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ABSTRACT 

Absorbed dose i) is sho:..on to be ~ con()osi te variable, tht! :;rodu..:t ,J: 

tht= fraction of cells hit (I~) aod t:-te r:ean ""cos1.:" (.-:it s~::t:!) z t-.~ :::ose 

ci::lls. Dis suir::.:1ble for use ·..iith t1l,::h lt!'J"'l \::LC:) t:J i::.;~i..lt1•Jn u~.: lt.5 

resulting acute or5<in t!fEects bec:.£USt!, sinCt:! : .. i"' 1.·), D 'l;>iJr-:>xl!n.ltd 

closely enou3h the ;:1e<:rn eneri_;y Ut:![lSity 1u tht! c:!.l as we::.l .1s in t.."',,: 

organ. Howi:over, '-11th lo:.i-level exposure (LLE) to r.:i.diation dna its 

delivery of energy to cells results in a wide oistriuuticn or hit s:..:es =~ -and the expected nean value, z, is cunstant wit.ti exposure. Thus, ·.;ith -:....:...=., 

only IH varies with D so that the apparent pro;:ortionalitf b-:!t:..Jeen ·Jost:­

:lnd ttie fr:,tCtion of cells transforn1ed 13 ::iislea'11ng. Tn1;; ;iroporti:nal:.::_• 

therefore does not mt?an that any (cell) aose, ::::> matter !':c<.1 S•o:.311,.-.:..t.r. 

bt:! le tha 1. _ Ra the r, it means tha ::.~ in tht expos'Jre ot a ;:o;iu lat ion ;;: 

individual oq~anisr,s consisting of the cot1stit:.ent rel.:v:;:::t cells, :.."l-::re !.s 

;i small probabllity of part1Clt!-Ct!ll intecactio::.s '-':-i!.c.h ::=.in.;:'.er en::3y. 

The probability of a cell transforming and ini t!a ting a cancer can :nly :~ 

great~r than zero if t..'ie hit size ("dos.: of e:ier~y") to t:-.ie cell ts ~ar~-::: 

enou~h. Other•:..oise stated, if the "dose" is cte.:inea at t!:e: ?ro~er ::.~·:t::l :.: 

bioloefcal organi~atlon, naraely, t~e cell a~d ::.ot tht! or~~n, 0~ly J :ar~~ 

:evelop a drastically :ii:ftrent ap;:iroach to e•:J.:.uation o:: :is~ fro-. :.L:... 

that holds promist! of obviating any requirement f0r the ca~ponents :t c~~ 

pn~sent syst.::n: absorbed organ dose, LET, a s~.•dai::a racLstion, Rl::::., .-) , 

dose equivalent and rem. 
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I:\TRUCLlCTIUN 

Radi.3ti::m is o::c of the f'=w, lf n_,t tr.e only -i;~en: <J: .::::.e:.-e3t :-: ::.r.~ 

health sctences that spans tm:: entire r:inee fror, const~tutl'-~ at~ ub1~-~:ot.:.:.S 

environr.iental agent of conct!rn, to bei::;i: an -=ffec:lve :::"r.1~~·lt!:: .1;=':.: f:= 

the cont.:-ol of cancer. These charc1cteristics pl~c" t!'".c: f.1r-:.<!c ~::: ti • .: ~.,,a:.:::. 

of public heal::.h 1nclucling e;>idemiology (E'h); the !atter in :he disc~;-:.~n.: 

of phar:nacology, toxicology, and rredicine (:;a). ihe sa::i~ c::.:rac terts~cs 

div11e lo~-level exposure (LLC.) to raciation, fcchl I ig~-leve: ex~os~~~ 

(HLE). 

The basic radiation q u;,i.n t 1 tL.!s dr.u un 1 ts in cu rre:'! t use ane def:::..,.j :~ 

th<:: ICC:.U ( 1 ) '"<::re ::1evelopea duri11~ t.':at t!C.;i ~r • .o::icn esser.::sl:_.· ti:!: .;.-:>l-:: 

focus was on diagnostic ana tl:'.erapeuti:: uses, and lar.st:ly o:: the ear:; 

acute ef fee ts en an organ or a tur.",or: clearly in the :~ rea.:.:t. ::ius. :=-:e 

de,;criptlon and quant1f1c:ition of tht:se effects of HLC. coul:, a:-.:: s::-- c.::.:-_ 

be confortably accommocat':!c.J by tho::ie ~:;antities ana ur::ts .:i.:o::it=~ ea:-._: 

during this period. These cons i.> te<l :':":dinly or "r5an O:'.' tu<C..:::- ex:;:;osur~. 

proportional to Hbsoc::,ed au::ie, on •..ih1.:.: de;:>er.as c::e fr::i.,;ti.:-. or :..r.,.i'.:..i Jr 

tu1:iors responding r,uanc:ally \ :..e., 'in :!L:.-oc-r10 :1ing ;::-.a:i;;e :it 3 :..:i te. : :--.: -:: 

functional, to essentially permanent or lech~l dys:unc:i~n). 

Ho1Jevt>r, the above happy state of affat::s •.ias not ach!=·:e::l .:it:::_: 

quantity of radiation :-ms to be defined. In the physL::!.s~·s eye, t~ .• £ 

quantity was the total energy flow frc.•1 a source, per :...nit ,.:;:a, i.e .• th'= 

energy fluence times the eicposure time. On the other 'hand, :'.ro.:: the 

physician's standpoi.1t, the :imoun: of ndiation in the ambie~t f!eio -<>S 

regarded as irrelevant: what mattered .-as considered to b.:: :'.-:tt .:!lie.::. ·.1:1s 

actually absorbed in clssue. In fact, the "skin erytl:emd c-:;se" -..nit :f 

radiation "amount" had already been invented tlnd used, 1.1hic:: by-;asse-.: an:!" 

physical 111easure1111::nt beyond t.'ie amount of ti::.e s~ent 1::1 a L,-:L1t!::>n ;:.:lr; 

celebrated with sucn a "b!ologtcal dosi~eter". 



Th~ c-..;o vie·.is W"E:t:t: event:.ia lly rcsol.v.:!d, but •Jnl/ :ir ter t!"I.: sec~.: 

r.iee ting of the ICRU in l :l 28 ( ~ ) • At tt:is i;.<l th:: r ia& tht: "~a~n t!. ::y'" Jt 

x-rad1atiun \./'ls define..: ;is ::.::-: t:ocn::.,:::en, e:iual, ·.ii::.a ~~~itLn"ll :lo::ta::e.1 

s1-1ecific.1tions, to one elect::o.;::.rl.:.lc .;ni:: ,;f .:!-... a"-,:- i:: 011.., :c ot ai:. 

It seer.is evi.aent ti1at t:ie W•)r:l ''c.:c:antity" <;.;as u -e i'.1ter::r-.:ted in :_:e 

phy::>ical sense, i.~., as a .;i~ds ... re of ::::e eno:::-.;y :~ue!:Ct:. ·;J<1o::vcr, ... .,, ir-.. 

part tu ar.biguity aMong the ,.;or1s ".1~uunt'", "1uantity··, dn~ '"aus.::", i::.:l in 

p.lrt. to :he f·1ct that 3!.= .lnJ t:.~:·ie :-.1·.:·.;! .:!..;:~~ t• .. .: r.:-:..: ..,.~ ... = ~!.~c:.=·:~.t 

C:ensity, the physicist's "\:;ua:~t~::_:'' oi radiation t.'aS .:.<ual-, or 

proportional to the physician's "ar.iount'", 1.e., cose. 

imr.ieaiately the Roen tc;en was '.iidely describ.:ea as t::e unit 0:: x-r;;ay ·:;:i:;e". 

The lCRlJ in time en<lors<::!d this preer:iptive muve, as evidence:;. by =ne :a:::r 

adoption of the '"r<:::!J .. an.:1 tlle:i t.'1.:e rac: as the unit of abs;;r:.ed ctc.se. ;.:.::.:: 

improved instrumentatio:1 and the ;.;s.: o:: ;ihantur.:s ~ur ~ect:;ur~;:e:it in :e;t!-i, 

this syste:i !"las conti:iut:d to ·..;uro~ .iell :or nL:::, e·1en ·..;::en h:.)1-L~:' 

radiations. necessitating the use of t~e co11cept of relati·.·-:: '.:iio::i~i::1: 

effecti•1er.:!SS (RBE), were int:';;du-:ed i:Ho the radiotht:::ipy ~t t'~"10rs. 

The baste orinci;:ile in1;olved in t:-ie above probler.i can t>t: st~ted ::.s t:.i.lo..;s::: 

For a ?hysician (or anyone) to esti~ate the 1•roi.noilit:r of a se::::.ous -• 

la::ielea con::;equence of ~toch~st~c :i;ent ::ansfe?:, ?reterre\.l ~s 3:::. 

of little or no help in this r..:ga:::d. That is to say, netde::: for ;::iro[:.;;51> 

evaluation in an objecc-orientc!d ~uantity~ r.ieasure1 in or f:= the 

individ~al of concern. 

Low-Level Radiation Expost;re 

It was observed quite early that C,!ncer could result f:::;m E:..l:. 

!!ouever, only much later was it widely appreciated that the ·s1n5:.e 

cell-originating" eftects, cancer and l'.eritablo:: t!tft::ccs, r:it<s:: als.J bt :..~en. 

seriously, even at very lo;• doses, or larger doses at very l~ dcse n:~s. 

i.e., following LLE. !t was also apparc!nt that t.'ie basic pr..cnor."":-ia 

involved fell into the category of Ph, particularly its sub-:1sci:_::l1n,,-s ·~= 

epider.ilology and ac:ctdent sta::istic-;. :iv1.1"·"er, r.o ef!~rt ·.ia.> ria,:.:e t;., 

adjust the basic quan::.i.::ies a~<l units as de'.:lanl!e:l by t!-;l.s <!i:f1::rc::it 
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discipli:i.<!. It .:ippacently •.J3S wcitly assu::-.e::, since ::he '-!x.;:ressi<.>:1 .;;: -J 

L3!1Ccr i--1itidtiun should ~ll.:i<> ~\e ti1~ ..-s~S•JC'::'=-;. ;c:.:;e tJ ::ie ur;-i~1. Tt~l;'\ 

;_,rJctiC{.! .;.1s aduµc.~d. AL>:::>vr:;t::u (1o_·c: .\:::u c~~:i:-1:..l-=:·! t::: -;~ u..::;el ~_.:- :::::-:.~~ 

usinr; "3i::~tJlt-! cell ;:;yst:::'i's·· :Jc wt":i..:;• d :-..!ft~~-: ~opul..J:ion l..°:J'~: 1 : -t: 

regardea as a "syst.:m" to ..ii1ich ..ln "o:::l,10 dose" cuuld ::.C il;:>;;lie·.;. 

encoun te ce<l. \.;itle d. aum!::>ec of these i'rot>ler.1s ·.:ill be detail~d :;Jtec 

;::-.ts co1::::iunic:1tlon, the initial uojectl'lt: 1.s sL·.;:il;r tv in'Ji.::-He t..~e .r-~.­

reason Ln the ditficulties assocL:ited ·..11.th ;::-.r.s attempt to :.!St: the o:: 

concept.3 Jnd quantities apµroµriate: for nLE, :'.or LLE t::at re;uir.;;,s d: 

concepts. A ne1.1 approach to the e'.m lua::!.on of rL;k fro~. LL::, ar:c:: h01.1 

can tie a::-~11.ed to the evalua t~·in of ri~:< fr-0•1 :.L:::, is r.:ien ,)resc:: tcd, 

folio·..ieJ :;y a ;1ore ceta1led a:-.-J techr • .!..:1~ ;;.,sc::-i;;tton of t~:!:! !Jn...'.t:rlyi::; 

co::ct!pts and rnethodolosies. 

