwt genn uD chAngn oc head. The development c4 imn. rude radicactin materal

during and after Wottd War 11 led to a nudear induairymutancess with tequelae in eutuguentyrogerry,
nieve Lnjury tmy be rodxed try uudar interwtions with ppubhon of Several hundred thousar+d M:ikers, but cedy

radshard (/ any part d d.e tlestromagnetx apttrum, locbd.IM uses of (! rytal radahon injury had developed try 1979
it( the output ce the sun, hurt, of cruaowan equlpnent. Ahhough data collechon (teterrung mediul misadmtnistfs.
krf.e (4 t}<se, swh as s.rsys getrtrra rsys, and nevtroru, are tions of f adicactive isotops deOgned for dugnostic or d
uptde cd pnetratiott and can podse Inter.ul tissue dam. tharapubt pwyoses has rtA tieen systemaht, several deaths
age. Chhet f adattoria, ruth as af;Aa toys arsd bw energy 1444 and a number of in}uries are knowfi to haw omarred in de
a s ys, han a very limJted range in tissue arid are injudous ordy very brge American pat ent ypuletton, estimated at over 8
when t en o!! widdn the tody try inwrprated radscactivt .rm!! ion arsnually, rwrivseg thew rr.eterulsh
wiepes The radiationa eaurrit try kvating rad shon sources D.e maruf tstaticna of antle or of hte radi.tertosotoov,
ste quarHtated in rtwrdgerd (R) c4 evios are, wtsteas the chan irqury are not produced Sclely t y irtadation 11 is th re.
radahcc erwrgy sisedvd try tissues is qunhored in rada lure tsunt'al to untae epdemielegic methodology in order to
The earne at4 orbed dese dehvered at different rates mil estalbst the relatiornhip of d,e ebologic agent to the (hngal

,pcdua very hflerent effets errrieornatolegy. Tw moss hdpful features han t.ren the
s t ot ooe. Typiul rsJabon inpry is caused by eip>sure tempral relateenship of the eyesure to the denlopment c,f

to ecmaa ratahoas hnte the re cgedhon c4 man.mede
Regen in 1HS and c4 ratural radeoactivity by dtnial effeos and the q,anhtative dou responw reishon.radahon

"4cquetel ,e fdlowing yeer, ortvptioral and rnedgal e v;io. stup
The ebologic role c.f red Aan in the (twcal syn 6 cme of

surn have been the mcat cemmon sources of radahon irqury, sals radahon injury has inn shown in epidemint: sit se d.u

alt .eugh the use (4 nwtear weapru in World War !! po- ees of the Japnese stema t omb surmon. the Marshal; 1s.5

duced a rnajer ed& tion Ln duVcal taws injury from oterrut bnden and Japne ,e fubertnen eipysed to f allout fro- a
sources ocnute J among the earty n. ray workers. the employ- tsudear mapn ten wverd group of radiation therapy p.
ces of the nudr at weapna prorni, and evtwuent nudear ms and t) e workers involved in senous edustnat radanon
energy rewarch and Indanal ergerunhona in editor, un. an jents [p1Jermcbsg sNdies refahrg la e radahon ef'eds

tie

aveidable trory has tven prched iri A mt raiahon therar.y smh as neerbsta diwnes and hfe shonening to radahen
pt erts threvgh eyesure of riormal tmas adacent to the espsure have dealt mth raLotes'sts and other physicans

thethe af arew populahon under br g. term follow.up t3leuen t.nder treatment t
interr.at raionschde eigure resulted in inpry to cry icy. Ak ~nc kmb Casusby Commisuon and its succenor unce

er. of the ratum watch d.41 pmhng induswy in the Ims lea the Rad ahon EHeds Reucch f oundat on, the ra6um
Me:e recently, falout frem rudear mapn tests has pro-
dacd some 6ntemal radeud>Je depesioon in the general

wa'ch d:al pinters. therspuhully t irradated pt ents (pr.
ec in the rnedgal pt ent ppdahon. the uws of talum Scu'atly thew receivirs thymg irtad shon in trsianevi ps.

as a therapevhc agent ard thonum as a dagnoshe
z. ray benu secemt g radicadwe io&ne .e ra ry. and nudeat i+dus.r

centrnt meism hne resulted in dirucal sequebe decades try er' r:oyeescate+00(=tsin The bng pthc'en tyggo mth the snier.
sher admtrusttation Abo there fJve taren estances of dag. action of the radahon mth imue mthin the first wcend ofnesta and therapunc rabecope miudmitustrahon prc=duc. esp sure The radahon energy in rhetoru or partides pne.
ing acute inpry and occas;onaUy uusing death trahng the protopbsm may interad at the atome Ic.el towcicines ano rwevata=cs The freuency mth whah produce ron pairs Thew iora combine rahmhemnath mth
radahon injwy occars is desely rebted tc the avaibbthty of ceu mater. Produarg free raduals swh as H and OH. w'och
sewns for redahon espwe and the undentanding and are fwther react to produce such forms as HA and HOa These,
mth wkh Scy are maintained and taud De brgnt pAen. in twrt rray interact mth cnncal molendes of the cell proto-
tal sowte of redation eamlhn is the truLiary use of nerlne pbsm such as nudeic acids or entymes 11 the dcse n h.gk and

