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November 23, 1283

Mg, Jenny M. Johansen

cadiation Specialist

U.S. Nuclear Regulatory
Commission Region |

631 Park Avenue

king of Prussia, PA 19406

Dear Ms. Johansen:

In accordance with your recent request, 1 have reviewed your draft
report 4030-03053/83-01 and {ts appendices., On the basis of the
data provided in the report there is no convincing evidence that
this individual's {11ness and death could be ascribed to the mani-

festations of the acute radiation syndrome elicited by an acute
whole body radiation exposure of 200-600 rads.

Sincerely yours,
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520. RADIATION INJURY
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10 RADLATION INJURY Py

rediation pyrdrome which typically followa whole body ndic
amnw.mlmumm\hw veth brde o o
syviemic wanfestations alter parial y trposure; ond

owih and developmentsl dismurtarces sher exporue of e
crus The clinkal effects of interyr ittent or cofstant bow bevel
aC G HOn P PORWE BNy Present & choonk rcgmum impalss
mant of ceraln Haroes o o sobely as the rlatively
late appearance of one of of the Jang term seguelae of
radation e porure, puch a8 cancer and fedherria n addivion,
any e ponae of the gonads iay produce gern orll changes of
muiations with sequelae in nt urﬂllru‘cny

Tiroe (pjwy may be produced by co wlas witer sctions with
radanons of myJ-on of the thectomagretic dpectnam, inchud.
g U output of the nan Lsers, Of tUCTOwave Bquiprient
tome of these, Buch 40 1.1ayS, QAUTa 1279, e neiTons, are
capable of penetration, and an produce intermal tissue dam-
sge Onther ndations, such o alpha rayy and low energy bets
tays, have o very Umited range in tasue and are injuriow only
chen given off within the body by ixorporsied radicective
whopes The radiations rmitied by loniting fadathon sources
e guantiated in roentgens (R) of expesore, whereas v
radation eneigy ahsorbed by tissues B Q. riiated 0 rads
The sarme absorbed dose delivered 0 @i Merent tates wall
produce very dlfferent effecs

e oer. Typical redabion injury B coused by exposure

1o teniting radiations Since the recoghition of man made
Cadation by Rotatgen in 1098 and of natural radioactivity by
Necyuerel the following yrar, o cupational and medica! expo-

sures have been Lhe most (OMIMOn JOurTes of radation thjury
although the use of nuclesr wrapons I Workd War [l pro-
duced 8 major addition in dlinical cases iniury from external
sources aeowted among the cathy noray worhen, the employ-
ees of (he pucicat weapons project and subsequent nuciear
erergy research and industria! organaations In additior, un
aveicable inury Ao been produced in some radiation theraoy
patienty (hrough exposure of normal tissues adicent to the
lesion under 1reatment

interral radionuilide eaposure resulied i njury 1o €00 'Qy-
cer of the radiam watch disl painting industry i the 1520
More recently, fallowt from pucieat weapon tests hat pro-
duced some wiernal radionuchide deposioon \n the gereral

e 1n the medical patent population, the vies of radium

58 & Wherapeutic agent and thonum o4 & duagnostic x-ray
contrast mediam have resulted in clirucal sequelse decadesy
atter administration Alse, there have been instances of dag
nostic and therapeutic radicisatope misad mirustrahon produc
ing scute injury and occavionally causing desth

e oancE A0 PrevaLINGE  The hrequency with which
radiation Whiwy oceurs 18 closely related to the avalability of
sources for nadation exposure and the unds rtanding and care
with which they are malntined and used The largest poten-
tal source of radiation casualties is the mulilary use of nuclear
wvapens The jount Commusion for the tnvestigation of the
fMects of the Atomic Bomb in Japan esturated the Incidence
of 1adation tnjury in Hiroshima 1o be about 40 per cent and
Pagasaki abost 80 per cent in the injured survivers In Huo
shurma abcut 30 per cent of the deaths in those whe s ved
Jorger than one day were axcribed 10 radiation injury enher
slore o (ombined with blast and/or bum damage ln the
survivor iudy ton of 82,244, 184 cases of leukema
developed betwren 1930 and 1974 b is probuble that modern
nuckear weapon effects would exceed these results bn nuchear
wrapon tests, some 30 people Nave inadvertently been ex-
posed to Jocal high Jevels of radicactive fallowt, with resuiant
clinical manfesuations in abowt 13 per cent

farly peacetime wees of radwactivity kd to an nitial high
inadence of Wnjury Within seven yean of the demonstration
of n-ursdution by Roentgen in 1095, some 0 cases of sy
injury had been reported After recogrution of the hazard,
| internationally

.t
ke

Theie has been 8 marked reduction in

shhough hand Injuries sl excow occavionally in industral
1o ographen and usen of v tay analytw 'tmm