7:-1.:: ~ ~::m ana :::e :.e•..1 -~?!)roach 

A tact .:-:nti:;;l t.) t:-::: r.et!'..i for a '1::·~ 'lP;>ro.Jc:: to LL::: ri~',\. !::!Va.:.:;i:::.:: 

t:-:J:::. C.:~t:! ..1C.5U:'Ocf! (;:.)Sc .... - to .:i:I. or_:)an i~ ~onc~::-:.~~llj t::~ ~i....a·1ti t:"' cx;.,i·J~.:=~ 

0t that o::-gan expr:.!ssibl:: 1:1 t":r.:;:; of t:":e physical qua;-ititf fluer:c!::!. ..w: 

ls, 'tis cunce?t,1ally tht! n1nb~r of pr:::ar:1 ;;:c St!conca::-; ~<'.rtic:es ;~: 

unit .:ir;!~, .;hi.::h is " paro.:;it!ter of th-:: :aui.l::i..;n suurct!, an:l fl.elc ui :.:-,, 

radiatiJn ~n ~hich thd ~ell ;0;iulation ~= 3n o::-~ln or ether ~~ll ~opu_::lc~ 

of inter!::!st ls exposed. Thus, in the typical yrcan dose-c~l~ res~ons: 

cur-v~s s!':own ln fig. l, the absorbed dose sho~n on the abscissa shoul~ ~ 

regarded conceptually al::1ou~h not nui~erlcallf, as the exµosure i::i ter-:-.s ot 

pat:tlcle fluence, to whL::-. the Ct!ll povulatior, of an or,!ian or otl'":.,r c.,.:..:. 
population of interest is exposed. Thi.;s t!':e basic pro!::il::n a;i;iea.::-s to ':.~ 

::uncr p tua lly 1den t teal to that t:ncoun t .. rea by t!"!,.. ear- ly iJi'ly sic 1dnS ;,~ ..... 

wished' to know the dose to the or!:;'ln. ':he raaL:ib1olo5i::>t concer.r:ca ..,i::: 

tne stu<ly of sinele cell-lnit1..1ted cft~ct.s :r:ust ';e inr.cr~ste:.: in t'.1e ci·:c:n: 

ot ener~y depositf!d in t!':e c~:l3-·-r:ot r::.Jt '.Jhi~.; :-:.uy be int-:., c1111~c ... , . .,nt 

of th~ co:ds. 
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physyci:ins, who had nu direct way of det-::rr.:in1'1g -~at th':! t;;:-.or or n(;r~. il 

ti:>sues wo:r~ rect!ivin5 f.cum a etv':!t• .:x?o3urc:. That is to sa:;, one: ::n;st :ist! 

a ·cdll ~hantom- tf one wtsh~s to esti~dtt: the Jos.: to a llvln3 cell. Thus 

\.le must outline the re:q u i rt: me i1 t:; ;1na 'l':!C~ss.\r y chdr.ic te r f.s ti.:s o! suc:l -i 

cell ph:.rntom. However, in so G<.Jin;; •.;<:: •~.t..st b"' e·:.:r mindful ::at, unl'..k<! 

ti:e e.1rly (ar.a prc~ent) i;r.ys~.;1.1.ns •.Jho o,'erat.:rl in .. in ·:,! r<><'.e ;m:J re·;are<! 

o-:.:.; tht! do:>e to t!ie indivld..;.;l urgrin or tu1~ur ot tnt<:C"est, ;.;e :-.ust 

statl:>tlcs standpoints. Thf.5 is, of co;Jrse, l:.iec:iu;;e -:1ny tra::sfer of 

(i.e., due to random processe'i) encounters or collis10:1.S ~et._~en :? c::,,:Jed 

particle and a targec-containi.n.:; volur,ie (TCV) witr.in the cell. T'tus .;e 

first need, with LLE, the (fn.c tional) nu:nber of cells hit. Also, be-:ause 

ent:rzy is deposited in the TC': in se;:ara :~, discr<:t:c? a•~ounts. 1.1e need also 

the amount of energy deposit~d, i.e., the '"i1it size'" or ""cell ~ose-. The 

ragnlt:ut.!e uf the cell c!ose v'lric?s gceatl'.' fr;;in, cell to cell, -1'-C :~n6-=S 

irorn Z<.!ro to the r:iaxir.ium anount of kiueti::: ener;:;y carried by t:1t! ?art:cle. 

Thus the dose, to be relevant, r.ust be re5l.ste:ed in l.ndivtc:::?ls 3t t.~e 

level of biological organization at ·•hie!": the l.nit.ation of t:-:e respor::.se cf 

interest occurs. The irnpor~..1.nt conclusion l.s t!1at, 1.Jhilc? wit.."l nL£ or.ly the 

one physical quantl:y organ dose l.s required t~r risk evalua:!on, ~lt~ LLE 

'it l<!aSt two independent quar.::ities are re<;uirea. 

elc?ctronic. It can then have the shcirt recover/ ti;;.<:! °""eded in or;:e:r t~.:. t 

r..any hits per cell can be rei.:or·::!e<i (Le., f.f a nu.'.'!'.:cr of phar.:;;r., cell; 

r"'.:;ister a total of x hits dJrin£ ar. e:<;iosur., ti•·:e t, t~;en a .:;inc;le :l:il'..!ly 

recoverine cell will also re.gistc?r x t":lts Jurlne a tline )(t). Tr.is pC'.:pertf 

of the phantom will, with use of the ap~ropriate scaling fact:ir, ;.iro..,~::!e us 

with the first of at least t~o prabab111cit:s 1 needed Ln prlnc~~lc for 

epidemiological evaluation, r:a:nely, tr::: nu.nber of hits 1,er cell, equa: 

numerically to the probability that a i.:ell will he hit, dosea, ana in:urcd. 

IThe numbei: in a eroup exj)eCt<!d to resi;ond quantally at ter a ?,1ven ex;;.,s.Jre 
provid<!S the nur.ierical proba!:iility tii..it such a r~spon!.e will :iccur. :~.cs, 

th<~ tern probability will be used 1nterchan.;eJbly ;iitr. Ult: tr~ci.s ··rrac:t.in" 
or "proportion·· of er:iually do:;ed <juantal rt:sponders a.1d the term -r1s .... 
will be used interchan;;eably '.J1t!1 tI•e ~r"'portic·· or tnciucni.:t: 'Jt 
stuchastically, and thus uner.uall}'-dos.:<.! quantal respvnders. 
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phantoni cell, the rr.agnitude of the ent!rgy deposited. Th-it is to Si:iy, t:: 

1aust ;,>rovid~ tne Clistribution of tht! r.;ignitudes of the enec.~y c!eposits in 

the cell TCV's, or the cell doses. This d~stribution of Cdll joses ~u3t b~ 

obtainablt! for any 3t·1<?.i ex;>o:>ure tv :i ~~::i:;le t/;:'d of rc1'liatlon, or :ir::; 

r.1ixtui:-e. 

doses neatly in ocder ;:,;: inci:-easing r.oa::;nitud~. Thus \.le havt! the ex;;ict 

analo_sue of ·.ihat is co11101onl:r 'JSl!d in phar~.;i.cology a::iel toxkolo:;y--a ~r31t!'.! 

series of cell doses, :.intch ta ;>r!.nciple :)er::ilts us to develop a func::.~on 

for the (fractional) numbt!c ..;f '."lit C:!'l! .. t!.at :.iill res.,ond q1.1antally, 3t 

each value of cell dose. This is the cell analozue of the "organ 

dose-or~an response" curve. This fraction ls equal to the condltlonal 

probability that, if hit, ana with a dose of <t 3iven magni.tude, a cell ... u: 
r.:s[)ond quant.ally. Such cu.rves are now available, for s<:veral cell:.il<ir ~n,: 

pain tS. we thu3 have thrt!e probabl l1 tit!S to °::lt! t:V;Jl.la tea, l) t:1e 

?robabillty that an ex;:osed cell ·o1il! t>e hit, :Z) that t.'1e ;nt Ct!ll ·..;1.l! be 

of a ziv~~ cange with a Jiven 3ize, and J) ~111 r~spond q1idntally. !c !s 

these ;:>ro:::abilitles t.."iat ?er'Tlit us to determine, for a 5iven exposure, uie 

fraction of those exposed that will respond quantally. 

An .:xa:::ple :.iill help to clar!.fy t..'1e abovt! swt1:0~t!nt5. In Fig. 2 lrt! 

sho:.;n scht!•"atic::illy three distrib•Jtions uf c~ll c!oses fro'~ stoc!'.-:i5ttc 

r:Jdiation of a 3!.n3lt! quality. :;o;:.e that ·lS tht! !!Xposure 1:icraases, 

'leitht!r t'1e rean nor th.: r:iaxi:::um of the d1strtbutlons ""''·· ....... '""/ 

the .J':'.'e3 undt!r the di:>trthutions, 1.e., t'ie nun:b.:!r of ex;;os.::d cells t!-:1t 

are t-.lt, that 1ncrt!ases. Note that chest! di5tr1.b:.ition:; re;:iresent a i::r-L.:t!d 

series of doses. Also sho:.in L; the S-sha?ed cur·;"'• an r!S!::F (hit-siz~ 

effectlvent!SS function), a n~lationshlp that rrovides tht! µrobability ut a 

qudntal response as a function of the cell dose. :.t the cell dose 

distribution is r1ultlpl1ed by the liSEF, tne re:;ult will ce tt1e 

corrt!spondin~ly-rna:-'-ed srr.aller distribution, und<:r the larg"'r one. The 

area under the smaller distribution .,rovl..ies t.'1t! singlt! an~ Ct:t;!C:-;1.nin.:; t:a;; 

point in <;uantltative epldeinlol•Jgy or risk assessr.:l!nt, i."!., th<:: !rc.ct'.on 

of tl1ose expused durinP, a glv1::n t!:qJOsurc, th3t l.'111 r1::spond quantally. 

As will be exµ~nded on lJter, ~hat has ~een ter~ea aJove ~ "cell 

ph,Jnt::.rr.", ls ":uch 11ore t::ian t~t! analoi:;ue of .ln or5an phantu;~. lL, r-tt::=r 

than simj)ly cktermine a dose to a ~in;;lt: organ oc o::ganism, pro·.ttd .. s nvt 

s 



only tnt! ~ tnat a cell :.iill be dosc::J 'ln.J th<:t 'lvst! ..,ill ~ of a 6i'1en 

size, but also, with the HS!::F, the i>t"ob-i.biUt:y that that Jose will result 

can 'be provid~<.J. 

Or:?an !:lose: Conce~:~al ~xoosure 

In order to explain <ll"'d >-'xtenj the .l~ove staterr.t!nt.s, ~t ts u~t!fl.1 

first to denonstr~te t~t! relations~1µ ~et~een th~ '1bsorbc::d dost! c~ the 

org<rn 'lnd thdt t.> ~he C'.!llular eler.ient::> .'Jf c~.~ system. This c'1u "le ..!onE: as 

follo·..is: 

D /zl + 
z,. --- ) (z, 

+ 3l:i ··r :; :J (1) I a .o . ' .a ;....:.. .. :-!' 
'.'IE 

-.; ~ 

·~ 
) 

~ .H E 

1n which ·z 1:i a s!.n(;le enerly dt!posltL:.n i:-i thee tar6et-cont:1intni:: voJ.u.ne 

(TC'..) of the cell, Lt!., the '"cell aose"; '.'1 ana :.E are ::t! nu.,:i~r of 

to '.'l/~;E' 

Ho\.iever, it is ~ell :<:O'.J"l "cJ.:1 ;:,::ysi..:.; c:-.:ic, 

in which 11s th .. f teld strton~ th r.:t!asurc::d as fluence c:1 t.e (uni ts of 

parttcl~s cm-2 c-1), ·.ihich express tht! rate of exposure (of cells) to tr.e 

ent!r;;y-convej·inb charged particles; cE is t 11e t:xposure c1.,1e; f ts tht: 

fluence to which the total e.'<;;osu:.-e is r.ur.er.icdlly equ::il; and c-- is tt;i::: 

'"cro3S sect!on··, or constdrtt of proport1on<llity. Thus, substitat1n6 in 

t:q. ( l) , from Eq. ( 2) , 

D ,. 
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' I ~"! • . ' ..: . . . . 
ln 1o1hic!i .: = k Lecausl!, with stochastic .:ner,:!y deµositilln, and LLE, t.10:: 

expect3tlon v;ilue ot the r.ie..in cell dose is inv'lrLrnt ''1th exrJusure. 

-:ind carc1.no.:,e~es1s. Rdther, it Ls th<! e:<t:JllS11re 0£ the cell popul:1t'..J:"l, 

o::<pressea as J. 7!11::; ts ;:ro!>Ort ion:tl to th"' ~ of a eel l beir.5 ause:!, 

etiual n•i1.1erl1..-illy to the ex?o::Ctdtilln value of :irin•t:· This 

"object-·:>rieate1 qi...dntit:,"' is pcoportionc.l to t!ie P~jmary indl!µenaent 

"fielct-o::itmtea" V3riable exr,osure F., ti:l<t)ressed '15 f (see [:.q. )). 

l#it!i 0 bo::cu;;;ine E, .::i rational 'Jasis for the ··11near-non-thresholu" 

relationshit> is iJroviaed, i.e., dlthough a µurpo::to::d l .nectr r•!l.:1tiunsn1µ 

bet·..iee:-i dose .-i:'Jd t:-te probctbility of ::. quantal response tends to defy 

creduli:::y, such a relationshi[) bet:Jet!n exposure E 'in<l tht! nu;;ibt:r of 

(st,;chastic'il~y) doseJ individudls, or of t!iu;.~ ::;nowi:1t: a 4uautal c-:s.,.o:1so:: 

is -luite pl>1usLble. The ti>Ct that IJ is ex:>osure and not ::lose .Jlso pr:J•1i:;.:s 

d sig'!"lific:int .H.ate::ient of ..iha.t is the basic prvble'l1 when one atto::r:1~ts, as 

is done in Fi5. · 1, to express the biolo~ical responst:! in terr.is of ;i s1:16:i.e 

vari-3.bie, Le., .:is ::., or t!ie pcoportioc:;il parc.r.i~ter :J. This is depic:ed i.n 

?ig. J, the l ,.;er ;ianel of ·..ih1-:h shows conct!ptually any one uf the cur•1es 

t!-:e ex;icsure-\:/:;E ax.!S: '.lhich is ::eiJiCted th';! sar..t! cur;;~ :in;:: l~celea 

;iotnts s!"lllwn in ·the lower ;nr.el. 011 the llu/:,r;:-cell dose -Jxes ::Jr!:: th.: 

cell .'.Jose dts:::ri::iutior:s, i.e., t'":e rel;ttive uu;:iuers of cells 1ostd, as a 

fc:,1ction vf t!-:e eel.!. d:,,se, z. 