TN Jotnt Commusion for the 'nmtgation of the interactions are numerous the cell may tw L!!cd d6tecJy tyw a reu
Ofees of the Atorruc Bomb in Jaan estur.ated the incidence the radahon At lemt dc+cs, the abdity of the cell te dmde
of radation injury in Hireshirra to te alcut 40 per cent and in rnay te impaired armanently or tempranly 11 tie DN A a
Naguaki atmit 50 per cent in the injwed suroimn in Htrcs involved, subiethal damate to tha mokcule rnay resuh in
shur.a alcui 30 per unt of the doth in time wk survimd reprodoction of the aherahon 6 e , mutahon) in daug,hter and
brger tNn one day mre asmted to radubon in}ury erther desundant celb Dued tell Lihng testns mth nowurn (4
abne os mnbuwd with bbst and/or t urn darrage, in the one or more thousands of rads,in gencial, ahhoty,h sure uus
survimr m.dy ;cpulation c/ 8U44,144 uses c4 leulenua such as lymphcotes and spnmatogorua are affested at inwh
doeloped tetmen 1950 and 1974 h is peoluble that modern kmtr doses Thew celb wkh are upidly dindtrg and ddier.
nwkar mapon effetts wwld eseted thne rudts in nudear entating are mest vulnerable Mitcta anest onun aher wv.
mapon tests, some 300 people han inadartently teen n. eral hundreds of uds and is charaderued by mnnnumg
powd to bcal high k vels c,I ndioactin f allout, mth resultant function of the oistes celk but o r.ew dmssons D.e mn.
clumal mandntshona in alcut 15 per ant. hnuing synthesu of protesna and erwymn. despte an trrr.tts.

Early pacenme uns of rs6cactmty kJ to an trurial high ibly impired rnitonc apparatus, leads to " giant uth" wkh
tnodence c4 injury Withm seven yeen c4 the demoratuhon d.e aber several meks tecause their escesu e sur v 'erfern
c4 u undahon by Roentgen in 1H5. Some 200 uws c4 a. ray mth nutnhon and metabobsm At dows of alcut 100 rads oe
injury had teen reprted After re<esnibon c4 the haurd, more meiche dehy resuhs from tem;crary irr pairment of t}<
radahon puettion sundaras mre denlo ' intemancmuy.
There hn L9en a marked reduct on in

' trpe of trqury, eruteta mecharusm At en!) lower doses tstragnt deumoto-

--wenas.g w agyg p g,,p,g g y,,
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10M # t sr0%LS TO CH1W At AND fim 41 ALL AI)4 .

WL[ n3o
disappat to the sorrc time pncd A g'adual f all in grar'ub.

o r
. '

ryte tvunts tegma during da first two e een s, reaches a r4a.
h !al *etkkiness" la aven. 'e8WfMII cauwd by demhanticef

teau or evem shows an aterttre rise, followed t y a stup fdltet Aho,legerdtg at eiWswesSi N DNA.higav srele
, u krw as a Itw rada, are chromosotr.e al ettahora,I e , tneat1, to a low retni at atovi M dayi pteipesure. T14 g4stelet

deletkr* sa p, ard abrormal f gems ewh n ring ud dkentrw (tunt ruder curvr1 at the same tithe, after a more neittnma
f aU [f d4 Irdtddual swvf ws, an abrvM troeaw in su tie et0

The eMeds c/ diew (tlk!st abrertrat,t!cs deperd cm the 1.nes mentioned. rite tt d.e ly! randly renh normallenta An
duomox. met mphetytN, Mll estvr witidn the

rate c/ pdferaticei el r.ew tella required in h.sh twwver not week ar.d d.e tvunts MI
trutui innesw in granulocyte count in tW first 14 bcmrs traytissues ewh as the bic<d.ferming tusve ard d.e gastrotniestbE

rul tact, the relattrety short life opn c/ d.e pedomitsant celb (4tur cm the tasis of a nortsprof4 " alarm reaction,
" and/

should not mislead cae to estlude radiatke injury on thh1eads to rapd de 4et>on t< fore tb mset of trutceir re<vveryI
ard tw.* ull pc uttkn in d.e priesl c4 erJut< trshlbitice c4 tasis Blood bimbemkal autr>es tr.ay show nortspeof,c inds.

*

k
0.e thd.furrrJr.g tisme, for etample the toruequent deple- uk,rs of rnapr cell arid Nuve damage swh as (rntinurta

f| tac t/ rr.ature tida results in increased pobabibty c/ trdce tricnased escretion of DNA breakdewn prcducts such as
eke and bemonhage Re resultant patholop marufestatnons decrys ytidme, teu arnir oisobutyric acid, and nrious or. hee
are ncespxtric, aldogh the infammatory d.anges utompa. amino acids Serwn enryme values tuch as LDH, SGOT, andT

nyeg trJectw are derdent in payrt ar;6ccucker (tlla. '4FT may t< elevated, and an early tunsient sbght bypert4
in tusues whkh han 1 rite c4 r.a ctetevous pohferation. inb!r.cmta ot+ernd Wethin 24 hours thromcwome tareakage,

$ such as the Dver ce t taln, das typ c,4 todanon injary is rd and abnormat forms can tv seen 6n pripheral biced 91oge.
apprent, tcwmt. fuM k ru! t . , n rnent tra y be celeded by rietic pepatsboro, the fraquer ry betc g related to d.e magro.j

,

wrent tus# s, such as the
apptcynate rrtana. In ury sf m tude of the radLaten espesure.
lens c/ the eye or the thyroki gand, d.e grarafetuticos of The petretonMal farm is asx<tated with snoreita. rarwa.