The disovery of naturs! ndisactivity by querel in 189
ed 1o the punification of radiun by the Cuves in 1911 o g
wse i medicine and industry Abow S0CO0 watch dual pavten,
ndustrial chemists, and owdical patients were invelved I
1500 of these, in whom medial informahion wis compled by
A M Broes ot Argonoe Nattonal Latorslory threugh 1978,
Wty were 408 maligrant humorn, walh the ercess over U
expected frequency Vivoiving bone and he alr cavities of e
head The development of man-made radicactive matenal
during and aler World War Il ted 1o 8 nuclear industry
population of severdl hundred thousand we herns, but only
188 cases of climical radanon injury had developed by 179
Although dea's collechion concerning medical misadministie:
nons of radicactive isotopes designed for dugnostic ard
Perapeutic pruiposes s not been Fystemanc, severa! deathy
and & number of injuries are known 10 have ocourred in the
wry Large American patient population, estimated ot over L]

million annually, fociiving these meterialy

crmewon00r.  The marafestations of scvte o of Late 1adic
stion sy are not produced solely by irradistion NN
fore esserstia! to wiilue epidemiologic methodology in order to
evtablis’ the relationship of ihe stiologic agent 1o the ¢lirical
rymptomatelogy. Two most helphul features have been the
temporal relationship of the ¢ posure 10 ihe development of
cincal efecty and 1he quantitative dose response Te dlion:
ship

The etiologic role of radaton in the lirvca! syndiome of
scule radiation injury has been shown in eprdermiologic yud
we of the Japanese slomic bomb gurviven. the Marshal Iy
nders and Japanc ¢ fishermen exposed to faliout from 8
pucleat weapon test several group of raduation thetapy po-
tents and the workery involved in vaniovs rdustnial 1aduation
ace dents Epdermiclogic studies relating ls ¢ radiation e¥ecty
vuch s necplastic diseases and life-shonening t© radathon
ervposure have dealt with radiclogists and other physicans
the liparese population under long term follow-wp by the
Atee Bomb Cosualty Commisnion and ity successor since
1978 the Radation [Hects Research Foundation, the tadium
walch dial painters, therapeutically v irradiated patienis (par-
veulatly those receiving thymic irtadahion in anhancyi pee
tienty recening redioactive ioding  erapy and nuclear indus
try e pioyees

patmooENESiS  The basic pathc'ogy begine with the inter.
sction of the radation with Lissue within the first second of
exposure The tadiation energy in photons of particiey pene-
trating the protoplasm may inlersct 8l the stomic leve! 10
produce 1on pairs These ions combine tadiochemically =ith
cell water, producing free radicals such as H and O, »huch
furthe: react to produce such forms #s HO; and HO; These
in b may interact with enncal molecules of the cell proto
plasm such as nucier scids o enrymes i the dose is hyh and
Ureractions are numerous, the cell may be billed duectly by
the radution At lower doses, the abdity of the cell to dinde
may be impaired permanently ot femporanly U the ONA o
involved. sublethal damage to thiy molecule may result in
reproduction of the alteration (i e mutation) in daughter and
descendant cells Diteet cell hilling beguns with exposures of
one or more thousands of rads, general. although soow cells
such a8 lymphooytes and speralogonad are aflected ot much
Jowe! doses Those cells whuch are rapidly dividing and differ-
entiating are most vulnerable Mitotic arrest ocoury after seve
eral hundreds of rads and 18 characterzed by cunthnuing
function of the existing cells but no new divisions The con-
tnuing synthess of protevs and engymies despuie En UTEVENY
ibly umpsired mitohic apparatus. Jeads to “gant cells” which
de aher severa! weeks because their excestive suze v crferes
with natntion and metabolism At doses of about 100 rads of
more. mitotic delay results from temporary s pairment of the
mutohe mechanism At sull lowet doses tansun! chuumoso
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".l “gockiness” B wen, jrevurably chused by denaturation
aol the DNA Nstore ol ey, Ao, beguning 81 exprAures
ot bow a8 8 fow teds, e hromonsorr stermations, Le, breaks,
de\etiore gape, e shnormal forms such s ring and dicentre
Chrumosm et

The efiecn of thew cellalar sbnorma' e dejend on the
rate of prolfenation of rew colls required In hagh tumowet
tiavwrs vuch af the blood forming tar and the gastrointest
nal tract, e relatioely short life span of U predominant celly
teads 10 rapnd deplevion belore the onset of mitotic recovery
and rew cell prodwction In the perind of miiotk hibition of
the blood - Torming tuswe, for example, the consegquent
pon of manare cells rrwalts I ncrvased probability of infec:
oo ard hemormhage. The revsdtan! pathologe manfestations
ait nur-.n?u\k. o".’hmt e WWammatory Changes Kcompe:
nylng Wdechon are dehcrent in gty orphonuciest cells

In Gssues which have Little of 1o continuoul proliferation,
yuch as the liver o braln, this type of radution injary s et
apparent, however, Punctional | menl may b detected by
approprale muans Ia very slow wnever Bives, ruch i the
leng of the vyt or the thyrold land, Ue me Jfestations of
st rediation «fech may reque monthy to yrars before
becomang evident Also, the ymall serioles damaged by Jocal
cadation niury may show & fompensatony inCrooe A well
production, fesding 1o endothelial thickening literal e
endaeritis, and pviensive fibrosis over d prolerged peried of
time

Chremesomal abnoers slities ;'--nd.n'ed i injured cells nay
L reproduced and perpetated for decades A long lived
component of the lymphoid cells may even carry the original
radation damage for many yean before dividing Clones of
cells wath the same specific duomoscme shnormality may
deve op over 3 period of yean & well