It t!1t:!n =-ecocnes addir:iunally clear that eac:1 point in the lineac curvo:: 

does not represent a sinlle value of cell dose, with all dosed indivicuals 

having received nominally the sar.ie value, as is impi.ied in the ter;a 

"dose-response" curve. Rather, e<1ch point e'ludtes to an entire 

distribution r~presenting gruups of C?ll~ wi:::h differe~t Joses. Su~h 

dtstributiuns are implied in E.q. (1) showin5 that IJ"' z?I!' in thi:it 

oiJviously, to have a z, there r.,ust exist a currespondl.n,:; distributi0n. :·•e 

nu~1ber of dosed cells at each value of Z- rc;iresents a ~raded seri~s of r "l 

dos~s, t~enticcil l:i. concept to sue~ 3 Sl!rlt!s used in ~d w dt:ter:nin~ :ho:.: 

~cob~billty ~f ctn ~rgan r~s?onse curve as a functlcn of aose. 
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...... · .. ··.·,; ,~· ... - .'. ·.· . 

A Ct::ll Risk '.!eter:. ~11cr0dosir.:etrv 

":-tlcro<losimetry", ;1lt:1ough ort,:.inally aµ~li~<! only in :he contc.~t ot 

the techniques devist:!d by ;).oss 1 ct al. ( 2-c.) :v :~e1::;:.ire t'.:e riu::iber •Jf 

1 
quantit!.es.· 

approach. 

· ...... ,.' 1,1,, .... ..:> 

partial ev"icuation 1na suitd'Jle ~calin5 per:11lts re:ld> si.~.:~Li:Lon ot 

su:icelluldr volume:; .:if several micrrms in jia:no=ti::r. =acl' L.·~o= a partic.:.e 

i::i;:iinges on or trav.:r;t:!s the l.nstru1~ent, a singlo= ":1it" !s :~~!.stec:ed, _,r,:1 

t!":e size of the resul-:ing "event'", measured i:-i ti::rn1:; of ::.:;,; ..;i;:e of the iJ'1 

cascade, is taken as c.he :-:3gnitu-.o: of the hit, thi:: "hit sL:-:". 

Thus the instrur . .::r.t cin be c:.:gar:;;::i :is a "cell ;:ir:ant..,·1", in the ;e:::;i:: 

that it ::'i!gistecs the si::e of the "cell ~:i!::e" delivere'1. :-ic..;e·;er, it 

differs ia several CiUl:~ s!.:;:i.i[icant respects troi.i the i.:sua~ -.:i.cro-pha:-.tJr.s 

used !.a the dosir.ietry of organs or •Jther t!.ss...:i- volumes. :r:e recovery tir:it: 

c" L'"le instrunu~nt 1s·r:xt;:-'":r?11::ly rai)ij, so that, '.lith lo .... -:o-"'od.:st <::x;;:iosu:<: 

=ates, each h!.t is re3ist~red separately. ::·ms, one obt ... ins ;::,ot 0,111 t!:':t: 

.-;:ectrur,1 of t:ie stochastic:,~ly ae.'..i·1ered hi:: .>i~es, but 3~s; t!:e ::·Jt'll 

1T!-.t! idea of discri:te, stJchastic hi.jh-density ener6Y aepusi:ions ==s..::.::~n::: 
frc~ r:ldiation exposure ,::-:ibati:y ori;_;inated early ..ilt!-. :..:ssa.;er's ";_,•)-;:: 

hei:it" tr:eory and ·..ias ce=:ainly :.ie.il appr.aci':ltt:!U by Lea (5). 

lce~s were not formally ~=~eloped until the "lliicrodusl~et~r
0 

~as in~er:::e1 

by Rossi (2-4). Its use i'.as been r:-:0r:t: in the context of a su!Jstitute f.)r 

the quantity LJ::T, to descrl.'.Je energy definition •..rithin a non-anato(;iic:illy 

defined '",?;ross sensitive volume" within tI1e cell. The idea '.Jf a ··cell 

dose" was probably applied first by Bond ana FeinendE~en (lC), and 

developed in NCR? 2.i:po:::t '.,,'o. 63 (11). The ir!ea of a microJosimeter ~Lnt: 

conceptually a cell ~hanto~ with ~hicn cell dose could be deter~lned ~!th 

stocha::>ti.c dose del:·:er:y !.::> l:"t:!!.atively ci::cent (B:.•na et :ll., :·ei'1er.cee-.!n ~t 

al., 2.<!fc:. 6 and 12). 



thar. a dosi-::~:o:r or: a ":nicrodosi'.Tlacer". 

ingre1ients ~~~dssa~y 

will respond quantally. 

the "specific "'ner-gy '1 ' ·« 
\ _... ' ..... ) ' 

-~' ,_ - .... 

c::o se 

do,e, naLlely, ener-gy/m~ss. :'oweve::t, bec:iuse of ::.e need c::i use ::-.e nc ;:; 

a1.'.:'..ci0nally as bor.h an ~djective ·ind nd·1erb, and :;:,r: br-evity, ii: i1a~ 

~c."-only bt:?ea called il '".1it". 

of:en si~?lY "cell dose" ~ave bec.n employed. 

---



Alc:.:1011eh it. is also ust!f'.Jl c:.o disc:.inguis:i bet·..ieen .sc:.ochastic:ilJ.y 

deliv~red as oopos~d to ;>lanned doses, c:.hi.s is c:.o avol11 confusion and :iut a 

suLstantlve requireme'.\t. In otht!r ·..;urds, all else beinG equ?.l, an cr::'.~nl.s":'I 

has no physiolo:;lcal r.iedns ot d..!t::!r:111n1ne; u;1ether 3 Jiven ;i~~<-!11t tnnst.,r 

il:.is occurced ::;tochas c:.1c'llly ur by µlaa. 

It ls on::.y bec3us~ ut the aL-:i·Je-ouc:.lir:e:.l cap-l:'lL li ::ies ot 

1nlcro.,osirr.etrt.c r.:e:::-10,;s t.'1.:.ic c:.:1e e:1ocr.1uus ._dva.at..i 5es uf usl11.; t1k e~.:-en:: 

dose approach can '::>e realL:ed. The instru1~ent is "cul'!l;>letely blind" CJ ::!':.e 

ty')e oc ener.:;y of :::ie nJ:atlon pai:tlcle respons1:,1e for the 6iven "ae::-.;;f 

<.leposition. :hus t!:-.e nuiaber of hits and tht:! hit sizes ~.r'! con1i:iletel:1 

"object-orientec" quantities, on wt:ic;. the ex:t~nt and sev::!citi of t:!ffect 

resulting fro11 ::a.di3t1on exposure depends ciirectly. In other wcrds, i:i 

principle, 1:: is amnecessary to know anything about the nuture of t!:e :1e1.1 

in which the ":liological r:iater:i-il is ex:;)Osed. The hi:ge adv-lnta~e of t;:i.s 

lies not only in t!':.at. it U!:iually ls '{Uite difficult ;iractic'llly, even ::o:: 

the most .. pure" of radi.:itions, to deter<:itne .:he fit!la strength in t<:::r:s of 

c.he fluences and energies of the different cy;:es of particles. rn -:.lxe.l 

fields, it is essentially impossible to d~fine adequately these variables. 

Even if defined, t::t!y are too rer:;oc.e from the biological effe::t to 1ake 

ther.i useful for quantitative ;irediction ;:iurposee. NicrodosL11t:!try ln 

principle obv1.<J.tt:!S ;:iny requireraent t'J :::eas:.ire t:1ese quanti.t1es. 

The cor.ipanio!l adv'latage of usln3 1:itcr'?dosi:.1etric i~etho<ls is tt':'?:, 1:: 

perrni c:.tlng 1;ie:i.sure-::.ent.s to be r..ade ~ t the t1:·,e of stochastic eveats • t:it!:.-

1n effect tur:i tte abstract. risk of bein~ dosed and of cell dos~s i~to 

c::incret.e -m.l:.J:::S for tlleS() quantiti<.!s. Sven thou.:;h it is usually nu: 

~oss1:;1e i.:o designate ;.ihich livine cell is hit, or to attribute an/ 

particular hit .:;ize to 3.ny µarticular cell, ic:. 1.; possible to state 

acc,1rately the relative numbers that were hlt at any given valu-: of z, t.or 

any giv.:.!n ex;.osure. 'rhus one llas <.!Ssentially a.11 the inf;,rr;iation t.":.at c.-:e 

h'l~ in ph.arf1'l3Colog:r aud tox:ic0logy, in will.ch the nurn':ler of ind1vtd:i'::ll5 .:i. t 

<:J'1Y <iven dose level is known preci:>::!ly, and froin which t.'ie (fractional) 

n•1·." : of ;ua::ic:.al res~onders can be d~terrninect. 

lU 



\Jith the ,\bov<:: dicression, 1Je can now r~turn to Fii;. 3. 

from the fi~ure that it is nnt ap;:irop::i:1te, and ts :r,islt:.'1.Ji.n,;, to pr~:.e11t 

t:1e data in terr.1s ot a "lint:ar-no-t•1re::>hold" r~latlonshi~. ?~ath1::r, <tS 

shown also in Fia. 3, the ddt..'1 should !:le i)r<!s<!ntt!:! as <llstributivns of u: 

cells, tht: art!d of tne <.l1.;t::1Ji;::.lQn rt!;o::1::sentl11; tii.: :;,)t.11 ;1::-.ounl ·Jf 

series of cell doses, 1::xac::.ly 33 is Qon<! ln J.:t~rml~ln~ an orban 

dose-r;:?sponse curve, in ild (t'.1t: nuinbi::rs of dnb~als ;:;ubjects to ~r..1.J1M c~st:s 

in ~ld are frequently vt essentBll; tr.e .iJ;;;c .>i;:e). 

th~t what is needed to evaluat~ the nun!:ier of hit cells t~at ~ill r~s~u~= 

quantally is the cell equivalent at an organ-dose response curve, l. ,':!., d 

relationship that will provide t!'le probdbility of a ct:ll quantal r=s;ior.s<:::, 

as a function of increasing cell dose. Such 3 function, ter~t:a a hi:-si=e 

effectiveness function (ciSE.:), n.as bee:i. ce·•elu,;ed (.J-9). Ont: suc:i C:!::'.'t: ::.s 

shoi.-n scher.iatically :ts th<? S-shaped curve in Fig. 2. ,;,, .,ict:.;'11 ..:ur·:e :::.:::: 

chromosome abnor.-nalitics, derivi::d from the data in F1i;. 1, is sh1Jwn t:i 

Fig. 7. The use of these curves is now discussed, foll01o11ng •hic!l t!':~!.:: 

aerivation is summarlzea. 

'.!se of the HSl::ll 

The use .')f the :.isr:.r· ~s s:-:o·"'n ;;cheuatic:illy in Fi;. 2. For dny oi:,,,, 

or all of th~ cell hit siz~ di.5t::~b1tions shown, one si:iply ~:ult1;:>l!.es ::.:-:~ 

..... -::::., • J ~ - • - ; -.. -- _:. -- :.: ... .) 

multiplied by the corrt.!spond!.::15 ~o1nt on the nSi::F. The resultine; ;i:Jct..:..::s, 

the traction of hit cells respondi.n& quantally ;it e:ich cell iJOint u11 t..-:e 

distribution, are shown as the much smaller distributions within t~e ldr~"'r 

ones. The a::ea under each of the s:~aller aistributions yields tht: total 

fraction of exposed cells responding qu;:in'tally, for each of the exi)osu::es 

marked E-1, E-2, and E-3. It is this fraction, of exposed cells responding 

quantally fv:: a given amount of expusurt:?, that ls the end product of t~~ 

risk evaluation. It is the total risk to the cellular system, i.e., the 

excess incidence, in that system, ot cht: end point, for exposure t:, of t!-:.e 

risk assessr..ent. Thus such a val•Je Cr'.ln be readily obtained for any aciciu:n 

of exµos,Jre to ;:i rad!ation of any LET, or :~ixture, without any requ1rer:':.,.:1t 

ll 



to utilize the"lincaC', non-t:irt:!sl1old" £unction required in th::= cur::~n:l.: 

used approach. 

rtowever, tt :nay bt:! USt:!ful, tr:> sho•..i how tii~ {JC'<Jpos.:a apprv<icn en tt:! 

;.it:!d 1ato, but difft:!C'S fC'or.1 th':! 1Jrt:!St:rnt system. This is lllustrat.:.; in 

Fi~. 5. The li;ie.lr curv.: 1.1 tho::: l<!tt ;nna p.int::l ;:it:C":nits <me to <lt:t.:':''•t'-: 

the nu:::ber 0t hit c~ll.s, •Jr the fl:3'- uf 1 cell bt::1nt; hit, for a ~i·.':;1 

tc:<posur':! X ( tht:: o;ien :::L::cle on t~1e curvt:: .::arkea ?.H). This s1r.5l<! c::rve 

is tor dny LET raai~tion, or ~lxtuC't::. The hit size alstrl~uti~ns fer t~e 

given radiation 3C'e pr0vldt:!d in the up~er C'lght hdnd coC'nt::C'. 7hls 

Jistrtout1on, .:iS op;:i.osei to tnos~ ln Fies. 2 auc 3, is 1:or:nalizt::d t.; 1....:. 

If this distribution i.s then rnultipl.:a by the HSC.F, shown ln the cent .. :: 

right panel, the product will represent the distribution of quantally 

responding cells, sho~n in :ht:: right lower panel. T~e aC'e~s under t~is 

distrit>utlon rei,>resent the number :Jf hit cell:s in th~ up~er nor:::a!izeJ 

aistrib•1tion ti1at n:spor.ds qua:ttally-r1ult.ipl;tlng :his value by th~ :iu::1b-:r 

of ex;iosed ct::lls given oy the open circle in linear curv~ PH in the .:.ef t 

panel )' ields the tv tdl :-isk for expooure E, snown as the oµen circle on 

curve Rq. 