;.g

i avte red.shon effeos may reqwre months to ynts before rommng. and darrhes mth n tW first few hours after ripre
<

f t emr.rg evider,t. Aho, the small a<te rtotes damaged t*y L. cal sure Thew may 1.e of suffuient wventy to requite ntae
radahon injury tray show a rompenastory inoine in tell treatment bv vpuslfy sutode mthin 48 hours A latent pdod%

r

h( picduct)on, leadir 3 to enddhthal thkienirsg, c1 htersh.eer.dartenta, and estens've fMtsk c<vr a polaged period c4 is n major reweverwe c4 all the gastrointestmal ermFwas ufo!!ons wh>ch may lot onh a few days to a week tefoo there
W

well n those of trJetiion and heroorrhJge as dewrited ateve
f( time

Chromosomal abnormalities podated in (npred celk n ey Thew pahents gerierstly die mth a fulmmahng enterwohtuh be repoduced and prpetnated for deudes A leng thtd 14 fore the full appearance of epitation and other slower dent.
4 cerrpenent of the irrnphoid cel's tray ntn urry the engitul

opirj nl aten sequelae.la. oratory abnormahties in the gastrotntentmal form c4radabon darrage for many years tefore dMdirg Gones of
L -

A ulb mth the ume spofa dverwme abnoimahty reay radabon trqury are similar to thow of the Fematofegit form
but u<ur more pomptly atd wuh greater n,qnstude. Indeveier ever a period of years n wellChracal marJestabens of rado

,

addmon. the hernatcmt rnay te increawd as a result of hem >cta, cat uaiv ristatrn t
suon mjury can 14 iMwided into three major forms the <encentrahon c suwd by fhod less which, tegether mth hypo.'

ante rad.ahon syndrcrne, ars'e 1a01 radiaben in;ury, and s'vcerma and eleorol>1e imbahnce, resuh> from the less of a
delsved eHens titerral pnetut.rg irradahon, n w+ll 45 functional miesbral mucoul hnmg

e

k enterral and tr,temal radienuchde centamirahon and lual In the reMeal arrrte sprtm and artnersuefar /crm immt.

p injury mth radiceuchde (entam#.at on may po- diste nauses pro;ertde vomitmg. and espic$ne dorthea aretr a u trJ h(

! dwe these manifestat ons. charactenshe Thew may t< accemanied try daonentahon.
Ante Radiation 53rdrome. This syndrome is wen nTo hy presthesia. sini, meshng prestrabon. and shak There

h aMy aher espsure of mcst or all of the tody to catemalma, be serr e impos. ment aNet sneul hours. but aberna.
s m.rm of pnetrahrg ionirmg rad.. hen. a'though high dows hons denlop terwten central nersous syuem hypreinta.

'

$ of WP, u'I. and '"Au be aho eveked it it appart in three tuhry, indudirg conndsions, and CNS depression such as';
moor forrrs. m axendmg w.enry of iryury Thew are the somnolence asd coms This is accempanied by hyptensen
berr atelogic, the geerointeshnal and the <crtral nervous wh ch 1+<omo ineirrsMe, as does chguru. hading to a f atal,

| | eyoccr-ordiovaxviar forrns f our diwerrable chracal stagescoacme m 24 to 43 houn<

can be recognued Thne are the iratal or prodrorral stage Laboratory obserut ora m the central nersous system andmark edwhkh sulmdes into a latent stsp. fo| lowed by a state of ordiovawvfar form os uvte redation tryury shoni

f trarufest or overt i!' ness and a reto.ery stage The dunt on of teleucpug of the prevsously deunbed injury syndromes mth
ea;h suge h inntw)y related to the snenty of injury. abnormahr es ccrutring sooner and mth greater s.eventy

Tyrcal maNfntadora of the Arwrclep /cm are seen after Complete lymphopnia and an initial granulc(yte lent as
an tipure in the midlethal range (alcut XC rads without high as 40. COO rrvy be prewns mthm the rwit few bours:J
treatmenti Pralromal anoteila, rauna, and possMy mmit. Promp duomcwome nammation may show muked increaw

ig may commence mthin several hears and genera!!y sub-Transkent warn of Shn erythema ard tray beceme dJficult to fed dwidmg celb The 1%hernxalin aternhoru, but as the circulatmglymphw)1c, diuppar, k
i

j;
sLe v(W4fou :conjunctivitis may tv observed cyer the ume pried or evidences of nssue damage are mush more striking in thrs

< '

!coger. The patient may be asympornahc after the pcdromal form of the syTdrome in addition. azoted mordary so,

843t for teve to Lluet weeks. Then the bcreasma trudequacy hypternion t<<omes pomment.P
c/ the body's deferoes ag,sinst inle(tun afd hemorrhage tv- Ecol Radiatice injury. Louhard rad.ation injury truy
optres mankfnt, vdth developent of fever, oroAaryngeal mcur mth acute and/or dirord< clmical marufestations, de-

'

ra, ard bleeding from
tody cirifices cwt fudmgs inc!' e Malp pain ard eplation pendir's on the to(J1 Jose ard dose rate at which esposuitkslons, alscesus, petethlae, purg

&

takes place.
in the third postenpure week, ard rewrent anorens and The early changes result in tfeet ma)or chnical findmgtF

ruuees actompnied try weaknew, fatigue, weight lou, ar.d erythema, epilahon. and transepidermal injury, f rydras
emaciahort Gradual recovery ensues, t< ginning stovt the comprable to a mdd sunburn or a tiermal burn of the fint

o

, } fdth to suth week after exp>sure and possMy requinns degret may apper on esposure to more than 200 to 300 rada.
A traruient first wave may be prnent mthin bouti aftet| sevent months.