CLmCAL MANTERTATIONS Chinical mardlestations of radi-
stion \njury can be subd ivided into three ma o forms the
acute radiation gyndrome, scute local radiation injury, ane
delaved eHecs Batermal penetratng irraduation, s well @
external and nte—al rad onuclide contamination and lowa
traumatic injury with radionuchde contaminal on. My pro-
duce these ranifestations

Acvle Radlation Syndrome. This pyndrome (s seen Bpis
cally atier expesure of most of all of the body 10 exterral
scurces of penetraning WOnIng radiation, although high doses
of MP, W1 and Ay have 2l evohed it 1L appears in thiee
masor forms, 1n ascending seventy ol injury These are the
hemarclogic, the gastreintes ral and the central nervaus
sysier ~catdiovascular forms four discerruble clirucal stages
can be recograed These are the irutial or prodiomal stage
which submides into a Latent stage followed by & stage of
mandest of overt illness, and & recovery slage The duration of
€0 hoage inversely related (o the seventy of \njury

Typrcal mardlesanons of the Aemaiclogu form are seen aler
an evpoture in the midiethal range (abowt MO rads without
treatment). Prodromal anoreua, rauses. and pensibly vomits

way commence within several hours and generally sub-
w Al 4 hou Transient waves of shin erythema and

conjunctivitis may be observed over the same period ot
longet The patient may be asymptomatc after the prodromal
page for one o thoee weeks. Then the Lareanng inadequacy
of the body s deferoes against infection and hemorrhage be-
comes manifest, with development of fever, oropharyngesl
Jesions. sbscesses, petechiae, purpurs, and bleeding from
body orifices Other findungs ! salp pain and ¢nlation
i the third postexpovure week, and revurrent AnOTEOa and
rausts sccompanied by weakses, fa , weeight Joss, and
emacunon Gradul recovery mﬂ',“:;mmn‘ sbown the
4N to sinth week after exporure and posyibly requinng
pevers] months

The eathiest laborstory finding b tymphopenia, reaching
shuotute hymphocyte bevels below 1000 per cubic milameter
within the Arst 48 postexposure hown reticulocytes may

diappeat \n e same Hime period A gradus! lall in § o
Cyte counts tegine dur\r“w firgt two weeks, reaches & plo-
oy, Of Fver 4 on abortive rise, followed by b seey (]
1o 8 low point at abow X dayy posterposure. The plate et
count radit aorurs ot the same Rine sfter o more continvos
fall U the individua! swrvives, an sbrupt increase 10 ol the vl
Lnves mentioned encept the hyr phocyt es, will oot within the
next weth and the counts will randly reach normal levels An
bl inerease n granulocyte count in the frst 34 houn pay
vt on ihe bavs of & ronspecifc “alarm reaction” and
thonld not mislesd one 10 extlode radiation Wnjuwy on this
basis Blood blochemical analyses may show nomspecific inds
catars of major cell and Hivue damage vch @y crestinurs
increased encretion of DNA breakdown products such o
decrycyndine, beu sminoisobutyric scid, and vaniowa bt
amnine acidy Serum enryme values such 2 LDH, SGOT, and
GLPT may be tlevated, and an early transient slight hyperbs
Lrabinemis oteerved. Within 24 hours chomesome bevabage
and abnorma’ forms can be seen in periphers! blood cytoge
prtic prepatstions the Freguency being related 10 e magn:
tude of the tadiation expoture

The gostromiestinal form pisociated with anorecie ne s,
vorniting, o @ srrhes with o the first few houry sher eopes
sure These may be of sufficient seventy to require st
tre st nt but yraally subside within 68 hours A Wtent ol
follows which may last orh s fewdapptod weeh belo o there
is 3 wajor recurrence of all the gastrointestinal gympto e 68
well 8y those of infection and hemorthage # described love
These patients gererally die with & Nrmom';n‘ enterocolite
Lefore the bl appearance of epilation and other slower devels
oping Tl anon st lae

Laboratory abnormalities in the gastrointestinal form ol
raduation irjury are similar 1o (hose ol the hematologi form
but occut more promptly and with greatet magnitude In
sddition, the hematoxmt may be (ncreased a8 o result of hemo
concentration (aused by Buid loss, which, togethet with hype-
g veemia and clecirelyie imbalance, results from the loss of &
functional intestinal mucess hining

In the central areroms system and cardicrasiular lorm (mme:
diate pauses projectile vomiling and explosive darthes are
Saracienstic These may be accom penied by disonentstion
hyperesthesia staxie ‘wealing prostration, and shock There
ma be some IMPro:« Ment sher several hours. byt alterma:
thors develop between (87 1al mervous system hypeiesOla:
bility, including convulsions and ONS depression. such 88
sormnelence +d coma This sccompanied by hypotension
wi ch becomes irreversible, as does oliguri eading 1o fawl
oucome in 24 to 48 hours

Laboratory obsenat ons wn the cential nervous vystem and
cardiovascular form o acute radation njury show marked
telescoping of the previously described injury syndromes with
abnormalities ocourring soone! and with greater seventy
Complete lymphopenia and an it granulocyte bevel as
high as 40000 ovy be present withun the nest few houn
Prompt romosoine Cramination Méy show marked iicTeawe
in aberranons, but as Ve arculating lymphocyte: disappear, "
may become difficult 1o hnd dividing cells The Lo e mical
evidences of tssue damage are much more striking in the
form of the syndrome In addition, azctemia secondary ®©
hypotension becomes prominent