It is emphasized t!'lat the "normalized distributions" approach cepict.ed 

ln Fie. 5 is for illustrative purposes only. N~ither "llne3r, non­

threshold" rel'ltionshi9, nor dist::ibi.;ttons tor different LE;T's nt~ed :e 

refer-red r:.o or used in ,:ir:ictice (it ls superfluous to provlde a cun~ f .:i:-

sutf1ces). That i.:> to s3y, foC' any given eiq>usure, wha:<!vt::r tile Lt:7 ;;,r 

r.1i:<tures of LET's, only a sinele distribution would be r~C•lrd~d by t..':e 

r.iicrodosirneter. Direct application of the l!SEF would yield the requi.::ed 

"risk coefficient". Thus, in pr.::ictlce, t!i.e cell dose approdch co11lc 

obviate the need for multiple "dose response" curves (Fig. 1), and i:. c-.iu::.d 

re;ilace the concept of LET entir~ly. That is to say, the "!'" in LET does 

not ;:iean the mean of the energy depositions in tissue. It mean::> the ar:iour: t 

deposited in t11e cell TCV--t:-ie cell dose. 

12 
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Tht: :lt:dv:it1<rn ot t!lc HSC:F 1.s .lt!Scr1b.:d 1'1 det.tll el.;~;..;r.er~ 

res pons.: .l;i t.J, ~;:ir <t ser1t:s of r:id ~ i ti•Jns cover1nr, a •..ii<ji:! s~:t11 o: 

qu:\ 11'::.e;. tn 'FL~ i t1on, 1 t is neccss :::; to hdVI:! 'lll i. t~ ,,cc:; :.H.<.! l;: 

be St!t:r. in rl~.Jt'c 5. 

regions of overla:;i, hits of a eive.1 sL::e '.Jill have th~ san:e etfec:.i·1e::..::!SS, 

tr.e differl:!nt J.1.str1b'.it1.ons can tr.en te ::>bt.i1ne<1, an<l the re:;ions oi 

ave rlap provide independ.?n t L1f or-:1a t ion un the cf f ~ct i veness uf t:a:: 

individual hit sl=es. rt 1.s then possible, by an itt!:.ttive cecon· .... Jl.;::.on. 

process, to ar::t.ve ult1.r..ately 'lt an HSI::F that ·~ost .Jccur.:itely flt.; r..-.: 

input ca t:i. 
this <1eri.·::ition ts purely cnp1ric~l, i.e., it is C'J•,1pli::tt!ly 

indt!pen,tent of .assumptions or th.,,C>rtes in res!iect to :>1olecuL1r or- ot::~: 

subcellular mect'".anisms of action of tie radiations. In other · ... oc:h, ::.:i;;c. 

if not all of available i:adtobiol03lcal actlon theo::ies, belin with 

assumptions about rnech-'inisms, e.3., tr.at single :JC' double strand bre,;·;3 :r.;i.;.· 

be resrionslble for sor.:e or :ill of the co:ll trar.sfor1ntions obser·.;ed. ::i 

used. 

Anomalies in the Pres~nt System 

Sev•:!ral ar.0;1alies t.n the set uf tyvical cell "dost: r~s;..om>t.! c~~·::, 

shown i:i. Fi,g. 1, c;in be pointed out i:nmediately. For instance, "lltl":-:.;~h 

the response is of individual cells, the ''dose" is to L'le entir.: .Jr~~::. ,.. ::. 

is taken to be axiom:itic that the s ti-;.ulus to an individual, be it a .:~ll 

or an 0i:gan, must be measured at the sar~e lt:vel as t!'le initial biolof'..Cdl 

response. Althoueh the effective agent is p:.irported to be en~r6y, r:;~·:iad 

"dos~ response" curves ai:e drawn for that same a~ent. Also, as seen :..-1th 

lithil!:~ ions, the same particle but ... 1th different ener31es results !:i 

marke1ly different c11rve slopes. In fact, more :J.nd more curves can :~'ldiL5 

be ndde1 to the set, sl~ply by using diff~rent p~rt1cles of diff.::ren: 

trner3lt:s, untl l the roughly triant:;ular <lrt:"l representt!d by the curv.,,,s ls 
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fillt:!d 1n co1iplt:!tt:!l'.' '!Od coastltutt:!S dn ar~'i (fig. 6). This shc.;s t."".::! 

fallacy and futility of t'ie present dose :esi.-onse curve- ?.bE syste!'l. :.e •• 

~ade in ordi:!r for th;! s;:>ten to bt:! 1.10::1.;.itlt:! 'it :ill. 

additional varlaDle ls lnvolvea a~ ~t:!l! ~s ~n unt:!x~ressed contin~o~s 

function. That is to say, the thre<.:-d~;~enslr,i!al ;1lot tn F15. 3 is 

requir~1. This n1is.>ing •11:i1ble has bt::c:'. t:C.JU!:!°lt to be u:.7, .:x;,.irl!;.s..-; ..is 

keV ~m-l in tissues. Such d continuo4s tanctl~n, represt:!ntt:!C by a ~rJu? -~ 
separated po1.nts on tr.e curve rep res en ting the r.:ean of a sear.en t of t=:e 

curve, is presentt:!d in Fig. 3a. The separated p<Jin ts rt:!prescnt the :-..::. ' 
or, in rad tatlon pro::.ection, assigned v<!lues of Q. However, it has l:ng 

been ;..oell appr~ciati:!d that L~.,. t.J. is not ddequa te for the purpos::!. It :.> 

clear from the above discussion th<tt t:-:.!s r.iissin& function is not u::, in 

the sense of transfer of energy to tissues. Rather, the transfer ts ~ult~ 

specific-to the cell TCV, to constitute cell dose. Thus hig:i- ana l:~-L.::7 

ra.d1.ations are in fact large- and small cell dose radiations. 

High-Level Exposure 

In the abov~ aiscussion, exposur~ to lo~-L~7 ra<l1at1on only was 

discussed. The difforences between lc·..i- and hii;h-LET radiations .:ire silo·.:-=. 

exposure, express.ad in uni ts uf NH/t;r:• or ?.r,. On the l~ft or:!in::i te 

is the mean hit size, correspondin~ tu the heavy curved li:ie shown i:l the 

f1.gure. On the right ordinate is the nucber of discrete hi~ ~~r eel!, 

corresponding to the straleht diagon-'!l line, p::i.rt of which o·J~rlaps ~-:~ 

curve for the mean hit size. 
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l.'her~ t..'1e curves b<:=co1o1e .:ungrue1lt, at tlie up~~c hi~h-ex;:.>sur-,: i;a::-t •Jf 

the curve, each cell h;_is re.::eived a Ltr,:;e nu:::~.:r of hit3. :: one ol:s t:-.~ 

sur:iination uf ener$Y C!enstties fro1.1 tht!Se :~L!lti;.>i..: :iits titt! -::~11 ::ose-, 

then it is clear that 1:::ven th'JuGh t!1e lnuivi 1:Hl :1it<; cur.;:;t:.t;..ti.n~ tt'.4t 

"aose" va'r'i' ~reatl; tn stz..:, t:-i.: v:1'C'L1nce ,Jf t'11: r..ein -!.ll :~.:or..e s::04:.l.,,r 

anct S!!ld.ller. There ls then no re."\son to eval.:.it..! se!idr:it•!l:· th<: :-ts:.. :vr 

each dL.>crete hit. lt Li ;idequate, for prc;ctical r.:'lsons, ;~-:1ply t:) ~se 

the summed energy density .is the r.1ean dose. In oth~r words, in t~ese 

practical purposes, identical. Then, and most l~portantly, ~ne c~~ 

characterize and predict the probablllty of c biological res?onse in :.'11:! 

cell population, or in the orean itself, in terr:is of a sing!e parameter, 

the absorbed dose D to the organ. 

flo:Jever, as one goes low~r in e:<;,osure, it is <;ee'l that the expcsure 

splits into inde;:iendent cu•nponents, 7: and ?..H. :'ote tlHt L'le e.>;:pect:dt~on 

value of z, even though the variance is large, rer.iains cons:3nt, so t_-,ct 

the only cellular p<l rar:it! ter that can increase w 1th ir.cre;is i:.3 exposure is 

the RH or the nu::iber of hit. sizes per ex;;iosed cell. Thus, •ith El.E, :~•e 

dose to cells and ot:'gans alike can incr~ase ~cau3e of r.1ul t:;>le hi ts, 1nd 

the or.e variable, D, is :idequate to p'C'edict a restionse in L'-~ inc!·.ric:Jal. 

However, ;;1th LLf., neither th~ aost! tv the cells aor tnt! 1-c":i dose 

\Ott! t.h':it while LLC. ha.r it3 cuunt:!r;>art in ::ciCC'O cccir;~nts, and ::.:1at 

only a sr.:all fr;iction of the exposed pO'.J•Jlation is hit. with. !.ncreasi~~ 

exj.>osure, there is :'lo analogue, 1.1i th macro ;:i.ccidents, of hL:: expo:;ur:.-. Th; 

reasons for this is that, for practical and ethical reasons, if the 

accident rate in given population increa5es above a vety sr2ll fract!?n pe~ 

year, even drastic action is likely to be taken. With rad!..ltion, on t!"t~ 

other hand, the accident rate can be 1'.lcreased :it i,1ill, so :.':.at any ~!ven 

cell can readily be exposed to dozens or morl! severe accide::its, in t:.e 

course of minu tt!S, seconds, or less. It is only ':lecause of this :ac:, 

which may permit interactions betueen the hi ts, that the "G~adra tic" term, 

seen only with high-level exposure of .cells to i•Jnizing radiation, exists. 
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The tr:-rns l ti on frr11;a low- to hl3h-level C8d L.1t1on ex;iosu:"' 1.i dep:.:::er: 

in Figure 3. This is foC" Ct!ll leth.1l1ty only. r,ute th..: 1nit18l lint:a: 

incC"o:::.ise in the qt..3ntd l -C'~sponse as ..i functi·)n uf <J, 1n the !.LE r:.:,3il.l;;. 

Recause of r .. ulti~:e hits and inteC"active i--C'OC::!sses, the cun·\: ::-1.;es ['3:..-:~i::­

ste~ply bt!ginnint; in the tr'lnsitic.n ;!Ont, so th·it a 1-1r..:;o::: fnctic.~ of ::3.~':.. 

cells have been kil!.~d 8S one enti::rs the HLC:. r~::;ion. .;t. this vo:.::t, s.:r::':! 

of t.'"te l.lr5ans, and thtrefore, the organis;::s, 'lt c1 51ven value of::.:, 1.;~.:.. 

fail and die, and the f r:!c tiun will increase to uni ~y as D increasts. :-nt:s 

plot: d~rnonstrat~s clt:!arly no·,. a si~5le agent, th~ ener5y Ll::''..t:!·~ _. 

ionizing cadiations, can span the entire gamut, ranging fcon the ~cctc:-:::.t 

statistics of Ph in the LLE region, into the HLE region in 1oi!llch :Ja 

methodology ap[>lies. Aga:.n. the lac3est difference bet;.reen th'! tJo re~ior..s 

is t."la t with HLE tho:: focus i3 on t.'le individual, and the sio~le ~raroe:.:r 

is adequate to eval~att the probability of th~ quantal =espo:-ise a~ any 

eiv.an c.Jose D. '·11th LLE, on the other hand, each point on t~e cur.Te s~o•n 

represents an entire population of cells, and the interest focuses on ;-_;;;.1 

many in tlvl t popu..1.a tlon will be seriously injured or killed. Here thr~ 

variables, the number of cells hit, the d1stc1bution of hit sizes~ ana ;;n 

HSEF, are requi~ed. 

DISCUSS IO~• 

The above-presented cell dose approach to nd!ation ri;;,;, eva:uati:-. 

d1ffo:::rs drastically from that pr-esently used. Cell pop:.JlatL)ns :;."'1.d t::~ 

energy deposited in each c~ll replace the organ and ocgan dose ccnceµt!. 

Ph and statistical raechanics apprl.lach to evaluate cell-char&cd pa:-tlc::; 

intr:::ractlons, replaces the ~Id approach cu::-rcutly used. :lean val'.l<S of 

LET in tissues is abandoned in favo::- of use of the HSEF to c:·:alua~= r-io~ 

the single cell. Cbject-ociented ~hysical quantities t.."..at are cl-:>sel;; 

related to cell damage replace the more r'!l'IOte field quantities. Thus 

distributions of cells, the HSI::F and the associated distribution of 

quantally responding cells replace "linear, non-threshold" relationshi~s. 

The approach, in principle, appears to be far more coherent, inte:.-nall:r 

consistent and lor,ical than ls the present system that rnust e:n;>lcy vari::;us 

factors and various versions of "dose equivalent" to permit it to be 

operable at a Ll. 
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T"te present syste111 could in pr1nciµle obviate the need t r:?:jiatio;i 

riualit'] and LEl; field 1uant1t1es; a '"star.dara ndi.H1on .. , l!.nt>Jr -dose 

. effect'" and "dose response" reldti0nship; ri.s~ coef:icicnts; RJ;;£; j.;,se 

eriuiv:ilent and reri. The pro!:ile::-: ·)f oiit.1t:1i~::; r:ieasurer,1c:1H.s t~Jt c~;irl.!se•1: 

accurat:.:?1:1 the rnc11.:1t:1on tielt.1 in tissues •lnd cell :;iopi;lations i3 ;;f cou::-s~ 

difficult:, whetho::r- one uses t:he current SE. ur the ;:i::-opc:>e<l i::i ap;::.-•Hc::es. 