The earbest bboratory fmding h tyrnphopenia, reaching tipoivre, assccuted mth hyprnthesa, bunung,, or hdsnt
t mbk milJmeter The maior redness appars two or three weeks hter, th-j aidste tymphryte lenh tek>w 1000

'

j wtthin the first 68 peripsure k.urs reticuluytes may
|

I _____,
- - - . _ .
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tadlation ti[olute Other neepbsms whese tru'ation aP-
.,

part signthuntly indf awd by radation es[elvre includetraerval depndirig te die dose < In tid knWi dose range f 0
,o

d
furthee d.at(es odste (bn tanrung may cimst, and fSediultarwet c4 tM thpold and Sahury $ nds, lung, ton *, an

# b

fetNle t4esst tissues Interfully dep' sited radion*hdes havet<en anoosted prttevlarly wsih maligrunt twt.pturns ofure la ned twetsary. A wunterprt to this teartke has been
des 4fibrd in the mnbmcitva afd in tN anteriot dJerlet c4burd ard retintloerdoddlial tissues such n IJvet, sp! ten, andde eye, with tr/.amrmtore charges uts<tved pomply ahet

lyttirft ritadrs Radium dep'sihon has involved tid fNetod
tones ard dow surroundmg l)W pranaul sinuws bn prtRV-

;gi poeurt,
(pfahest, Or lost of halt, mey octue Shet eip'sure to any

foryn cd radiatlpet, largirAlts with tagosures to d.e Olh c4lar, Whereas interfully edmirdsttred thor um depinde has po-duced an Lrienne c4 hemanglourserna of the Irvet, fn addoatout M rads il gerstrelly dott faut tartome afferent unhl
.

d.e third mek ther cupesure. Asvxtated skin or sulp ten.Mon, a ger.ershied inctease in inc$dence c4 all forma c4 cancer
derrir=s (My o< cue tr.e ce two days pettdirg the actual halthas teen dMNrNnted in the jaMhese atomk komb survivor $.
kei With ooses grealet den alovi XC reds, epiktion rM{Jit %strary ef fift e#|vtfahry throvgh somewhat earbei deathbe

tom;4e'e. If the rep 4ure is tnwh greatti than t<C tadt, rfrom all causes has been demonstrated in the radiologist

a taastrittrmalfafery (dry of wet detmatiHs)la tornpralde Jopulahen byl td yet in the Japanese A.lomb survtyprgN trorufesta.trait not regrow, Ante Radiation $yrdrome.pu o*eotts
to a thef tml snor d degree t wn with trphrma, b!lstering., tbns of antie f adatice injury art not uruque to des causathf

in alvut me anJ one stent Wrefore the dLagnosis retts on the bhtory and thear d MLn. Cordwent 1.ulut may devtle ow (umaUy tacteding
fMI to three n rda, deptdir'g on O4 e voinng clmkal pitem defired by hme c4 onset and dueationh
1000 tsds) Woe may rupwe, ha ving open, weeprg lesinna (A the thn!ul signs, symptoms, and bioratory steema ties,

priavlarly the f.ematofogic chargesvvirerst4e to trJettka
With Msher den, pobatJy m the order c4 $oto reds, a in the abunte of an adequate history of radiatun espesure,,

rnore :enous wr lon el tranup4 dermal injury c<rurs, in the dagnesis enay tv slusive The various manifestihons may
wtah the inton reurnbin a third degree bum Pain uruts ti,y, gest a mde targe of wnd,bces Prtdromn omgest py.

choneurei>s. food pmsoning, or gastrotntestim! viral mfedien,prwpfy and is intenee N raw areas reay be wry slow int <ahng, of may not heal until surg.ul res bon and din e,mporrs in the pencd of roamfnt illnen may mimic arf as.
j

ht ar ema leukemia,infedious gastroententts, typhoid it.et.
,

gishirq are perfonned Epthhcm h prmaneret.r/tu tagher doses snay podwe trnmedate tissue darr, age to and even mump (for radancei protitis) When a radahon,

stewturn !* low the skin $uch in}uises, w%h 1 ave ocevrtedesposu'e hatory is ehtited, bematologg and reos.enebc es.
in de eldummal wall, rnale geratala. and entremihn, are smmahons may tw und at well n physial deumetry data
trrenn&, requiring sugkal einsion and Ivrther secon. obtained try personnel r,onitenrg equipment, if any, and by

sc<enervcton of the espc sure servahon, m ordet to el tamstrutive runagement.
tklayed Elle<ts. Debyed eneds d radauon eignsure are confirmatory and quanhtshw mformahon concerrung the to-However, the evoh,ng timit alcJ two vanebes these fmally appanns to organs * hose cellstental wwnty of the miury

received the radabon espourt and are telshveh slow m peern is the 6nal dagnosta cntenon for the recogrohon ard
rester.hng, and thow bie eReds cwtveneg in organs andr,4ugement of tho form of intury.Lcol radahon iniurv. Unirvtark n it artmves m w'uch dewendent cells u!nmately empen the irohalttolinjury,
radaen mju y sher a ! stent pnod which ruy tv rnanv pears on the upper entremihes. a ohen cordvwd wh therwal
stars in durahon. N Are twe of defayed ef'ert can 14 seen and chemical t' urns D.f'erennatmg features are at<wnte of
in the male gonad for cumple tws as lew as 15 rads mil nnes of erphema in abe brier n well as the more seier

e,

pektpd pin and slower heabrg nwoated mth radahonRecurtent hstue breddon aftet beahng a also ssgeene ofpenMe mreirmrat ta ferhMy owmg to moderate obgespr.
mia btgirmeg alcut M days eher the espewe Aincipermia
milcour mtb deses of more than M to XC rads fer a pricd nd-. hon iniurv as oppmed to the other pcssibihtin