Loca! Radiation lnjury. Localiurd radation injury oy
oceut wath scute and/or chroni clinical mansfestations, de
pending on the total dose ard dose rate at which exposure
takes place

The tarly changes result in three majt iucal fndigy
erythema, epilation, and transepidermal injury [rythrma
comparable to 2 mild sunburn or 8 thermal bumn of the fust
degree May dppeal OO EXpOsure to more than 200 to X0 T
A transient first wave may be present within houry afe
LpOsUre sesocaated with hyperestheti, hmw‘ or Rdhung
The major tedness appears two of thiee weeks later, e



yieren dependig o e dose In the lower dose Tange MO
furier charges oxhet than Wnning may oot and medual
are @ ot necessary A counterpant 10 this reaction hat been
described 18 the conparxctive and W the antenion charm et ol
Uw rye, with infammatony changes obwerved promply aher

"W

[piation o o of halr, mey ocowr afer o posure o any
form of rediation beglrning with paposures 10 the abin ol
shont X0 rade W gererally does het become apparent until
U thiod weeh after erposwe Associated shin or salp et
deimest TNy SO o o PO days preceding e actusl hair
ous YW greater than abowi X0 reds, epilation N“k
comphere. Il e evponat mroach greater than &0 rads, haut

Ay ot :
{ ranwr ,mul injury (dry ot vt dermatithh) b compatable
1o 8 Swrmal second degree bin with erythema, blisering
a4 pain. Confluent bullar may develop (n about one and one
hall 1o thove withs, depending on the dose (urually evceeding
1000 rads) These may ruprure, leaving open, wee pirg Miions
vulrerable 10 infection
With highet dowes. frobably o0 the crder of 500 rady, o
more serous version of e e prdermal injury oceurs, in
whach e desion resembles 8 thurd degree burn Pain occury
poenpily and i Intenoe The raw sreas may be very slow in
waling of may not heal until surgeal ey tion and shin
graliing are petiormed Epilation b permanent
Sedl higher doses tay produce immediate tiioe darmage 10
steactures e low the shin Such injuries, which have o curred
i the abdominal wall male erndtalia, and ertremities, are
irreversible, requiring suigical Frcuion and further recon:
strative maragement
Delived LRects Delayed efects of radistion exprsure a7e
of two varieties those finally appesning in orgars whose celly
received the radution evpoture 4 4 are relatively slow an
responding and those lite eMpcts pecurning i organs and
nesues i whieh dewendent cells ultimately express the (el
radanon injuty aMer 3 latent pe od which may be many
vears i duration. The Arst e I delaved eect tan be seen
o the male gorad. for example Dioses a3 low a8 18 rady wall
produce impairment 18 tsrfility Oweng 10 moderate cligosjet:
g beginning sbout 30 davs aftet ihe exposure Azoospermid
wrll e with doses of more than 200 1o XX ads fot a peticd
of roughly onr 10 two yeans Doses of S0 10 00 rads may
produce permanent stenhfy 1o male o female survivors
The ers of the eye 1 another e reaponding fissue, with
opecihies appeanng 0 the postenas subcapsvler regror A0
months 1o seversl years alter exjosures of about 200 radi o
more Cotaracti of the posiencs lens may develop 0 1he
raority of patients who teceive more than 600 rads 1 T 4
verdism may gradually develop several yean alter expose of
seversl hundred tads Shin (hunges constitute another late
responae to either sovte injury o reyeoted low level radiation
rrposare. There may be loss of tw detailed finger-ridgs
petieen and hait, abnormalities of the Angernails and dryness
of the suin Locatiand hype heratosis way be seen, 4y well oy
breahdown of previously healed bt atrophic shin, and, Wt
mately, stic shin changes may develop in such aress
In the feins the dinical manifestations will depend largely
wbmm‘hmmmdodn;mm I *he exposure
uknﬂ-nhhfumhmmh. resorption of the
mwx‘\: % protable Between e second and sinth weeks,
the will be on the parhicular orgare under development
o the time Further along (n gestabon, there wiill be more
putele gereralised effects whtimately evpressed as deficts in
grovah and development, including sucrocephaly and mental
retardation
The most comman late eflech of nadiation eiposure are
aropdashe diseases The earliest to appedr are the scute euke
mias and chronk granulocytic with & peak ino
derce abowt eght to thirteen yean sher the radiation exspo-
sure Ohvonic hymphooytic leuhemia 1 not increased by
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radiation eeposure Othet neoplasms whose {rdwction ap-
pean wgrifcantly increased by radiation esposure wnclude
carcet of the thyrold and salivary glands, hung bore, ard
fermale breast Mt Internally dejunited radionulides have
been awmoxialed pamru\m( with malignant neoplasrms ol
bore and reticdorndathelial thaues such o liver, spleen. and
tymph nodes Radium deponon Ay nvolved the manod
bones and those surrounding the paranassl pinuses i pu e
Lar, whereas internally sdministered thonum dicude has pro-
doced an increes of hemangiomriomas o the liver In addic
Hom, 8 geretslued havase incsdence of all forme of cancet
bas been gocume nted 1 the Jipanese stomi bomb survivors
Shortrming of Il expeciancy through somewhat earlet death
from all causes hay been demonsirated in the ndiologt
population but Aot yel i the Japanese A-bomb sarvivens

pagwoss  Acvie Radistion Syndrome. The marufests
tiany of scvie Tadiation injury are not wuque 1o thy causstine
agent Therefore the dugnosy resis on the hisiery and the
evolving ¢linical pattern d¢ fired by hme of onset and durstion
of the clinizal signs, symploms. and labotatory sbnormalities,
particularly the matologic charges