A rather far-reach1n3 conclLision is :iossible ·.11th t..'ie ;,;ropose1 

approa<:h. Each relevant organ S']Stem in tl:e body contains enormous nu:ib~cs 

of cell ~ler.ients. 1.Jith the pro?OS<:!d a;Jproac'.1 en!.Jr:icin.s t'1e 'oSE.r. ~t :s 

possible, with any exposure, to esti.:Late the I. fract!.onal) nu!:lber wf 

transformed cells in t..."le individual. Assu:ning all exposed nonaal 

individuals have approximately the same number of relevant cells, •e the:t 

can have, in principle, for a Biven ex;:>osur~, a popular.ion of ind!vtduals 

with knmm and equal nu:nbecs of transformea cells. '..11th .3 3:-adr!<! serles of 

~'qosures, these numbers can t..'len be C'Jrrela t.ed 1.1i c.:l. cancer inclcr!nCr!. 

iJhich can be evaluated only long after the exposure, in an1.::ials c:- in hi;;.nac. 

beings. The result would be a function for cancer risk as a func~ion of 

the number of transforr.:ed cells in the indl.vidu"ll, to replac~ the current 

organ dose-cancer incidence function. 

The signif1..:3nce of the above is perhaps sub.;;tant.!al. :n tt:e ;ires::1t. 

system, one can deriva only a quit:e uncert-lin est1:r.at~ of t.~e ri:>~ ot 

cancer fror.i a physical quantit:r. and one must use the c:>tle;::tive .:ose 

cquivale;it in very large populatiuns to evaluate the ri.sk of cancer ~n Ll.~ 

individual. On the other hand, viu"I the proposed syste!:I, on.a has a :::eas:ir:e 

oE <1ctual effect, i.e., the fcaction of qu.:intall'f responain.:-, cells, in t-1e 

individual, fror.i w'hich the cancer risk tailored to that. individu"ll ~n !:oc> 

obtained. ln other words, the function for tl1e pr:.Jbability of an ef!:ect 

vs. the amount of exposure may in princi;:>le be by-passed cocpletely. Ttus 

one has in principle rer.ioved the evaluation of risk from the reau of P!l i~ 

which the focus 1s officially li111ited to the health of tile popula:.ion or 

society, and placed it l!1 the Md category, ia. which the focus is on the 

health of the individual person. This r.iay have many i~pllcations, not only 

in radiation biology and protection, but in the r.iedical, social a~:1 !~5al 

spheres as vell. With respect to the probability of causation ( ), it 
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could ,;t:-cn~t:1cn subst .. rnti.iliy the vala<! of tl1is ;iµµruaci1 in i.nsurine 

equi::abL: C't.!S•>lutiun of leg:.il cl.-1i:::s 1:wolving an alle~at1uri that a 

spec it tc c!'\C'lit!r t!xposur"' L> causally n:latec.J to :1 p~C'tic..ila:. t:!.o::tant 

C-inC~C'. 

',·Jt<= that HSE?'s for: r..acro :,cci.1e:iu, ·1lL10u:_,h 0b:;i.:,<:C i11 o:..:x;...orl-.=nt:: 

in .i!iic;1 :i toe has tic enc:C'gy tra:isf·::!r l.; s ir:•11.1 t.:d, ·tre no>t ;.;se~ or c='/t:~ 

ref«rred tu uperc1tiondlly. The oJVi·J.,.S r<!aso1~ is becaust! --t -;uant'"l 

resµonse that may result cc.n be C'cadily observed, so that neither a uoso:: 

Slm113rly, quantal responses of cells, can in nost laboC'.i~ory exper1me~ts 

usi:-ig "single cell systems", be observed promptly. Thus it 1s only for 

sevi::rely delayed responses, such as cancer or heritable deft:cts, t.hat c3C'ly 

observations are precluded. A complete ::ipproach to risk ass1:ssment at the 

time of exposure must then involve the HSEF for cells. 

Since t.iv::! HSC:F replaces L!::T conct:!;:tually, this r.-.ay be of :>i 0 ni!1.c:inc'! 

to those interest.ad in the detailed significance of "track structure" ;;itn 

raa1ations of different "quality'". Much of 1.Jhat has been ascribed t:o :.i::T 

and track structure differences, mc..I 'Jell be simply due to a jifference 1n 

dose t.o the cells. \.11th most, particularly stochastic a!:ent. t.r':insfen, it 

has been more or less generally accep te<l that a larger dose ... 111 be: ~or~ 

effective per untt dose than a smalleC' une, apparently wit:1 littl~ or ::u 

The ?roposed approach has r~levance ln the "extra~olati~n" curren:ly 

used to est:imatt! cancer risk from low-LET radiation at Vt:!ry lo'J "doses·. 

Clearly, one is not extrapolating hii;h- to lo•..i doses of t!:e a;ent er.er~y. 

Rather, one is ext.rapola ti.rig to the lover reaches of a curvt: r·~prese;1t!.:1g 

the probability of an expressed cancer, as a function of t.he aumber uf 

malignantly transformed cells in the organ or organs of interest. 

The interpretation of a '"linear, non-threshold- curve (!or exposur~ 

and not dose) also changes. \./hat: is meant is that, with any amount. of 

exposure, there can be stochastic int~raction with health con::equences. It 

is true that "any amount", i.e., as little as a single encount~r, coul~ be 

lethal. however, the condit.ions are l) one must first. have experi.::nce'! 

such an encounter, and 2) it mu::;t be a large one so that the dose 
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quan~al response. 

Finally, lt must be reco5nizea that, '-'ith st-:,cha~ti.c -::ncuuntt!rS, :::ic 

density ;;,f eni:r~y transter, a par::i:.1eter 0: i·)n ;i~tr censU:.::, ~.ay ·.:o:!ll ·~ot 

be the :.:ost r~lt!V3llt '1'J·illtity in tt!r~:s .:it c..:.:ist·1,_; tr-iu«1.:."..ic injury. · .. tn·~r 
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~/a.ri"1:ion, n<_;t r':!lat~d tu .:iny the:-::i!Y usec. 

. . . . 
v:isr ;-.ui::a:-t .; __ ::i.c .. :1 ~::::.::·)::_ ::.3 --

of ::-it: r ~:'la l ---- --- ,..... . 
.;.;._ - - >J ... 

- .. ....: •· ' - . - .:. - :; ............. . - ~ - .-__ - .... c.1 • 

regenerate before the co::::-.ensal er invudi~6 ::.atho:;:enic ·:~.:t.:!-::-i.c, ;e·:e:·. 

r"!si.st:;nc"' to t=-:.: antibio:ics av:.~lat.l.:. 

?rc.:._:-::c 

'..~ol~-:o~y Irraciati8n: 

The rC1diation syndro:::es prot~ced by ex~::.sure ., -- .... ., -. -....... ____ ... ·-~ 

hi;hly ae~endent nn J.o:: 



. . . 
res[' i rd tu~-:.- C~;;._._.aL)-"..: u: _.~rot;·_:.::._,_ 

this ~yndi01:~e .ire t!ni~ .. /' .. -:-:L:,· tJtdl. 

tew casu.:dtit:s ..:~scribeJ by lii.;b11<?r tt "l. ~2;. 

~:::!r.C= :.::t: 

lai1ur.:ltor:.· J.t11::-:als th·.lt i.s prece~e1.~ ~· :::.·~_,.=.r-t:'·-:...:tt,i-it:.:., d~a;.:.;..::..~ 

respiratory distr:!ss, a•.c interr.:itte:i.t st::i;or. 

fe' .. ; casua1 ti~s de~crii;cLJ :..i;;. l'.t.:.~H1~r ~~ a L. (:). 

G~strointestinal synJrc~e (GIS). 

The Gas~roint~stinal Svndro=e 

The CIS. when ~raci.;ced by doses 

with1~1 3-~ days i·n lato:-..:tory ar.i:::a~s 2n1..1 ~:ra:.:..~i.y ~bis ~lsc a~;::.::s 

hui:;an ·:.;ei.1~s. 

•rariations. 

,l - - -

and p lasc-.2. It is of interest that 

sr:iall inte:o':ine. as descri':>t:d by C.rech°"r et al. (!.). 

which has been terr.ied the hcnopoietic syndro~;.'! (HS) auc -.:;.s co::-.:-.-.:-.~:·· 

observed iri the .Japanes" expose:l to nucl,,:!r ra:::iati.:.n i:: ::ir.:::si1:~..;. "r..: 

::agasaki. 

The L<>!mopoietic S·rw::ror.1e 

The HS is not necessarily fatal. It is a ..:linical :i.ct-...:r~ :.~~t :~ 

seen in tne lethal r:,n;;t ror all r.:!:.":'.<.ds incL.:-:in:; r.:an. ihe !ec~:it. 

lev~ls r.:~orte<1 represe:-:t t..e LD 50 for t'.1~ s-=c:·.1eL1e of :.:::e :-:arr_-. 

1!epr~ssiGn, :10.;"::ely, zr~~:~t.tlucytL<1-'e::i~"1- · ... ·it:1 $tJ..,::epti..:ilit~. tr.> _.;::,t-=::~1 
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t~e fo~rth ~eek). 

:i.ni-:-:als, whi:!re G':!atlis fr.:;;~ the acCJte ;;has~ are ur,cor.irnor. lJ.t.ec t.:-.::::i en<: 

c.hi::-tiet!"l d.'.lj atce::- ex,iJsur<::. 

c.,o;:-t.:illty, is sho'.;n in ?i.gure 2. Tr.e data 1:-, FL;ure 2 ::::<: b3.sec o.1 do;:s 

:.·J.t 'J~r~ exposed to " nu~le::i::· bor.'.:> in ti-..~ Pacific !Jrov:.:1.:; gro•J:-.::. 

·~nct are illust.rated in ::i;;urc:s 3 anJ 4. 

lowest leu"-ocyt'' cou::its in t:-e .ia;>c:aese w·~re -?!:is~::-v~d i:i the fif;::;,. to ::.:-:e 

e:<posc:; to fallout r:,L!~:Jtion (5). 



?roba~ilitv uI ~urvivd! tolluwin~ lx~us~re to L~ol~-5~~~ ~~i~ti~n: 

·i·I'.t ~rvba:.ility ut 5 1.llVi ... .:al Ccln ~-t: r':!L<ltc·-..: tJ syr.1t="t .... :-1;tt0~uc.°"~.- i;1 I...:i.n. 

The i·Jllo~;i~-~~ ar.a lysis is '.>{J..S 1.;J un t1~t! v1:..istrv.:at:c.n:; r..a•Jc: vn :.::~ ... : .. q;~nt:JC! in 

Surv1val I~µrobaLl~: If vo"li~in; occ;..;rs pror:aptly or 10it.-ir: .i. :~1: 

~:ct.:.rs a-aG continues d.na :..> follo·...:eJ ir: raµid s1.:cc~ssio!'1 :y ~rost:-.itior6, 

uiarrhe!a, auo:-~xia, a.tu.:! :·ev~r, t~~e pro;r.osis is -·.ra. .. .re. 

uccur in lUG~~ of tn~se inci· . .t1Jual..> \.Jit~i~. the tic.:.>t ·.:ct..."f~. 

tha.t c:::xtens~·.·e iici=::inisLr.:ition of £luics anJ. ?las::-:.:i ~ay t!;'"tt!nd the l.:..:~ o:: 

tht:Sf: i.nCiVi~:JdlS SO th~y r.:ay S~r-1ive tC Ci~V~l..,:,.-' tht:: h~: .. o~~oie:ic ,,:y~ac0:::c=. 

Sur~ival Possible: Vo~itin5 nay cccl.!r, t;ut ·.:~,11 be of r~la.::·:e~y 

~t dl. (20). Si~ns c.f bacterial infection nay ~evelo? when t~e :acal 

neutrophi~ count f;.,lls belo1o: 500/;.:l. 

i':vidence of ble.,,'iin:; r.~ay occ~r ·.;ithi·~ 2-.- ·.;ee:.s. 

sense. In the higher ex~osure ~roups 0f this ca:egory, the late~t ~erioc 

la .. ts :'ro;.1 1-3 :1ee::s ·,;ith little clini.c ... 1 e•JiJ.,,r.ce of L<uries c.-...-:.,:: t~an 

;;Light fati,;ue. At the termination ot th~ latent perlo~, the ?a:~ect =ay 

develo~ purpura, epilation, or cutdue0us ulcerations, infectiu~s of ~o~nds 

or bu.'.Tas, diarrhea a.no/or ~c.!lena. The -:-:ortality .... 111 be signi£ica:H. ... i th 

the:ra;;y, antibiotics and/or sulf;;r-.oniJe;, the sur·rival tic-,e can bt ex;,tcted 

co be i;rolonged anJ if st.:ffici~11t tin:<? is provided for bcne 1:!.,::::s·.; 



:<:;.;.uchi .. -~ 

- . . 
:. ~ l C: > ·- = .. .,. 1 v ,.i ... 

_£.roup. 

Su=v~~~l Probable: !.!« .. :·..--. :·.~ ...... l ~ · .... ~ J 1:-:~. cr ··ay 

b tl-:i:; 

~~rou;.i, c!-.aLicterized ty t~:e ::arshalL~se (o), t:;ere is ~.o fur::!:er e·.-ioence 

cf eff~cts cf exposure ex ~?t the ~e~atolo;i~ chanses t~at can be :etected 

-:!;o:;Josure. 

coGpletely asy~ptonatic. Like~rotise, ir.civiCLials uit}°; ;:lat~ic:t ..:uu:::s of 

75,000/ ..:l o::: less ra:( :;ho,; no external si . .,:r,s cf. lJle~oin~. 

cefens~s ~;ainst infec:ion ar~ this su~l~t~al dose of rzjiatio~, 

d~velop i~~~ction. It is ~en~rdll; b~lieved that ?t~~Jture adnin!!tration 

Survivdl 2ossible group by ~llo~in~ bJcterid to :ev~lo~ res is t~=-~:e to 

a~ ti bi r.1 ti-: s . 