No chnial tharadenshn of ibe ble ebof ruupJy ene to two years Che$ c4 No to too rads may Delayed Effeds.
fecu of radahon espesure are umque to tha enolegn agent

prodme permanent stenbry m male or fema:e surmorsThe kna of the ry, is another late rntendirg hiive, mthRadionuclide Contamination. Radionuchdo detwed
p

on the surf ace of the dm may tw absorted inhaled oropohn appeanns m the postener sutopsular region m
months to wveral years ahti eqvsurn of alcut Do rads or it,teced into t! e tody where they may ad to pecdsce deined
more. Catararts of the postenot lens may deirlop n the eNeds tn order to prevent such wquelar, the rewgnihen of
rurorrey c4 pahents who settive enore than 600 rads ifyrs 4 their pewmc is eswnhal even d . ;gh no 6mrr+date chrical

b of
truhs= tr.ay gradually develop several years a er engsure rNruf tsubens are present. Su<h dagncoht proadurn fruit
several hundred rads She tAa=ps const tute another ble involve clow altaboution between the physk.in and the
rnpanw to either entte injury ot tereded low level radution health physicist, the profnsional trained to reiognue and
esgsure. Wre may tv loss of the detailed 6nger. ridgequantitate nadation e=pcsure in order to pevent deletenouseffeds of radabon P.adicactmty surveys of the suspdedpttern and hair, atmc,rmahhes of t!w fegermits. and drynns
c4 the dm tootued hypeikeratosa cnay be seen, as well n irdiodual mth appropriate radahon detedion equipment
breddown c4 pe,nously healed to strophk dm and, ulto should te umed out. It is most important to culled all un.
cratety, reoplutk skin thanges may develop in such aren rury and fecal ncretions in seprate mntainers vr.bl nJficent

la the /nu the cimkal marufntatens mil degnd brgely data of the rutwe and magrutude of contamirurron are ob.
cc its aige and the sugnitude cd e psure. U rSe ripmure utned. Surne eadionuchdes swh as t, don may Iv wught m
tues place in de fnt one to two weds, rescrphon of the breath samples. An early ov.topmwe tJerd sample should
corwtieus is pclable. Between the wtord and sath weeks, also be coUeded arid pres rved for ndionuchde analysis
the diett wtH be on the prtindar cesare under development Faal}y, it may tw rwsrsury to carry out chest ce wkle tody
at the time. Furthee along in gestatmn, there mil tv more low level radation countmg in an appropriate facshty, i e, a
subtle referalired effects ultimately espnwd as deficits in smaDed awkte t*:dy munter?
gromh ard development, including microcephaly arwl rnentalU a h aumant wound is present, radiccuchde contaminsbon

may be mught by .nenursng nosoactinty of s=ats und inretardsbon ' s ovet die surf aceThe ano$t cominon late efects cJ ndiation euresure are cleantre the wound cs well as by sv i

arcclasht dinaus & eathest to appear are die acute leuke- is the sole contami.with appuprute detecton Il die w
mias and chronk granulocytk leukemia with a peak tro ruted aies, eicteta s, mples will show whed.ee the contame
dence alcut eight to thirteen yean aftee the radianon euro- nant hu been absort d ento the tody ard therefore is >uhe-
sure Chronic lyvnphocytic leukemia a not imtessed by
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trmoval(4 drv4u!Lred tbsoe to tid c'eg'to tseestary, artd etw
ct Jy ochibh for dicstatke ar.d trar.slocation to AMes remote use c/ slin gedurg to (t nf tscmhealing ukerstkorts An add >.
S m d4 wurd tional featurt in snaNgerftht la Very Carebs| and cokvpdtagAttagitt. Arute bItation $yTdtves b treatererd
at mAe ruf tarke eyrdrome la based ce am stdtretariding d observatnon foe pos,tde early r40ptastte chargts

de eajrt
pelayed Effeds- Ginks) rumgement d die detsyed ef.

Cs ptforhyskAgy. The podrc<ml eyrnpuns in tid Scvie letts c4 r6diatke nysure &di nce ddler in any way from time
radiatbn fyrdrome are MU larJtt4 but sedithts and entl. thanagonynt cd $1mdar pthokigk conddksu nd cauwd trytir*tas Imy 14 used u t4tM Drt% # de syrdrotot it ish
krMaN to redu(e anskety try bettirg d4 pathent trdormed indiahcn
ot.uur gw nature of hja infury, the espested trans4nt heat h Itadkmirdide Centuninatiset in 04 cvent d an arturdt

cedy urgent firW
nephtreerd, ud its Arttidpated duration and trtatment. The Ln whkh redimsud,de contamlNtbn is Lkely, d frvm the stie.and shcNid 14 ghto aid the prient tynuate
peskapd w<all.no asMWed with Oda tyndrome enn dur. Conumisted skin ard wourds should t e waded pompty,
Irq cmvaluerne may L4 in some tr.easure sectubry to die

and aD e creta ctWetted.polored ander tra fear d the unknonn uten uu. dated Uwful pregrabma foe skbt deumtaminatkm trwlaje soap
w+th radiation injury,

