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utility. It is mucn more e c o n o ~ l c ~ I ,  tharefore, t o  coU.:ct 
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Bionhyslcal 

In studying the biological effects of l on izhg  radiation 

ai all tTpes it Is obviously u p o r t a t  to astabllsh eqoallty of 

dose on a common basis. 

rag dose based on the Ionization produced In a i r  under asrta- 

condltfons. 

radlat im. 

The roentgen I s  a unit of x-ray or g a l u  

It does EO: appl;l t o  other types of icmlslng 

l[n the ulttmate a n a ~ s i r  the energy sU30rbed 8 @ell 

or a tiesue exposed t a  rndlatlon must be re9ponsible for the 

BiologicP-1 effect pro?uceC. Therefore, taking energy absorbed 

p e r  gr'-a of tissue " c :  thn PF??? b s z i s  z!' Gose shoul'e g i v e  the 

8 h j l e ; s t  correht ion between dcse a i  ef fect .  he m y  call this 

the tissue dose. In the c?.se 9f high vo l tage  x-rays ELbsorption 

In soft tissues and sir tekes place l?-rgely by the Compton 

process .-nd the enerzy absorbed by m e  gram of' tissue and one 

g r m  of air, under the  conditions l a p s e d  by the definition of 

t h e  roentgen, is nearly t h E  szme (th-t is, propor t iona l  t o  the 

electron density.)  

therefore, the electron denrity - 0f Uvlng tlrrruas rarioa te 

sore extent (the extreme being the difference between soft 

tissues and bone) it is expdlent  t o  t = k e  the energy equivalent 

of one roentgen in terms of oae graP of air* as the unlt of tissue 

dose, This is approximntalr 85 ergs per gram, the PmcertaintY 

arising slmply from the uncertainty in the averaga energy lost 

Since the chemical composition - a d ,  
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by :n e l e c t r m  In producing 'ti l m  p i r  i n  ,Ir. Be msy now say 

th. i t  :?hen, at 3 qlven  ?- l in t  I n  a tissue, t h e  energy absorbed is 

35 ergs p e r  g r u n  of tlssce, thir- tissue 5 a s 2  1: one rqentgen. 

The same unit of tissue dose msy be use12 f o r  a l l  t n s r  of 

Ionizing radiation. 

a p p l i e s  only to x and gammor rays, we rs j  call I t  the "tissue 

To dlstlngulsh it froa the roantgen, hhfch 

roant gena, 

tn tissue roentgens it is necessary to determine the energy 

absorbed per gram of tissue a t  the point of interest anc! under 

the conditions that obts:? d u r i n g  the Irradiation. In g-ral 

these corditions are  such 2 s  t3 make it d i f f i c u l t ,  if not 

?r . .c t ice ,  'This methocl is gel;zrally r-.cognlzed now OS the aost 

suit3ble for the yp-mse .  It errbodies the use of an i on iz . - t i on  

chamber of seecis1 eesign, c a l l e d  xn @e-at ranola t ion  chaaibern 

because in principle the f-1 result I s  obtained by extrapolation. 

The practical a p 9 l I c 3 t l o n  or' this method t o  specis1 cases I s  not 

always simdle. The dif f icul t ies  are largely in the construction 

af -.r extrapolition i o n l z a t l m  ckrcber thnt truly rey?resents 
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the physical conditions existing in a tl.ssu8, bsofar as the 

absorption 3f the  radiation in question is cmcerned. The most 

s a t i s f s c b y  chamber is one In -rh:ich the wall aatsrizl contains 

all the cheeical  elements of a given tissue ln the correct 

proportlonr. 

gas in which the iania8tlon is measured and other advantages In 

There are certain acivantagsr in using a ir  as the 

using a gas mixture coataining all the chearicrtl e l a w n t o  of the 

wall material In the correct proportions. 

In deterafcing the snrrgy atsorbed per grcrrr of  wall 

material (Pmd therefore p a r  wan. of tissue) from a mearPvarrnt 

solid w a l l  and the gas m e d i u m  of the sme  canpositim.) 

The accuracy w l t h  which tfstuc doses may be d e t e m h e d  by thfs 

method depends large4 an the accuracy of the roluor c b r c m  for 

these quantities. !The greatest uncertainty arises in the case 

Of heavy XlllClai b I I o t l O A  by fas t  AeUtrOA -act8 Or 

o t  herwlse. 

material in 

We have succeeded in n r e p y r i n g  a tissue e c s i v d e n t  

rhlch a l l  the elements in a given tissue can be h a :  E?+$ p. ' _ l j ~ f  
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t nco rmr2 ted  in the correct progortions. The material c-tn be 

used 8s 1 wall l i n i n g  in any gas t i g h t  i m i z a t i l r ,  : kaPe r ,  

S u i t a b l e  gas Boixtures are not 1 lfflcult tc obtaln.  The Yuestion 

of stopping parer and mergy spent in produelap an ion pair ,  

erpeclally l a  the case of neutrons, needs further investigation. 