Eff~~~s of a Single Dose of Gan~a Radiation 

Ar.alysis of a Possible !:unan U:,~,. 

c•. the first ;.>1.:i.c~, in ;;ll r<!ality, the mortality C<!:.pon~~ of t;ar: 

of the LS:;, in the cla:~sic µ!ia::r.acolo;;ic se~;se; that is, the morta~i ty 
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recovery of ~er.:atoµoiesis. 

r.:i.uioloc;,i.:.ts o.t t:it! SC~~ 111:::.:::~: c...__.::~ -::i~ r;~i::.i.i:.:c~ i:. r .. 1n. 

st.:. te J Lu SO. 

sev~ral shortco~in~s. 

lart,e anir~als, tho: data from tht Japanest e'xpose<.! c..t ~ii:-o$hir.:a ari::. 

::.:i;;asaki, tht! ~:arshallese data anc cat.:i f:ror.i ;:dtL:nts .;iven t::era1;eutic 

t~tal body radiation. The effects of ~ec~etry of ~xposurt an~ cner3y ~! 

r:i.r:iation on the ~o:rtality response is crucial (2:-24). 

(23) otservea a h1~h LD 50 , ~~ereas 

1 a r :; e an i r::a l s .t ro:J :his to a:;:;~t:. thJ. t 

extrapolate: fror.; ar.i:-:ai.s to r.an. 

<tc.~1;" raciation doses to inc.;ivi::..ual:; t!-:a.: :ocr·:i·.-;:·:l or C:Le:a. 

Cron~ite acd Bone (25) ha~e a?proach~~ the p~oble~ of LD50 in ~~~ by 

loo'-.:i!15 at t>i: i~arshallese res~rJr.!>t to liS rao t0tai 00'1/ irradiatio!1 an<i 

t~!: respunse cf anima. ls in &~~.era i. oi,;;.ire 5 illustrat.;s an apµro;.cl-, t0 

a near r.i«xi:-:-.al sc.'..ilethal dos<! ot ra..i:~tioa. : t would ap~ear tb.i t :.:',C ratl 

unifor~.-. t0:,l ~ur~;· irradi.:i".i.on \;:::i.;ld .:.nc'.1or t::e lo;..rcr ;;art of the -or':'llity 

ct...rve. Certainl:•, in do.s;s anCl S'.:ine, if ::he dost of radi<:tion \.ii!r~ 

increa::;eti by lOC r~d over th.::. ... recei·:-~u by thi: ::arsballe,;"!, one wc·~!.r:: te: 

lf one a,.!(.'.s 50 r-ad to th~ estima:;?C: 17j 

rad t:-:ai: the :'.ar3hallese receive:a, or.e has a prooable 10·..1 1..:thaLit;; of 

.:.ibout s-1n;;, of a;iriroxir.iatety 22:, ra-:;. If one uses the ~~r~ slope fot raan 



TLus, or.E: cat! ;:ai:e a first ,;;uess 

t::a:: t!1~ Luse tor <:'.a;:iis in tl:i! vicini:;; ot 36'.) r;:.c ::1i<.:line in the c.L:>tt:ce 

of cor.;pli.catc<.J tLet .. ai. ;:;urns, tr<surd, or .:.ny efrective theral'Y• T~.1:. 

E:3ti1:1ate is bolster!::: L:: th1e f':ct t!J;..t patients biven t;1erapeutic tct~l 

boay irradiation h~v~ ~evere ~tr.at0p~:~t1c ~epr~ssion occurrin~ at ~ose 

Cn clinical 'rounds, one would thlc~ that the co~bined use of 

(26) that dntibiotics incr<:.~ :<:: the survi·.ral rat~ ot irraoiated ~1ice. Fu rt:" 

et al.. (2~) obtaine::! no r.ark.tc 01enefit fror:i antibiotic and transfusion 

tr ~rapy in their sc<i..::>. 

Perman et al. (29) ~ave clear:; s~o~n that on~ can consistently re~uct 

~·ort,dity frorr. a ntar LOG~: fatal cos1e to a::io~t 11.;;; r:io::t.dity in c!c,;.:; !J1 t:::t: 

conbin~d use uf high dosage uf successive ant1~iotic5 anc ~hole bl~od 

transfusions 5Uti?lt::ented by ,::atelet-rich !:Jla;,~.1a ·..,,hE:r1 r;:?·1 cell.; a:.: not 

neeJed. 7his enables on~ to 3:'\i:t the si:;::ioiJa: oose r~crtality cu:·;t! vf 

unconplicated whole ~ody radiation injury to ~ ~uch st~epet one sh:ttin~ 

the LD 50 fro~ approxi~ately 3L1 rac i~ the ao~ to a little over 40~ ra~. 

7he 5% nortality is shifttd f~ua rca~hly 2CO tdd to about 4GG rad :esultinb 

although the survival ti~e is ~oaerately increased. Thus, one can 

anticipate that .inu.'::iiot1cs, t,.:.00rJ trctristu.siuns .:.nc pl;:,t~l.,,t trans::.isio:i.s 

would benefit ~u~an bein~s. 

in do~s and can further points up the icp0:tant role of infectioc •n~ value 

of ari ti bio tics. In , .. i;ure 2 is sl:o~-m the ;rar1ulocyt~ cc;i.;nt in ao.;s tha.t 

W..!re exposed to ;;a~r::a raciation fro'-' a nuclear bcnb ai.d the correlation 

with percent aortality. The ~ranul0cytt curve at the far left is in do~s 

that were expo::.ed to about 60: rad ~idline dose. Mote that the bl~od 

counts declined and all ani~als were ceac! by th~ se~enth d~y cf ex~o~ut~. 

At autopsy inf1::ction vas clearly the maj~r caube of aeath. In th1:: next 

Ct,;rve t!1.: r~orL,lity ·.;as al;;o lSG;; •..;i::;: a slowi::r c!,,,clir.e in e;:,rallulvr_:,;tt 

count .1long wi::: a lon~~r survi·;al tir:-.e. At autopsy the najor c.:.u:::e of 

., 
I 



Ct:d th. 

.... "" ~ r: •. •'• .: '.:.~. t.,:'. • • .; ~::.. : , ··-.=i·i;;:r- : .. ~ . ._. ....... ~ ... --} 

count oos~rved. 

inf ec ti on i.s in the ·..;ork o:: :·'.i. l :e.r e.t ii L ; 2.'J \, sbo • .n in r i.,;ur<:: . 
fi.,sure, there is a clecir:.Jt C(.;r:cl...icio~.1. of 1nortalitj· ' .. ;it:!-\ the r:~ctJ.oi'. uf 

: . . ~.e i = a:.= r a fJ:. l : s . 

.-::.:: a ,:..:::i:::..::. :ereG ~'.-:-or::::c. ::: , ::.·.! ~ra-:yc li .-::::: , 

t~.· ·-~~uth fer 3. :::ta~-.): ::-2.S su.r::.n·; 2 hours .a:tt::r irrac:.~tio:-.. ~ .... it:: 

-·-· ~ --.~ ...::. ~:. ............. v I,. ... '-.:::.. 

tetr~cyclin~ or trythra~ycin, or t<::trlcycli~c with an~~~illin ~~s ios: 

e:::tctive. ':'he antisiotic .co~.~inati")r:.s chan2,t=G a I~e::.r :co;~ r.ior:aLir.y, to 

s u r·vi val. 

s:reptu~ycin ~~re used. t;I. -::.eir 

st:Jc!ie~ on ::·.o~keys, a ~c .. binatiGL of ~:ana.:.1ycin, olet~trint, st!:'~~tun1j'C!.:~, 

a~d ~enicillin was US<:!d. The.re ~~s an incr<::ase. in survival fro~ 20~ :~ 

:~~ Zffects of Geometry oi :x~osure and ~aciaticn :'.1;urv c:;,r. 
c t 

Geoth-Sos~ Curves and Biolo~ical [f!"ectiven~ss 

i~~de~uacies a~ usin; ~n dir dcse of radiation f0r prc~~csi~ ~ill 

be ill•.stre:~ed by sho\.iing th:= ~:~!"luE:nce o:. e:x;:-usur" ,;e• •.. etry a1.:; ':ne.r6: on 



·i~:e 

. . 
tL~ u~1..:._:--r~'" 

.:.;.;s 

- .2 : ;:' '.:. ·.l. ._, ._; ·.::. - ..., ..:. :.. :-::..: .... a;-'.::._• ·- ... ..:;::. 

." u:: t;,_ __ ~ ... 

:.:) 

z.:-it-:.~ ?laced a:: th~ir c~~te-::, -::::-:.·~i~~c . .; .. ._ c.1 C(...'.:'"/~nti0na.i. :.i.id::.:.a.l 

I --..;,-; -" t:-.<.:: .:.a t:C:r 

t:ie surf act o: -...:s;;t:c t 

Fer the fil!ld case, a. ..... s~rfa.ces .:..:e •tpr.;~<ina:" i:~ :~e 

cu:;e dosr:: sou r ..... e " 



clinic •J:: laboc,,tory. 

r!lost ex;)e::i; .. t::!'ltal conaitiuns th3t ti;-:: r.,iuli.1-: dos~, rather tr.1rt <los-:: 

r.:easurt:::..i in ai::, 11oul:i bt.: th:: ~tt":!r cu1;17.:J:l 1x::..=x:1eter in ter~1;> of wnich :o 

;Jrt::dict :.iLolo,:;ical effect. On t!<is a.:;su~;.·ti1>r., e1ir do:.;e value shou!d bt? 

multipli.::c Dy apl-'ruximat..::ly 1.5 in 0r::;er ::o c1H.iJare their efft?ct;; t,; tt1c£~ 

of a g!.ve:i .:iir do::>e fro::. a "point sou::-ce" ',ea::. ;:;ec•1~try d~live::~d 

bila teral::.y. Furr:her::iore, t:·:e··:;e:or::e:t::-y u: C"1<.!iatiori f:::or: c. fallout:;_.,:: 

is not iC::ntical either to the .:;eor.:~try of bilat1:::::al point source'3 c.r t::.: 

largi=ly at a r,razing an;_;lt?. C-:o<.•~vec, th':! total field situation is '.:t::tt"':: 

appr0ximated by solid than by pl2~e geo~et::y. 

:i~u::e 9 sho<,.;s depth-dose cur•1es for ~ifft?rer.t types of radiat!.on 

provide an idea of thd airft::r&nce in ~os0r?tiun of en&rgy throughout a 

lar;:e ani.~al body tl":us injury ~in t::~ let::al raa3e) t<J the i::i;iortan:. tar=-:?: 

cell, the her..~ i::opoietic ster-• cell, ·..:::ic:: :et·~r•air;es wh1::t::1::c r:i1e bone r:.a:::-_.; 

cr;1:;;:1.)n'..y :.sed ener6Y of r:i:Jidtion i:-i -1ni::;;_: ... tu<li'.!S. ::ote, tr.e sL1r~dCe 

. ~ .. - . - - -~ . 
-:::ori:-'::'sµcr.;:;in;; to : .• 'l:-t it ;.;oula l:Je 6:.,:, o: t::-.::: t.ntrance t0 ti1e importdr.t 

ta>:."f,':.:t cell, tLe he::iopoietic st--::: cell, ~.-::ich d<?tf:!rr1in?s hone rr.arro·.~· 

re gen":! r.:i t i0n. Since bent:: :ia i:- row ·~·as ~"is t::: i bi; t~ci throut_;h..;u t the bouy in :_: .. 

2000 -:Vp x ray. Curve C is the i:-:i thl tc-:-:h i..ar:rn-.a r3diation and .:urve L ::.~ 

cooalt-SG gair.r.:a raaiation. It is c·1L:'::nt thiit tor ti1e sa;;ie air dose, 

_,1iry ".o he~;i.ltopoiett:: stem cells sco.ttend throu:;hout the bone r.1arro· ... 

·.·::i r i(:.. 'J~Si· eratly and thus ~ould :-." ex;i<::cte<.! to res.ult in difft::rt::r-ct 

lethal dose curves. 

l '.· 



The Effect ot !Jiffert!nt 2..c:uic.tion :,ept'.1-l;Ose Curv~~ on :iortality !r. 