in the 1.rna reky4 /erm. the Itht4 tion el Initt419 ftigmsible Ard water, surpcal and havrdry detergents, afd ciildtrlrig
(car die overt LUnew ls self tirNted. Tht s ruragerr.ent is di. ageritt. These sriould be anomparded try bruddrg and tirre
redtd tcmstd traln4Mrste d the ptient thtough the Jerkd irg, with care taken riot to abrade the SkirlConumination of the eyes, pop, and mouth h treated
in whkh th dtfef us agslNt Leledion and herr >Arhage are trdtla!!y with (cpous water washing as soon as aceit4e3r$derd. T !s la t r$4 addevtd try (oruchatfve rMans. The
ttrebt rl ric ;tr.cus badtrial ard virallrdeok n is ri uced by lanicese inigants rNy be svtstituted al soon as aval bl+.d

eer ki trntsq tratation d the pa ent with tralnterar.(e c/ 4
for deENtive wovrd care, the usual turgkal princ'plesv

t.h an envisen.rrernt try (4e t f a u uar alt fu of "h!t ishnd'* #pply, with rnodd, cations cedy in the supic pocedures and
#,4thcda Afterdant Unoruiel r*ust 14 Hretned let gettal debridrment iti order to avoid intrcdiadion of shJn (Ontamirse.
pthcytta and trested pc-; b bchcally if tweessJry. tior* into the wound. Pdoe to surpleal treatment it tnay also Icy

Prryhylactic cral antimkwbul drugs la clear pathogerJe desirable to give intravenous cieth)lenetriaminepenuacetit
buterial afd furgal orgerdsrrs frr m the guirointesHnal tract Hid (DITA). a chebtmg agent avohble from dee US Dr.
Nye tven und wfien da tout panulocy1e kYe| f alls t(ICW priment d (rsefgy for investigational use, to ednimiae the
1000 pee cubk md!Imeter. Vanc es blood eteenents rnay t4 retentim of any wntaminant whah may get into circuhtwo
(,htn so repbre defgiencies wl en needed Donors should be during surgery.
limited Ln numtvr and tissue tyjed to minJmlae systernk If radioactmty measurements of enctets and of the whole
rmtcsss to ard inefficacy of trar.sfused ceus Red ce!!s are tody suygest a reudual tody burden of a brger quanhty than
rceded cvdy (I sJgnl/icant bletd!rg has occurred fresh plate- Herns accreatle on the basis of medical and health phy1ici
lets should te avolable for un 11 s;gruficant hemonhage judgment, uneus treatmersts tray be used to minimae de
develers Thelt use has been adn cated nen in the absence of absorpion and erAance the encienen of the radionuchde.To rnWmue respratc y absorpion, the use of irntants.
bleedtng wt.en the phiefet count fa!!s below 10poo per cvhc expederants and pulmorary buge is under current investosndhmeter if avaitable in cencentrated form, normal granulo-
cytes may t< adrdnatered in the f ace of overt irdection gation inblation of DTPA serosol trust is aho cunently
dunng the gianubeyiceruc rhaw !f net agailable, m the tw mg tested f or transuranic isotere contamination.

To mirumae gaeromtestir.at absorption, the simplest mea.
presence of a deatly lJe threatensg trJection the uw of the sure a to suelerate encretion mth a mild hutin. For stron.
much greater numbers of granu!cqtes of ptients mth
d.roruc granukepie leuksmia has been suggested. t<cauw tium 90, sc.dmm siginate and alummum hydronide gel Nw3

they are captie cJ phascioiesis On recevery,it b anumed been uwd orall> to pu,ent uptake from the gut. For cruum-
that the paheni's immune system mil rid the toJy cf such

D7, Prussian tlue (ferne ferwyanide) dces the time To
promote euredon of nucbdes already within the tody and to

donoe celh.
in the situancn in which beth tuolcgic and dcsirretnc mdo reduce dersmen in target organs, such as tone, a vancty of

caroes suggest the high pobbihty of a f atal outcc me. tone agents are suibble f or plutonmm, amencium, yttnum, bn.
manow traastantahon rnay t+ wananted The transphnta- thanum. and feon products. tntravenously adm.rustered che-
t>m yocedures develored ty Thomas et 41 for managu,g htmg agents are uwful. DTPA being the most effectin for

stronnum, the combinshon of high calcium intake and acidi6
leukerrde pat ents after therapeutic whole tody irtadation are cahon of the bked with ammoraum chloride has eHemely
perntuuy helpfulin anidenut radiatinn injury patients aho
Re< tnt improwd resulu mth leukerr.ic ptients treated in reduced tone at3orpion.
remmico and in the use d unrebred donors may increau the in t'4 event c4 potential contamituhon of the pubt c by

appbcatnhty c/ this a oath in high radiation es;osure caws deposition of rad 2cnuthdes from nucleat industrial of weap-

Bnatee traruptam enartcm requires ateut two weeks to ons accWents. ameborative measures may achiew a reduct>on,

wned the defot in drcvhting blx4 celh. such a decision of radation eyesure and health impairment. The simplest ks
i

shculd not tse dehyrd much t< yond the first poste posure to stay indcors in the building asta most shielded from the
outside, usually the bawment, and to ardrumlae wtskte air;

week.
Maragement of the sasheiarntiul fc" of scute radiabon cicharge, as well as intake of air-eyewd fcod and w4ter,

tyndrome has ret teen ew.tesdu! thus f a. Ln the few human Temporary evuuation from the affnted guya;Ak area may

i]
cuwences. Ardtrul studies L7 Bond and Cstr.kJte susvit 14 appropriate, e5pedalFy wtien preplanned aid in the hght c4g

that the vigorvus and early utdustk>n d ad uate anti infn- in/ctmabon ctoretning the rature, Icestkn, and directon d
* tbn agents, bkod components nutrients. e -tytes and tnwl d the rad >eactMey. If ndiokdme, a common Euke-

| ihad aray knhence matality Iaverably, prtdoct, is pewnt, redudon of thyecid upaks lus teen
in the few human trutances of the teatral merw sys- reccmmended for ctruiderstke when the anbcisted toul