In the sbsence of an adequa'e history of radiatom pprsvre,
the dagnoais may be dlusive The various manilestalions may
suggeet 0 wide range of condions Prodiomes sggey! Py
onturon s, food poisoning of gestrointeatinal viral infection
§ymptoms in (he penod of manitest Ulness mMay mimic 550
b anemi Jeyhemia, infection gastroenientis, ryphoid (oo
and even mumps (for 1adtion parctitis) When o radiation
erporure history i elicited, hematologie and oytogenetic e
arrinations may be used & well oy physical dosmetry data
obtained by ptru.mnol monitonng equipment if any. and by
reconstruchion of the expoture situation, in order to obian
confirmatory and quantitative information concertung the po
tertial seventy of the inury Howeve!, the evohang chimcal
partern i the final dugnostic critenen fof the recogrition ard
maragement of this form ol inury

Lixal Injury. Lecal raduation inury partioulariy a0t ap
sedrs on the Upper extremities. 18 often cordused with thermal
ind chermical burns Differentiating features are avsence of
waves of erythema in the latter a3 well a3 the more severe
prolonged pain and slower healing assocrated wath radation
Recorrent ssue breahdown alte! healing 18 also suggestive of
Fad S LOn IRNTY 8 opposed to the other possibilities

Delayed EHests, B0 climcal charactenstics of the late ¢l
fects of 1adianon evposure sre unique 1o this ehwwlogie agent

fadionuelide Contamination Radionutlides deporiied
on the sutface of the shin may be absorbed nhaled o
ingested into the body whete they may st te pre<doce delsed
eNects In Grder to prevent such sequelae. the recogmibicd of
(ieit presence is essential even . agh e immedale chircal
eatilesiations are present Such dugnostic prisvdures mutt
involve close collaboration between the physic.on and the
heaith physicst, the professional trained 1o tecognue and
guantitate 1adiation exposure in order 1o prevert deletenous
efects of raduation Radicactimty surveys of the susjeited
individual with appropriate radiation detection equipment
should be carmed out. It is most important 1o culkect 2l une
rary and fecal excretions in separale containers unt] sufficent
data of the rature and magnitude of contamiratan are ob
wined Some radionuclides such as sdon may be sought
bresth samples. An early postexposure bload samphe *]
also be collected and pres rved for radionuchde analves
Fually. it may be mecessary to cary ot chest o whole body
low. kevel radation countg in an appropoate bacility, 1¢. 8
so-calied “whole body counter ™

U & trawmatic wound 8 present, radionux lade contaminaton
may be sought by essunng radhosctivity of swabs wsed W0
Ceaning the wound 3 well a3 by surveying over the surface
with appropriate detecton If the i it sole conlami
rated sres, trcreta w mphes will show whether the contamis
nant has been absort +d into the body ard therefore B sl




¢ an
by sotuble for chroulation ard traralocation o sftes remote
e crurd

intarsmwt. Acvie Radistion Syrdroma  The breatimendt
dmn‘ummmbhndlwmudtrﬂfxwd
By pethophysiolgy romal symplocne 0 soute
Mru—\ pyrdrome are sell Lited, bt sedatives and anth
muyhudummm‘)wnmdmmnu
hyw‘ﬂbmmxmhim&tpm indormed
sbout Bw ratwt of Ni injury, te v pected trareent heakth
npebment, ad iy wttcpared duration and treatoent. The

otd e diwn ssocuted with this ryrdrome even dur-

corvalescirnt Iy B 0 some mearure secondary fo the

protorged ansiety and fear of Ve wndnown often asscxiated
with radlation njury,

I the Aemaialegi form, the indubition of mitosls resporsible
for the overt Ulnem o self-Umited. Thus maragement is d-
rected toven-d malmenance of the patient through the period
in which 00 delenses agelnet infection and hemorrhage ore
Sehcterd 105 b best sctieved by conservative nwans. The
et of ex perous bacterial and vral nfectin s rgduwed by
gt reverse wolation of the pooent with malnlerarce of »
¢l an ervironarent by we of 8 L nat alt Aow or “Ufe nland”
ethods Atendant penons el must be sreened for potential
pethogers and treated prop! ylactically (f necessary