Mar.:mals 

1ullis ~t al. (35, 36) nas st:.dit.!O thi:3 in th;.? laboratory a::i..:: in ~1e 

at.J:.1ic bo~1b field tests :..:itii .3\Jine as tr.c tarz;~t ani:.;al.s. This :.s 

illustrated in Fic;uc.:: 10, s:Co~ing th~ si;:noia '.luse :::octality cur·:~s fol:' 

unilateral 20UO kVp x ray, oiL:.teral 21Jt,O k\"p x ray, an<.J tht 1r.o::.:1li ty ::-:•:: 

the highly ener.:;etic pL"or.:pt _,;a:'.':1r.a rac1at1on iru1:• a fission bor.:b. Th::! ::.u~ 

from unilateral '2000 k\"p x r:iy is SOC: rc.d ir. air. Bilateral 2GCJ h.Vi) 

r.:s..ilt.:d in an Lu 50 ot .:.uv cac in air. ·1b~ initi;il 00ml> gar:.;;:a :c.;i:'ttir_,,;: 

with r.u 50 was about 230 ri'itl ir: air. 'Lhese air doses can be c:onv-?rted :.o 

nicline tissu::! dost:::s lBsed on comµacatL·e studies on detJth-cost! ;;ut"v~s tc; 

300, 220, and 184 rad. 7he ciffere:1ces are explained in r.iart by lack of 

ho~ogencity in uistt"ibut!~n of dose. In th~ case ui the unilat~=~l 2U~G 

kVp x ray, tissues di.st.::i.l fro::1 the r.:id::i.:l~ t"ec~iv~d r.;uc:.. less t!'n.u ]Qfj ra: 

anc! tissues proxir..al to the ::n::!l1ne r.:ceivec r..or:::. In t::\:: case ;;f 

bil~ter~l 2000 ~Vp x ray, tissues proxi=al to and jist~l from t~e ~1dl:=~ 

rec:::ive a greater absorbed ~0se. 

ra,;~1clon, tissues ;:iruxir.:al ::o the 1:1idl:'..::e ceceiv.:: a ;;i::i=at·<!t" co::~ and :.:::~'-: 

di"' :::il a les:;;er dose, and h.::nc:: a h:.i_it-.e::- ancl lo . .-.:r s:..:cv i v:.l. <;f l":::r::O!l'J!."" ::..:. 

ste::-. cells an opposit~ ,;ices 0: the :'li·::line. 

raGiacion doses in dl: dl"<= o! relatively little use in pr~dicti=f 

SUr'Ji\'al. For "JractL:::±l clinical rr:ana6e1,1ent, it is t:ie opinion cf t:-ii;:; 

authoc that one shoula be guir:~d by t:\e clinic.11 and her::atolo;;;ic c-,uc.;e a:-.: 

not by esti~ates of radiacic~ ~oses In a!r or cuses eiti~ated Ly D1olu;:=~­

dosi1~~try. 

?'illout ~~uiation i:.xpos·~re of tr:e :.<::rsr.:dlese 

7!1e energy of ,i fallout f ii.! ld r.lt! ter:1in~s, in a'Jdi tion to t:.-. ~eom~ tr; 

ot: ex;..osure, t:-.e rlepth-oose ;;atti:rn. ri,;ure ll sho-..;s ti:~ enecgy Sfi:ct=·~•.: 

of 4-day ola fallout. T~i: original ~ource iJ the energy 0f inh~=~nt ga~=t 

e1~lssion~ from th~ r.:ajor co:.poncnts of t~e 4-iay fallout:.. ::1: s::.lid b.~·:.< 

histogram is calculated distribution of ener;y takin;; into acco1..::t Cor..;:.t·:::. 

sc1tteri 1£;. Tbtcs t:t~ ene•gy to which an inoi•1icual is exposed vt:.ries :=0:. 

pen~tration tc a ~eak at l~Gu T!'"~t! ef:~ct u: 
t~is ene•~Y distcibutiun in t~e geo~etry of e~~osur~ un aepch-du~e cuc~es 

i'5 :;;1,-,·.m in Fi.'.',ure 12. 1·:-ie dej,:>th-drJs.:: curv<:::s o:: a falL:i•Jt tield :inJ 

11 



63r.ir:ia rad ia ti on at"•~ shu:.in. Tht! C'1 se::. ot r.:.u ia t ion to th\! su rL.1ct: an.ii tl:t! 

first few n1illir.1etei:s of the J.,oay were subst,wtially highc:r than the 

midlLH~ cose of t;am111i:t rduiation. Tf,e curves pre:.,ented dre a percent of L";.t:o 

J er:. dose of radiation. In addi t~on, tl:e c.!.in!.cal observ<st.iuns :>t tr.;: sk!:i 

lesior1s forcefully aer:.onstratt:~ t.:3t the cus;,: to ti?0;: skin variel.I 

considerably between inaividuals 3nc uv~r t:.e surface ot any ;:,!·.-en 

tnolvidual because: ot t.tc: spotty :i.ature ot tile: rnciiation burns t:> the s:..1r .• 

Another feacure of fnllout t"3diation is its decay. The fallout 

:?rri·;:!d ::.oout 4-5 :: .... urs after ce::.;;:i.a:::ion. Figurt: L:i shows i:ne a.:cuml!:..at!.Yn 

of dose as a function of time after detonation. The dos~ rate decreased 

contin,uou.sly as th~ fallout mati?c-i..:il decayed. 1he r:.ajor portiou of t.::e 

dose was received at a higher dos-:! c-ate. by th':! tir.•e that 90% a: the cose 

'.'lad been r:=Ct!ivea, the dose rat':! i::ac fallen to l...:ss than 40"~ of :.:i.itial 

value and t.hus is much diffe.:ent :rvo:-1 n'l}' an'l.~1:il t:?xpo.suc-e c;;ndit:.on i::. the 

literature. The· influence ot :'i cose rate fal.lL1t, by a 1.2 ;....iwer tunc~ion 

is not knor.~n. 

:~e:pair: of Racia tion lnj ury 

T!~is has been considered i.n s0rr:e de t<>il in a report of the ~.C:l' '- 37). 

In t~e r;c:-,P diss<:!rtatioil, it ;.;a.s .stat1::d t!ldt 150 rad over or."' :..:e-!:.., 2· :J r~;i 

uver one r.ionth, or 300 rad over four l"!Ollth.; is bi:!lieved to 0e su:ih:thc..::. ar.J 

that no :~edico.l .:::.re would t-.= re1:;ir.:d. Howev':!r, 250 raj o·;er o::.e ·.ie,_• ~. 

~50 rad o·:er one month, or SOD rad over four r.ior.ths is est!-:ated co l:;~ in 

the 57; 1:iort,.ility ran::;e and that s:..:r,e r.oedic:tl car.:: will be requir'=d· r .. ::en 

450 r!ld is received over one 1.1eek, &CO rad er r.wre ever one l':ont::. or 

longer, tr.e mortality without tri1:::-apy is esti:-i<tti:O to bi: 5(;.": or .·ure .;;.a 

extensive medic.al care ·..iill be re~u ired. Thes~ are doses of ra,1 in a:.= cir.i 

::10t wi:1li:1e tissue do::;e in rad. 

' ... he ther s tudi~;; on mice ar2 .::pµlicabl~ to ir:an is not kn~·.in. ln i:-eci;:nt 

t;npublished studies, W'e havt:? inve~::i6at:::rj th~ influ1::nce ot varyi::g th::: ti;::e 

iat2rval from 1-24 hours between 2.5 Gy, 250 i(1/p x ray to 011ce, for & 'total. 

of 10 Gy. This is shown in Fi;;ure 14. At intervals of 1 an·j 2 r.oun. ~o 

r.:ice survive 30 d'lys. As the interval between the 2.5 Gy increr..c:::its .:lZt: 

increased, there is an apparent c;clic chanze in the tractl~n sur71vln~. 

\..hen the interval is 22 or 24 no'.:r-:s ul:t:;eer. t::e 2.5 Gy incre!'.lent, l'Ju··. of 

t::e r;ice surviv~. Fi3ure 15 sno•:::. ti:•.! ht!;:;ato,:..oi..;tic sto::::u cell (i~:Ll-::ii p:::r 
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lee; in norr.:~l mice and i:1ic::! re:c..:i·.·ini_; a sl:13le dose of 10J, :.::GO, .Jr Jc1:; ::·1.: 

and the mice receivin3 lCOC rad 1::· -i si11,~h: duse or lUOO met in fo:.ir :SQ 

rad iucrerr.ents 24 hours a:,i::i.r;:. ,;:J.. l'- 1.i\J r.:iJ aui.~«Jls die11 by the "tlth ::a:; 

after i::raJia.tion anJ t~~t! 3u::-vivo:s h~a ,1 Vt:!ry lu:..1 CFU-S con:.tnt J: at.,:...Jt: 

per leg. Animals rec=ivin; a :Si_ r..ia co:;c at :.!4 hc..ur int~rvals !°.JJ an 

equ':!l depression of their CFIJ-5, : Jllo.;e:i lly an ex;:on-.::ntL:l =-~cc,-..;ry :..::., 

cear nor~al levels by 30 d3ys aft:r exposur=. 

Therapy of \:hole Body Kadiat::>n Injury 

death in the irradiated anir.1al in the LD 5;; ran.;e. The co:::r.ie:-.i.sal -.irc;a:-...::.s-:::. 

living pri1~1arily in the 1..:astroiat<:::::.tinal tr3Ct ar~ til..: ''"~al org'"nism::i ~!-. .::: 

i<ill the ani;nal thac: is i::-radiat-:<:: in tl:e LDs:J ranee (ll, 26, 33-- 1)). Tc::, 

use of anc:ibiotics as an eftective tr~<it;!ient ·.;'ls first sliown ty -~ille::- C?t 

al. (!tl) with the administratic~ of st~eptumycin in ~ic~. 

dying t ror.. hemorrhage and ane~ia ::-" ther than inf':!c ti on in the a bs;?~ce ::if 

bactt=ria. The effectiyeno:::ss ot c:.::.ibiotics fo1..l3 oft as ~ne n..:<:i::-3 ~:::: _::_,~-0 

bacteria c:evelop resi:->tance to t:-.:: antibiotics being U!:H::·:l be.:.:ire :oae 

of \,;ater-electrolytes a:1a allti~io:ic tht:r.=.py a,;aiast trle acu::.e !.::~::st:..-:-.i!'.. 

:<1icr•Jor.;anis;:1s play a pro;.1iner.t r~.:..., in th<! i::"G•:sis o.t '1CUte int:= ti11"'.:. 

deat:1 in the rat, and thi3 :.;as nc;,:ified 1y th~ us<: 0f an~il)i...:1tic: :l:J1 

intensive adQinistr~tion of ~aler ~nd ..:lectr~lyt~s. 

effect not limit:;:d to r:od=nts. =-::?;s ha·.;~ been tro::.1ted ·.;i:ll ::;ucc:s:. 1 .;:.:.~ 

i::iprovC:!ment in mortality ~as obta!.::ed ty Coult-=:r et al.(.:;)), Ha:::-.om.l _.:..-,·. 

and Allen et al. (47). In ti:e 1:3:::er stucty, blooa c::-.-rnsr;;sions •ere 

co~bined wic:h successive antibio::.:~s. In vie• of t~~ fact t~ t ::::::r.iec~al 

oq;ani::ims of r.he in::.esti1~e aro::: fr:',uentl:; culr.ure'l fror.i c:.:1e :ilooc of ::::;c 

fatally irrsd1.ated r.1ouse, · .. ebster (4S) tested the effect of oral :;<:010::,r::i;: 

th~rapy uµon the r.;ortali::.y fr.o'.:1 <..:.0le budy x-i=radiation of ::-ats. Gr~::~o 

~o~es ot ~adlation were u~ed f ror 700 rad c~rou~h 2500 r~c. 

tre~t~:ent resultea in ~1:.~:1ift::an: ;,ro!<..:'1:~ation of tr:e r;.e1:1 s:..:rv::..-~l t:. '"' ::.: 

l.., 
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irraut.ated i'!nim.ils at exi"")su::es Let;•.::ell 300 an•: 15GU :::ic. After 1500 ='='d 

and 2500 raa there was a Sh::ill, but c0nsistent [.;rolon~ation ot t~~ mea::i 

surviv.Jl ti1:1e. For exposur~~ ~ • ..:t\.iee:i /:J•J an.1 llSfi rad, the 30-t:.l:: 

leth<llity was cc.ns1stcntly lc·..'er for ti1= nc0niy-:in-trt:-iteJ rats. .3or-:!r:s.on 

et al. (28) and ?er::::an et al. (2~) •Jiscu::sed e<1::li..:,r r.ave cleac-ly 

established an etfectiv.e t:~il.::renr. of tci:ally i::r{~iat~:.: a0c;s u::.::..;:i::= 

successive antibiotics, fluids, platelet tLt<1St'.lslons, ;!::a i.;r:ole '..looc '3S 

needed. Sha lnova ( 49) published an Lnglish-Lrn5uag~ review of al! of ::.:Je 

\./Ork dune in Russia b~fore 1975 on anr.itiotk the::,:ipy in c-aa!ati0;: !.n~·~=Y· 

The ~s:>er:ce of the ·,.ro?:k is: 1) apply broaa-sp..!Ctru".1 anti!liotics i::sur.:::; 

suppress ion of ;:,ic?:up ?:ol if era tionusing a puq,osetul 21 t.:rna ti on cf 

.:intibiotic cycles with diffec-ent pr<!parations; 2) use antibiotics to c=:3C;: 

bactec-ial static c:0rrcentr'itions of antibiotics, .tut only in t!:e c:,.;od ~:-:::: 

tiss;.ies but also in p l;ices of na tura loccuc-cence ot r.iicr~bes sucl1 u t::; 

gastroiatestinal tract and c-esp1rat~ry tract; 3) utilize anti~iot!:s as 

early as possible, and before infectious foci h3ve deve!.c;ied. 

The tfanage:::ent of \.;hc1le .Dody Radiation b:ucy ;.ir.h ~r \..itt:oi:: Cor.-::.r:e::: 

Burns and ~ounds 

As discussed !::arlier, t:stimates oft."'"" air-e;.;posur= ~ose ar.! .:if :.:.~cl.; 

value for: two re3sons. First, one nce·ds to kn,.M the cept.<-cose 

di.;tribution and secon,l, the cose esti;;:a::;:s are 0enerally ir:accun.:~, 

bearin~ on the hig:t si1e initLdl:: 'Inc t:-:-=n c'.-=·:~::-::.::z "" :'.1:-::-:~c. '::.:i:..c.-' 

and analyses are ~ade. 