I W-ear 4ewenkt Arm, the pogrenin hypcdervion has riot thpoid at%ted dose neceds to rads. Tids can be eccom-
.

phthed try sdmird.tration d dauium kxfide, Do mg dauybeen kaprowd by the administuten of preuoe acents, and Fp the lhaid administratko tswohtd has augmmted the cor.ges. (ed mg. for ebow under one par of age), during the emer-'

the heart f auure whkh has ensued. gercy pericvJ. ptAably no Luer than ten deys.
' 145:aJ Radiation Injury. The treatment v local radiatkm eccmmoses. Acute Padutkm fryndanne. The esumatedm g

Injury la raDy stmtlar to that d therma' ' uins c4 the same shoit-tenn ndution oposure whkh woukt i+ &nhal for 30o
.me,. ka acs e., man,m ne a m pus. m n mi pe,o m a anunt,ea,e o u,, ,paationin.oda m

g|
%1 ._.
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u d in
variNs tistves estimeted t y t/NSCT>Jt cani.e sumrur etscru to
tenns c4 the numt<r d uns espcted pt million p&wwida

wpulJ tie rapeded to ind.a:e the f smetofc,gk form c4 theis atout X0 rah snean tr.Lf!!r,e al ovted dese. Thla eywunup+ed Mr rad of alsorted radatic.n espsure. In
I.,g ceder of senaltivity, with the approtler.ste t.umt.cr d usesxvre reduthe tyrdmne, with hall the esp +cd ppdarke
1.er truPJon pr rad e. inn in prr nthe ws foUoning rad tissue,d;4rg withh to hya lbwtver, an accidenulty trtadatedwveken eunind an esturated KC rede al+orted whole tu yd.cy induJe thyroid (100), le m:lr t'rt a d (ICC). lur$ (25 to 30tleukamla (20 to M), stornach, livet, brge intestit e, brain, ard

l

&ce, wkh percipsure trutment, trxbding loop 1=u er.af.ubvary glands ()? 1015), ard Lor.e, uop.agvs, stuU intes-de-
tvw transpanutkei, try Wald,1kmu, and ct.worb ers,tine, urwary bbdder, unans, rettum. irml ark tasu",. Ardh
spot tiuur de r. age sente erxegh to natndtatt estquenter.wt+a d crardal $6mn (2 to 3). These estimates u very
arrgvtstvan d all four entcemthes Aho, Tkmas ei al. anded.ers hast ux4 pe. atd vrtempswe treatcr.ent, krtludirt

'

;

Leoad generallutioN, and for rath tinue there are d#ertrqand age at es;cture,in adertont
1%rroc tr.urm, Ln ovee 100 a<vtely 10 leukemW pt>cntsaffects c/ such f actors as erto tN Lind c4 radatiert, &+c, ux! doe rate. for compe, trerueteg IXO rada d what todr es;vswe mth stevt 20 pr

pedatrk Wpubbon is encre sensitive to thyroid urwet trduecent uity pst beatment faulit;es. Recent esprierce mth
tion, fernale breast cecer la trduced prirunty try espwrept,ents tasted wMe in led emic remission sus;ents thatdurma the early reptdudive pried, ard lung urwer Aes not

swh f aubts: are even ku frequent.Th.is it appats that ewcessM management of the bemato.%ble w&r gxdappeer to t.e trocesed in rrain eig+cd while ur&r 33 yearsi

c4 age. Aho, the indudion of cancer in the fetus lAstedly
<

kre fwm ci acute nataben Injury b einsted, uhmated reughly as So fatal cases prt milbon prthrspin cuc.muxes. WafJ ard Watwo L.e suutwd
that uth-e su;pme t:o tunt can rabe the LD, to cror '00 I

rad nr yrat for the f.r:1 decade,The duration d the priod at rbk aho uries with dinerent
r

sah as icne carrm,trans hntstion,
ads ud f.iru thrapy,Jou'Jy ng+ed trJMdad"s Gendy,

r
tiein Th rnean inter al t.etween eyesure and leukemta l

I

derefornent h ateut ten yes.5, for narnple, widress theb ocr )W rads '.i asd

swh pape c e,eimism we M w sa ly to the hrge.soleppdation esp 1ure sHuaren sah as ucuned nr. lbmhlra
W

uNr mafognai.cles trrd(Ally 8 Pre 8f in an "F+ed pphtson (
mth a mean of 15 yem of laterxy. In a FplaHon emure,

arid Naguakt, furtNrrrore, eren d.a t est rbraal marage.rnent has rd yet suunded in elbt>,3 the sumval d tho+ethe eather appearing leubrnia smay sern u to troutor for
-

f|
the enntual tual et a!! f atal mal.graren, wbkh uftemtelyfew Indiv; duals who acodentally have ruehed og4ures (

resuhirg in rralor gutromtestfrul or untral terwus sys- nuy occur in four to sla timn as trarry indmdals as Jeveh!

tem-<at6:nascabr 6,ruge. The outlook for scod enovery c yd le uk emia.
The pregnos!s (c,e the various debyed efferts of rad at ontcul Radiation injury.