Prophylactic oral antmicrobial drugs 1o cear pathogenic
bacterial and hurgal organlims frem the gastrointentinal tract
have been used when the total granvlooyte bevel falls below
1000 pet cublke millimeter. Vanc s blood eleenents may be

ven 1o replace deficiencies wher needed Donors should be

mited i numbet and tissue typed to minimize syvlemi
reactiong 10 and ineficacy of trarshused cells Red celly are
needed only U significant Uleeding has occurred Fresh plate
Lets showld e available for use U wignificant hemarrhage
develops The!t use hay been adv cated even in the absence of
bleeding when the plateler count fally below 10,000 per cubi
millimeter 1f available in conceritrated form, normal granulo
cytes tray be administered 0 the face of overt infection
dunng the gandocytopenic phase I ne available, in the
presence of 8 clearl; We Queatening infection the use of the
much greater numbers of granviocyles of patients with
Guonk granulooytic leukomia has been suggested because
they are caputie of pragocytosis On recovery, it is spsurmned
that the patient's immune sysiem will rid the body of such
donar cells

In the situation in which bat) biologic and dovirretric ind
cators suggest the high probebility of a faral outcome. bone
partow Barspanation may be wartanted The tansplanta.
von procedures developed by Thomas o al for maragng
beukemic patients ahter therapeutic whole body irtadiation are
roml}y he!phul in acoidents! radiation injury patients alse

ecent improved results wath leukeric petients treated
remission 4nd i the use of welated donors may increase the
spplicabality of 0::'??“»4&. in high raduation exposure cases
Becaume tranapla rarrow requires about two weeks
coneet the defot In circuleting blood cells, such 8 decision
should not be delayed much bayond the first postexposure

Maragerent of the gushoiniestinal form of acute radanion
Wrunhunub«nmmmmluhunhwhum
oo enees. Animal studies by Bond and Croekite suggest
that the vigorous and earty vtluation of adequate anti-infec
ton agents, blood components. nutrients, OI\KWMN and
Puid way infuence montality favorably.

In the few human instarces of the central wervees ips-
hem-cardiovascalar form the progressive hypotension has not
mwwwmeamawm.w
the Mad administration Livolved has augmented the conges-
thow heart allure which has ensued.

Leead Radistion lnjury, The treatiient  local ndution
njury B sirnilar o that of therma, uira of the saow
ey, echudes the aintenance of ssepsis, eventual

XL TOYXK RLSPONSLS TO CHLMICAL AND PHYSCAL AGINTS

removel of devitaliund tieue 10 the degree necrisary, wnd the
use of $hin grating W cover nonhealing ukcerations An adds-
Hora! featay I mansgement i vrry carehd and
observation for pose e tarty neoplasty changrs of the :

Delayed Efectn  Clinical management of the deliyed of.
fects of radiation e posure does hat dfer (n any way hroe the
management of similar pethologhe conditions not med by
radiation

Padionwdide Contamination  1n the evert of an sccidend
1 which radionuctide contaminetion s Lkely, only urgent fust
sid shovid be green and the petient evacusted froom the mte.
Contaminated shin and wounds should be washed promgly,
and ol evcrets coliected

Usehl preparatons for shin decontamination i lode soup
and water, sugical and Lundry detergents, and oxiduing
agerts. Thew J:wld e sccompanied by brushing and rine-
Irt with care tahen not 1o sbrade the skin

crtamination of the eyes, nose, and mouth b treated

initially with copous water washing a3 06N 8 tible
Latons brrigants may be substituted a3 soon o avallible

For defnitive wound care, the usual surgical princ sles
epply, with modifications only In the aseptx procedures and
debrdement in order 10 avend intreduction of shin contaming.
Hon into the wound Prior to surgical treatment i may slso b
desitable 1o glve intravenous ?wlh lenetramine pentaacetic
scid (DTPA) o chelating agent available from the US. De.
partment of Energy for investigational use, to minimue the
retention of any contaminant which may get into cireulaton
during surgery

I radicact vty measurements of excrets and of the whole
body suggest o residual body burden of & larger quant than
seerrs acceptable on the basis of medical and health phynics
judgrment, vanous treatments may be used to mirimue the
absorption and enhance the excretion of the radionuchide

To m imuae respiratoy absorption, the use of irmitants,
expeciorants and pulmorary vage is undet current investi-
t:‘.on Inbalation of DTPA aerosol mist is also currently

Ag tested for tansuranic sotope contamination

To minimuze gastrointestinal absorption, the simplest mea-
sure 18 10 accelerate encretion with 3 mild lasative For stron-
tum 90 sodium alginate and aluminum hydronide gt) have
been used crally to prevent uptake from the gut For cesium:
157 Prussian blue (ferne ferrocyanide) does the wame Te
promaote excretion of puchides already withie the body and to
reduce deposinon o targel organs, such as bone, & vaniety of
agents are avalable For plutonium, amencum, ynum. Lan.
thanum and fission products. intravenously admrustered che.
lating agents are usebul DTPA being the most effective Tor
strontium, the combination of high calcium intake and aaidih-
cation of the blood with ammoryum chlonide has eHecuvely
reduced bone absorption

In the event of potential contamination of the public by
deposition of radionwuclides from nuclear industrial of weap-
ons scodents. ameborative measwes may schieve & reducton
of radation o posure and health impairment. The smplest 8
to stay Indoors 0 the banlding area most shielded from the
outside, usually the basement, and to mirumize outside alr
exchange, as well as intake of alexposed food and water.
Temporary evacuation from the affected geographi area may
be apyropriate, especially when preplanned aid in the hght of
Lfcrmation canverning the rature, location, and direction ol
wravel of the radicectivity. U radiolodine, 8 coemon -
product, i present, reduton of tiyrod uptahe has
recomenended for considerstion when the anticipaied
thyrosd abicted dose exceeds 10 rads. This can be accom
plisted by sdminstration of potassium jodide, 130
(88 g $or thase under one year of age). ‘
gercy period. probably no lorger than ten deys
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Acwie Radiation Syndrame, The estimated
short tem adubon exporure which wondd be kedhal for 30
per cent of an untreated human population in 80 days (LDww