The first see? is to deterr:iine t~~ severicy o!: tte ~diativn !.nj~:::- o;:; 

the basis of signs and syr:;ptor.is. If tner~ ar.: no abaoc-::al s:;mpto::s st.:::'-. a::> 

nausea, vomiting, or diacri1ea, the c:to.se o! raaiation is i;i. all 

probat,ili tyin t.':e suule thal range. Ii t!°'.':!r:! is sev.::r<! :-.ause:~, 10'''.. ti:::_~. 

and diarrhea as discuss~d e3rlier, th.:: ind:.viclu:.ils will fall into the 

severe gastrointestinal syndro•::t.!. Lt thf:! early syr.pto:;;at'Jlogy su:siGe.s .:me 

there is a feeling of ;..i~ll-being with rapidly dt.!"elopin,s changes i:! tt:e 

h':!r:iatologic .pictuC'e with <lt!·1eloping ly:.iphopenia, ~eutro:;::e:::ia, and 

thrombocytopenia, the indi·lictuals would fall into th;e he::atopoieti~ 

syndrorae. The following ttec-apeutic tt!~i~en is pruposed: 

1. If the exposure ii«:ol•1es contamin3tion with ra:ii0active ::::.t..:::: ... ls, 

th~ indi vi<.Juals shoulJ ~- c-0'1i tore<j f0r C'ldioci.: ti vi. ty a::c ':econta.·irn -:.~c 

as pc-omptly as µossible. 
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esti~3t~ the ncuunt uf r~~ia~~clices ~roducea. 

inclujing a co"1plete herad:.olu 0 ic ;:V-il:.;atio'.1 s~:;u:.j ix ctc;:~ a;:; ;..ror.:pt:y ~s 

i,JOSsible. Cyco,;enetic pr,;µ,1t...stions of ,.i:.r::cc ::u!.~ carro:..: an.; 

phytoheria(;luinin sttmul1t·.!j ?::ripr.enl bl.au-:! l::;-:.:;;w..:ytes ;;:10uld be set ;,;p 

lymphocytes should be obtaine~ while still available, beiJre :~mph~pec!a 

leukocyte cultures. l'he ::-esults of t::e tissue ty;;lng ·..11:: be usetul L.= 
r;at;:hi;-13 of i;ranulocyt<!, ;ilat~let tran.::;fusions :i:u t.'ie i.:enc.lficc.ti.:i:: c;::: a 

possible bone mar::-ow donur. 

4. In the e:Jrly sta6es, the fi:sc fivr:: c.:.:·s, .fluic.; :.:i.d .electro::;:::-: 

balan~e nust be monitored cl6sely ace r=stcred by c~e ap~:op~iate 

intr3venous or oral soluti~n. 

5. Revers~ .isolation techni<;i;es to preve::c !n;,::::-ess -· j;:.:li:i103er...s :::.=-

in i)n:•1enti::J.3 inft:!ctions :!.:1 ;)atil:!Gts :.::-:c.;:r5oint: t=e3t;1er:.: :0-: ::.~u~.:-:.:.;:; ::o:::J 

su bseq uen t. bone r.arrow transp L::.:1 t.2 :iur.. This :..:01,;:.c proL::. :.iy !::e a u.;-:: t ~.:.. 

proceduce in r.r.e event of a J!OtentiaE:: :at..:ll :.=::::-'!ci.:Hi.::::: :.ccict:!~t. ·-

comr.:en::ial and i:;ac::ogenic !.o-,ft:!<:tior.:.. ;.-.e:::ucc1or, in ci1e f,::s:..roi::nesti::a::. 

flora is d~sir.::ible, and t::L:; can t,,:: i:c-::o::.~lish"':; '..iith on~. nc.-:-ai.>sc:'iJa:_l~ 

nystatin. 

6. ?l.'ltelet transfusions, pr':fcr::ibl1· rres:1, st'!.ould :.e given \oll':en ~-;e 

plr..tel~t count ap;iroacht:!S 25,00G ard repeJ.t-:!d to ".iaintai= :.ev~:.s al::.::i-:-:: 

this. 

If the patient should beco:~.e ref rac to.:-:.· to l:'::mi::o:: donor p:a t~le ts, c._~ :.:.se 

of HLA-:r:atched i:;lat.·~le:ts ft".>1.1 unral.dt.;::J -:onors :ay ~come :iec~;;sary. "­

farr•1ly-::-.er:iLer transfusion ::in.--_,~:lc ·not ':0:: ac.!•.ir.is::..:rec untE ch.,, i}os::;i~il~-:y 

of bun~ 1;..'lrrow tr:1nsµlalita:::Lo:, :-.a.;; ':.::::=~. ·..!x-=l.ur~;:j ::-ec:ause s.ch t.r::;.r.sf-s!. ~::s 

might serisitizt! t:-;e patiet!~ to th~ ::.:-,::..~e:1s of "' ~ossibl.:.> :•Jnor. 

': . _, 



in p.1tit:nt'5 '...'ith a .:;ca'1ulocyt~ cou11t fallin:; ~d.v·.; 201.: •. 1. 

ti:<!Se ::ice not ;:ic.:.icti.cdl »!! any lat:'~·;: sc..il.::. 

0. Irtfi:ct.lon is the 0 rea test thre..i t to ': .. - - .. t:!. The <Jnstt oi 

infeo:tion in t:-:e ~t:':wulop~nic i)'it~t?nt. 

c~1ct~t:'i..ll int<:Ctiun, or f<!llt:!l:' SUStain~d r..Ot:'t:! :.·;in :_:_. !-,~.r3 is ~:1 l:":"J!.:"'tiJ:. 

for initiating syst=ir.ic antibacti::ri3l 'tt-.e:rapy '°''i:::n tho:.:~n r.•.;lt'Jt:'~s a::--:= 

ne~;<! ti ve. 

flor"1, initial tilecapy should ir1clud1: :iminog:;·..:.Jsi;~ ai:t caro.:::r.i~:.L.i::. :.;:::::..: 

aool:::.ional antibiotics being adced as inaicat~:: by bact~ri.Jl cult~::.: 

s~nsitivities that 3re obtained. :f cul t'.J::-es =<=e :!egat:.·:e .:or fe·.--:0r 

or with a::.pho tericin "r.::iy be co:1sid,,re<J. 

·:ir!tibiotic the.:'3Vi't it should '.J<: con:inuec :mtil c.:-.e e=::onulocyt: ..:o:.r:::. 

t~~ ~a~uzlobln ~tov~ 3.5 S· 

E. ~ - _, .:; ... -
..... .. -- .......... -- -

qo~e bt:: wit:.ir: tl-.e li;nits of r.:::scut: ot bone !"".3==v1. tran:o::;L1:-.t;:i.t.ir.~, 

DP?t:'OXi~ately 50G-2~00 rad. ~elo~i ii GO rac i:.~.'!.::.i t:; is :.:it S':.lf!: L:i':~.:~::-

r.o r.:-.erz.~y. 

icentical t~in is t~e ide~l ~0nor. In on~ irr,_-:iation ;:.~3cal~ e::::.;::.s~::. tc 

transfusion of ~on~ m:ircc~ tro~ hi3 tw!n. Al t~ou;~h rad:!..lti~n do'.o:: ·.:<is :..s~:: 

a:.r;v; a:; an ir,;iicatio'1 tur bone IT'arrow tt:':inspl;:;.;tatiori, it is tu:.; nc:.=:::i 

,' 

~Llf .. /.-:r. :.Ji t!l ~ny r~e:;sr~.:; Of certainty :.ii{~ th~ rJrJ.S...::3 u.:~d ;;.:._,:,.v~ · ... ·~::--:::: :.a;:~·: 

e,.:µ~ri".'.•~ntal ccnditiuns wi1.::t:'~ r:.di'.jtton W<:!S n;:i.•1er<:d i:-.;; r..;!n:-t.::.r t::. -=--·-, 

un!f?r~1 ·..it:ol~ '..ocy 1istributivt< of '.lhsvrtiec ;:.r.7::::;,y. 

11) 



He~1atopoi:!tic ;:olecular ?.e1~ulaturs ir. tht: Lana~~e1aent of tt.e Lone 

~arrow ~ypoplasia 

have been iclenti~ied, puriried, sequencf::!d, anJ by recor.ihin:mt :, .. ,. 

t1;:chniques ar:.! b.:!ine prutiuc~d in large ar..ouuu. Thes<! ar::: interleukin-:. 

and. 3, g ranu 101.:y t2 - 1::a -:ruf) ha;;~ c. lon:,;-s ti ~.;u la ting tac tor, macrophot:~ 

colony-s::l1iulatir1g f;ctor, e.ranul')Cytc color:/-Stl:r,ulatir.:::; tJct0r, ar.d 

erythropoiein. Interlt!ukin-1, <1. ;..roduct ~riiaarily of '1Ctivdted 11.cr.ocy::::: or 

produc: granuloc::te-r:i.:icrophage colony- st!.;:111L1tin; tact-.Jr• The Litter 

accelt!r::ites the preiuu.;::ion of gn1:-.i;locytt::s and r.iacrophai,;es in vitro anu 

upon in' vivo administrdtion producas a Jranulocytosis with acceleratea 

production of granulocytes. It a~so increases the effectiveness of the 

functional sranulocyt:s in phagoc::tosis and cact~rial killing. Granulo:.:_ytc-! 

colony-stinul.-1cin~ ±actor acceler;:,tes i=i. vir:ro ti1~ r,ro<.1uct.i.on oi. 

granulocytes in coloni<:?s and in vi·10 accelerates the ;:rf)::::;ction of 

~rar,ulocytes ·rnd ir.•prove::; Che ?h<".;:icytic and t:.:..::::erial-{.illin~ ca:;" ... itie.s 

(5J-55). IL-1 has been used as a ~aalo?rotector. ~ten ~cwinis:::~ce~ 20 

hours pr4-or to ir::aaiation, IL-1 :'.'-!rns i1 r:e3r lQG'.; let!-.dl dose of r:i:;ia::iur:. 

in the mouse to r1ear 100~: sui.·•:iv:il. oc 

4,3 hours tefore, it is ineffecti.V'c (SU). G~i-CSF and G-C::,: i-.av.:: b<:!::a 

4-5 ti.~.es the noc.Hl l<:!vel as lou,; as the r..at•:!ri;ils ar~ aaninisterec. 

h<ls been. given to prii:;ates anc! 11i:e ir. '..;hic!1 tJ::e narro;; :1as been su;:i~ro..:ss~a 

'by raaia ti on ur ch'::•·•icc, l.s and the ;:;ranulocy te cvunt$ are increased 

(51-54). Erythropoietin has beeu s:io:.;n tc te of r..~jor t;;ne!it in 

sti:•:ulating t.-i;:: proauction o: re" c""ll.:; in indlvl<Ju'1L: :.:ith se•;::::re ~r:;!r. . .:..:.; 

as a result of ren'il fail:.!re ( 55). It is assur;;ed tr.at t:~.:!se csc;ents •Jr 

cor1bin3tions will L::: of ;:>otential •;t:netit in tne tre<.ttr,..,~t of inciiv!tlua.:.~ 

•..ri th bone rr .. 3.rro!..' suppr;!:;sion as a :::es•Jlt of. whol<! boay l.:::::-cidL1 t.'..on. C<L ~>~e 

other r.and, it is conc.:!ivable that forcL1g cells into r.:i::::is.!.s kfor<! Gi\.~ is 

adequately repaired may fix genetic injury and re~~lt in eith~r an early 

failure of the r.iitotic ca;;acity of. plurirott!nt sti.!::i c<?ll3 or an earli-::r ::m<J 

increas·;::l incidence of leu'.~emia. ·;:-iese· :.t!'."E:: ;:iossil>iltties that ;ieed to to.. 
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Fl;ure l. Sche~atic ~r~~entacion of r~diation syndromes produced by total 
body irr:idi:1tion as a f1Jncti0n o:: dosl! and tine after irradiation 
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Figure 2. Sequential neutrophil counts tn dobs expos~d to nucl~ar ~omb ~a~~~ 

radiation in r~l~tion to ~ortality. 
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Figure 5. Schematic pro:?seutation of li~ely and unli'.,.ely radi;ition l.::tl«sl ~.;:se 

curve:; for man fro,11 Cron~it;,: anr.! toc1i.i (25). 
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Figur~ 7. Depth-Jos~ curves for 2<JG 1'1/p x t..iy expr<!SS.!ll as ,,;~rc~nt of surf.~~ 

dose for unil.1ter.1l and bil.it~r'.11 radiation <:XiJ<isu:-e fror.a lor-.io e:. 

al. (34). 
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Fi.;ur;: 9. Comparison of depth-dose :::ur·:es in :!asoni te ph:Jnt.:>m cxj.lrc:s;~d -i:l.S 

percent •Jf entr.in:::e air d;:is~ for :Jiv.;:rse sourC<!S 'Jf :-<sdia~on ::ro"=l 

Bond ec al. (34). 
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:·igure 11. Inher~nt ~:imma emissions fru .. ; fallout ('.'.1ixed fission pro<!t:ct.:;; and 
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FiGure 12. r.epth-do:.e ::urves for falt.)ut fielJ and boob ga=a rarliati:m. The 

Jose is expressed as p~rcent of the 3 c~ dose b~cause of t~e ~~;h 

b.:::..i conponent ..tt th~ surface fro;:, Cronkite et al. (4). 
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Fit,urt! 13. The .:iccur.1ulation of radiativT\ dose in air :ss a function of th•E:: 
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illustrate repair of lethal injury. 

Figu:e 15. 
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