eigsure is almilar to that of the ume pthology in Owfrom kical ra tenon inNry deper.ds in pri on the adupacy r4 wre. For this reason many cd the rademarugemert d the a<ve changes, tr<lW as the tr~ eval cfebence of swh es
abon.mdmed s tr.cers would te espeed to respnd to treat-The ICRP therefere derived traumum nd utes fordevatalued msue and tN pevennon of suondary alestien,

flowent, the main deerrneant c4 the u!ntwe cwre m!!
f atahhes from radiation.mduced tanars in dnundeg crderment

be the unnry d injury to the unJettymg thd vurelsThe Lh elihaed of a radahon-eig+ed of ruk. mth approumste numbers of fatal ows per rmlhon60).Delayvd [#eds.
teF+ed per ud in prenthetes, they are female t reastleukema 901, lurg 40), thyreid p). tone p) and au etherindMdul's doefepng a ble eHed of the eigsure u m.

cened m scme rebhon to the rnagmtude of the esposure
5.nce mest raWahon opware 4!cvr the ratwal t9d grewidorgans tegetker FoiSince the foregoing dn<vnion hn iniuteda due to heran soiets and therefore presumably contreUa. 0 speohc rnethods of restrurg the seurse ofPre vention.
ble, baeaug resent cFert N : !cen gher to qunreann ndthat (Nre are r

events initiated ty radat;pn eqcsvre. D e t est rnessureassenment for radishon orcirmger:cus to hab!ste t.ener
spinst radahon tmury b prevenhen The largest rstabel1.ene6t.mk judgmenta in 1977, toth the Urated Nat ens
wurce cf redaten opnure to the general Frubhon is thekienuhc Ccmmittee or die l#cas of Aiemic blatmn (UN-nudear < -apon it a LNrefore enental that au musures teSR8 R) and the Intenanorul Cc.mtrioion on b6ohtcaltden te trarnmut the resulahry c4 sey human repu!ahon

,

Pmtectors (1CRP) revierred burnan erdemic!qp< data and
L

recemn6 such an espwure apm Aruher potennal wurce of
pbbhed rak approsirmhons fcr raishenor-3sted caverlased on human epidem,elopt data. In 19N. the NancNI prubhon espsure, the mdespread and meieasing utau.er genera.
Audemy c4 Stierwes Commerice on the Pickgaal(ffeds of hon of nuclear energy as a rounce of eleone p>Despite the

tion. has teen controurd suutu'ully thus hr.bdahora (Pl!R) pbbshed a trvbkm of its umtbr

great amount of anucty cwited try the 1979 acodent at thehres MJe litard twdear pwer plant m Pennsylvuus, die
lor,innt

Ahhough the mk estirnates canat be deterrnined mtheffort c4 leIL

girat auvury, at h onuble, in acme instances in which resu! tant pbbe redubon oposure wu wru telow any ho-
mutelly consstent sphmiolega data art obtairutte froenlove detedion limit. are mnsats c/
eenral dJferent swrcn, to estut. ate the onrall red'abon. The httnt arrul source c4 popabtxm n use of ieru. tag

t.sers ol :adat on in the heshrg arts ! -ruhted aacer ruk w to cbnity dJfertne buucs loto groups
radatam has produced unfold tenefit to the ume pphten.with dJferent deyces c/ Sensetnnty to irduction d anahgnan-

des try radation it is imp:rtant to rote that not cd tN Newsthelen, rt is innimtent cm the useis of med> cat radet on
sourves to mirumhe the exp;sures needed to okain tN rces-infccr.abon la d< rind from SchuJ eipsurn d 100 nds or

more of a or sw.ma nadatko it high dose ratn, ard then ury diagnostk infernutiers This nquim su cnty cye.imalourent inhr6 ques but
extupohted to nysures of a low rads or ku dehnred at escrat>on d exhtmg equipcnent eHoet to impron
very km dc+e rates, such a* recched try tk xtuptkirally afao a umtinuirg rescanh and denreduction c4 e po-

op ed ra,dution robe pc,pubtiott Thus, thew risk no-mates are greatly influenced try the ntrapohtko model used.the efkiency c4 such equipenent to
sure wfule oMatnirt the runsary 6.omed,ul informatert

Tor eumr4e, the thange from a linen model (1972 BUR Adequate spechltred e<f ucation of all users of radiationve$on
sourcts in the philosophy and methods d sadstionestimates) to a lit ear-quadratic model considered more appro.

yhte (!HO BEIR esturates) lowered the retituted range of is another fador in the prvet tive appoach to r abon in-
ridatkwrelated catxtr deatha ge million persons per rad (inlury.
eicros d the normdy npected itA.0C0 cancer deaths from
all cames) from . tout 117 to 621, to 77 to 2a The latter M 'gg $1, %s,

wgg
r'%e agrees weu with that c4 the 1977 UNXIAR report.e appumca a trantion a ,aunon u~er in /c_. a ,.i.._,,.

_
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Universityof Pittsburgh

woaAtc ses<xx or pum.c wents
De wM of Re64 hon Hesse
O'!ee of the Cr.aarma

November 23, 1983

Ms. Jenny N. Johansen
Radiation Specialist
U.S. Nuclear Regulatory

Comission Region !
631 Park Avenue
King of Prussia, PA 19405

Dear Ms. Johansen:

In accordance with your recent request. I have revicwed your draf t
rtport f 030 03053/83 01 and its appendices. On the basis of the
data provided in the report there is no convincing evidence thatthis individual's iltress and death could be ascribed to the rLai-
festattor.s of the acute radiation syndrwe elicited by an acute

300 600 rads.wnole body radiation esposure of

Sincera1y yours,

Niel Wald. M.D.
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