------

1 RADIATION INJLRY 120

s 2t 30 rads mean gudlion sbeorbed dowe This exposury  variows taiues estimoted by UNSCTAR can be yummaried i
wonid e erpected 0 prodace e hematologi form of the  lermd of the numbar of casey evprcted per million persond 80
scute redution syndroow, ernth hall the exposed population erposed pet 1d of sinorted tadation expoIure In descend:
dying within 0 days However, an sccidenully imsduied  ing order of sergitivity, with the appronimate poamber of cased
worker wi ved an petizrated 00 rads atworbed whole budy et prillion per rad :;nn in parentheses foliowing cach titsue,
dose, with e peatrner, bchud [sorgerwc At ch‘:]udc thyreid (100, fernzle breast (100), lurg (38 1o LO%
row hardpaniation, vy Wald, Thomas, & coworbery, de-  levhamia (20 10 80), somach, Uvet, large Wlevtine, brain, ond
o pevert enough 1 hecersitt bt quent  salivary glands (19 10 18), and bore, csoptages, small intes
smpvastion of all four extemines Also, Thomas o sl and  tine, winary bladder, pancreas, rectum, lym e ARt
cihers have waed pre- and postexpont trestawnt, ixloding  ucoss of cranial sinuses (3 to 8). Thest estimatey are wery
Bogenei nastow, In v 100 sovtely Ll Jeukemic petients brosd genersluations, and for each tiavue there wre dfering
receivieg 1060 reds of whote body erporurt with shout 20 pet  affects of ruch facton as wex and q‘;: exposure, 0 addition
cant sarly post-uvatownt fatalites Recenl gepernene with o the bind of radiation, dove, ard rate. Tor enample, the
patunts ueatrd while tn deul e remission suggests thet ped utric popralation is More sensitive o thyrold carcet e
puch [atalitey e even ko frequent Hon female breast carcer induced primanly by erposart
Thas I appran that mecenshil ranageaent of the hemate: during the eatly reproductive peniod, and lung ance dows ot
logi form of acute radistion \njury 18 possible wder good  appeat to be increased \n males enponed while undet 33 yean
therapeutic CUs THLATN TS Yald and YWateon ha e i“t‘"d‘ of gt Alse, the indution of carver In e fehas y‘"lm'y
thal sctive suppoctive Guatineni Can TLGE the LDy to ovet 300 clevated, estimated roughly a8 80 fatal cases prt willion pet
-ads wid herow therapy, vah M Lot martiv tandplantanion, rad per yeat for e frnt decade.
b over 1000 rads A sccide Waliy expoved Lndividuals Cearty. The duration of the period at rish alio varies with diferent
pach proghodtit i wmrd not apply 10 the lige-saie  Heue The mear interval bebween coporure and leuhamia
jopiltion o peaurt situation guch an ocowrred in Miroshima  development i sbowt ten yeas, for ample, whareis e
wd Nagrsaht, Furderonon, #eti e best unical manage: oihet malignancies typically appeet in an euposed population
et has hot succeeted I tllowlng the surave of those wath & mean of 38 years of lalency In & population evpewe,
few individuals who pcodentally Nave recelved tuposures  the eatiier sppearing leubemia ewy serve 88 o0 indicator for
reaulting i ot stiointestingl of central nervous Fyv the eventual total o ol faral malighamies, which winmately
tem -catdion ascular Ga MAge pray oot in four fo st LT &8 ANy indinduals B vl
Locs) Radlation Injery. The outlook for good recovery oped leukemia
from ocal radistion injary deperdds in part on the sdequicy o e prognosis for the variow delayed efects of radiation
managemeni o the acse changes, bl g the cemoval of  evposute is similar Vo (hat of the same pathel i the
devitaliaed (ssue and the prevenbon of secondary Jection absence of such exposure For this reason many of the radi
Mowever, the main determuant of the ultimate ou' o™ wiil  ation indoced o rcery would be enpucied 10 respond 1o Pt
be the seventy of injury to the undetlying blued v et ment The ICRP thetelore derived maximum sk rates for
Delayed Efects. The lhelhoed of o radiation-gaposed faralities from radiation nduced cancers In descanding erdet
individusl's developing 4 te eHea of e exposure b o of ruk wath approvimale prumbers of fatal cawes pet million
eased 1 scme Telation to L magritude of the pypotwre grposed pet 1ad in parentheses, they are female breast (80)
Act mest 1an ation o poare above the ratural backgrouwnd lewkermia (20}, lung (20), thyroid (3). bone (8) and all othet
i3 Que 1o human ataiavities and U efore presumably controlia-  organg togrines (50)
ble increasing recent cffort As Leen giver to Guantianve rsk revention.  Since the foregoing discusson has indicated
sisesament for radiation catcinogenesis 10 faciliate better  that there are 10 specific methods of reverting the tourse of
beneht-risk judgments In 1977, both the United Sations  events initiated by radiat on eeposure the besl messure
Scientific Commitiee or the £ Hects of Atomic Radiation (UN-  ageinst radiation NNy js prevenhon The latgest polential
SCLAR] and the lnternationa! Comnision on Radioleg cal  sowce of radution epoaure to the geners population i the

Protection (JURF) reviered hurman epdemiclogie data and  nuciear Torapen It iy Dherefore essential that all measures be
wbluhed rsk epprovimations for tadanon-induced cancet taken (o runimue the possiblity of ary human population
{uwd on human epderiologic data. In 1980, the Nanonal  receiving such ar exposure agan Another potential source of

Academy of Sciences Commutiee on the Biologica!l [Hects of population erposure, the wadespread and increasing wnliaa
lorusng Re ations (BLIR) published 8 revision ol its mmilar  hon of nuclear energy as & tow e of electnic powel genets:
offort of 31971 tian, has been controlled successhully thus far Despiir the
Although the risk estimates carviot be determined with real amowunt of anxiety evohed by the 1979 accident ! the
great acovnacy, o is posuible, bn ome instances in which  Thres Mie lslard pruclear power phant 10 Pernylvania, the
utaslly consistent apdemiolog data are obtainable fFrom resultant public radution exposure was well below any bio-
severs) dfferent sonces, W© esturate the overall radation: ke detection Limi

related cancer rish of to assidy different tissues olo grovp largest atual souree of populstion ExposWe COnssT o
with different deg ees of seratinity 10 induction of malgnan-  wsen of redution i Ue u.f:‘ s we of onuung
ces by ndation Rt i important to note that most of the radsation hay produced untold benefit 10 the same population
information is derived brom sctual exposures of 100 vads or Meverihe e, #t s ncumbent on the users of medical radation
more of 1 of ganung radation ol dose 1ates, and then m\ﬂlomwmﬁcﬂmnmﬂnmeumw

cnuc:mﬂ to erposures of 8 few rads of koo delivered ot sary dlagnostic information. This requires not only optinal
very donanva%methy bandm:snpum cwrent techniques bt
exposed radiation worket populstion. Thus, tese rish esd- ' mnﬂu? research and deve effont to unprove
mates are greatly by the extra efficency of such equipmend 10 reduction of expo-

polation .
For exampie, the change from s lnear model (1972 BLIR  sure while obuining the necesary promedical informanon
estimates) 1o 8 linear-quadratx model considered mone sppro- Adeguate specalized education of all users of radiation
prate (19860 BEIR estinates) lowered the estimated range of  soamces in the philosophy and methods of ndumnﬁiawn
radistion- related cancer deaths pet million persons per rad (in is ancther factor in the preventive approach t©
evoess of the normally rxpected 164,000 cancer deaths from  jury.
all caimes) from sbowt 117 to 421, to 77 o 238 The latter

agrees W ld“lmumnrtwﬂ b(mmcmmwnpn oc,w
m approaimate risk of induction of radistion cancer W0 m%:mm- ':..‘.‘:.";."""‘..-o'.'."... w——y phaimn

o ————




Ui

v

e

XX TOWC RLSFONSLL 10 CHIMBCAL AND PHTSIC AL AGINTS

wmwm “

M M
m M“ i
. .uwmmw
et

m

-~

!
E
B ‘_
15
i
1y

=1 33 121 A3 B4TEL ARN 1R AEE O
ot AR B
. MR RAR I

www Mw w mumwmm mwmmwwmwmuwM

\:_.
L_b mmmmw

*E._ Rl L%

b-n‘m.

g
fee e e

w b gy

et m S
mq. Axw ” —“ uz.mw .Mw

17 Carven

- pha ahen
U

CO O R o d M
tow srourwon N Lag | W
e e L

w wrinl
w
Wl v

5 bowm mariew

Waid % Meduel M

#04 Boci hnew

e s L il AL

e A“IDW?‘:
- e ‘~ 8 managrevn o

. "
e

wocnon Yo
P L L i
e wod fpere o

o Radaner Aoy
wemers wvd B
o Do

rulaten ey

prrw e

s §
prownnd .

L

o Labar

CRC Prew

provanar!

)
* Cargrom
fomnsam o

TR
BN
R

Poeed
w o
o

e B

o grog b relaner waun 10

L PR

et Pomoan Apene et
hiteps s 8

o hure

m watgnie
P TR

e LTty

P

e

_
|
m
“




University of Pittsburgh

FRADUATE HCHOOL OF PUK W0 MEALTH
Ca wiment of Redighon et
Oft.on of the Chaul meA

Noyesber 23, 1983

Ks. Jenny M. Johansen

nadiation Speclalist

0.5, Nuclear Regulstory
Comnrisstion Region 1

631 Park Avenue

King of Prussia, PA 19406

Near Mg, Johanien:

in accordance with your recent request, | have reviowed your draft
report #030-03053/83-01 and 1ts appendices. On the basis of the
data provided in the report there 1§ no convincing evidence that
this individual's {11ness and death could be sscribed to the minte
festations of the acute radfation syndrome elicited by an acuvte
wno'e body raglation exposure of J00-600 rads.

Sinceraly yours,

Wik THAE

Yok T

Niel ¥old, M.0.

NW/reg
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