It should be noted at this p o i n t  t b t  until now I t  

baa, been customry t o  Y.AWUT~ fast  neutron beams for blologicul  

purposes in tarms of the IonIzatlQn produced in a 100 c Victoreen 

e h ~ b 8 r  oa l ikated  In r-*gens. When this chonbr red8 1 r 
i t  i r  saki t h a t  the neutron 32-m dose is 1 an". To r8,tiwk 

smeth ing  &;.3praachizg t h e  tissure dose (as 5efined a+-) it has 

fcrr all cordi t ions zab p h r t i c L L r l y  Cker, the neut ron  energy 

spectrum is ait'r'orent. T h i s  meas th': the ioxiizatian chamber 

m u s t  be properly Zesignec! to meet the re;uIremmts of each 

particular case. 

an< fGst neutrons do not, In genera&, produce the sme biological 

ef fect .  This is attributed to -1 markecl l l f f e r e c c e  in tne r;Lvi-,.;ige 

spec i f i c  i o n  Censltg d o n p  t h e  F l t h  cl.f t h e  ionizing p z r t i c l e s  

liberated ln the t ls8u0,  in the two cases. It follows, therefore, 

that the measurement of the tissue dose per se oven under the best 

C O n d l t % & 8 ,  does not permlt one t o  predict w h a t  the b~ologlcu~ 
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a fair estiroats of the relative proportions of the total ion- 

ization produced by electrons, p o t o n s ,  and heavier r e c o i l  

particles. 

have tc be developed before one o m  appraise the biological  

Suitable methods t o  obtain this bf3rmution w i l l  

effectiveness of a beam of ionizing radiation of unknown 

conposition or cot~gosed of widely different ty?es of raGiation. 

r&!EwkL 
It l a  obvious tMt chenlcal changes rust take  place ia 

Irradiated t lsaues.  I[narl&ge af there chemical changer would be 

U l c  c_ great $.ea1 of work has been done in this field, the 

effscts, czuse extrehely s r ~  II changes in chea;icci. sgstcma 

lrrndiated in vitro. Cnemic:;i ch-;rlgec in tlrruer -td ia 

vivo are d s c  l i i f i c u l t  to d e t e c t ,  For the moment it seems 

that the direct a p p r o w h  i n  linjrlng chemical chariges with bfol- 

optical sffects I s  not very productive. Nevertheless exploratory 

work to Elscovor cew nethcds of attack shoed  be encouraged. 

We w i s h  to p o i n t  out now one chse with chmichl  erpermenr;s 

Lire c%rt.iifi t o  p r o v i d e  u e f u l  L n f ~ ~ ~ ~ i - ~ ~ i .  ?rGct:c;lly EO ... o r 2  

hes bier, +.me u e e r  c m e i t i o n s  that  permit the coraparison of 

the chemic;zl effectiveness of radlatian of widely different 

\ 
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ch7osine the proaer irradiation factors the @tissue9 doere in 

the chemicil sySton! nay be deteraintx? w i t h  s u f i l c i m t  accur3cy. 

Furth?rrors, 5;' u s i n g  CL laet-!imt sinllar to t i s s ~ e ,  i n s o f a r  RS 

chezlcal elements are concerned, the physical factors eould be 

mads comparable to thoje obtaining in an Irradiated tissue. For 

the biolosical effects  of ionizing radiation, practically nothing 

is known about the rechmklsm of the reactions. The %it theory", 

which has been found useful in b t e r p r e t , i n q  genetic effects, 

By: K. A. Water -1 
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does not he12 in the case of chariges brought sbout ln a mas of 

i r r a c i i i t e d  tissue or I n  t m  whole body. 130;~ t n e  normal functions 

membrane 01' faod -::J xaste  2roducts 1; oL??osIte directims. 

Gterference with this process by r=.c':Lcion nay be broeht about, 

of course, In many 'E'RYS, d i r e c t l y  or indirectly. 

conditions of irradiation, ev+ry p + r t  of the cell aud I t s  

Unc!er ordinary 

bmediate surroundings receives energy. It Is rersonablo te 

ii;= tarmbriine mus: c,?utributo +,J the c1"i zct. E3y irradiating only 

a l g b  ray p L t e .  

It I s  well mown that all types of ionizing radiation 

611 effect that map d i f f er  in Lind. 

of' bone repair by plutonium and the more rapid heallrig of skin 

This refers to the acceleration 

Sceciai Ferevmt:y 
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lesions Ineuced by r a d o n  ointment, 

e s tab l i shed  ind more sork should be done under carefully 

Theihf i ec t s  are not roll 

controll-.d cond i t ions ,  on ciccount of tneir ? rac t i ca l  U A ~  

thooretical Srplioatlonr. As a source of alpha particle8 

for such experiments polonium I s  preferable. 

It has been shown that the biological  ~ f f s c t i r ~ s s r  

of fast, neutrons fs, in general, greater than 'chat of gamma 

rays. For somli3 biological effexts I t  is less. T h e  results 

of our axperlmants i i L  $;nick mice were exposed daily to fast 

nsutrona Indicate th2t eye i n j u r y  (cataract) and sterility 

ure produc?d more r e a e i l y  thIc in ths cks" of x-rays ( w b e p  *&e 

dose is so  : f ju . - ted  t h n t  thc change In bloo: count, for instance, 

nuntrical Sifference in t o s ~ q c  17 In orZer th3t proper allowance 

may be mabe i n  the permissible Gaily dose f o r  fast mutrons* 

Xa view of tne Pact t h i t  fe. wormrs ori the project lure 

-en accidentally enrosed t o  fairly large doses of' neutrona, 

it i r  1 5 ~  incGortant c!!ec,eroine ahether t h e  same ratio of 

eff2ctivsnzss o b t s i n s  for acuts exiasuras. ,x3crir;ents 

? s s l g n ~ . *  to provide t h i s  l n f o r m z t i m  hsve : lre~c!y been 

s t  rtcc! In 3ur lahorztory.  

Kith moderate doses of ionizing radiation, blologieal 

InJury Gccanes evicle:,t sfc5r the &-psc of Cays or ever? weeks. 

Xt should be possible t o  alter the course of the reaction by 

intErver:t,il2z ,;wing ?K:Iz 1 .tc xt ; TI-?. Thus: far no eff :ctive 

this r e s u l t  hss been found. It is not 
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l i k e l y  that the problem wlll be solved (if ever) until we 

However8 the t c o  f s t a l  acci4e;,ts thit  have ocaurred on the 

projeat and the possibility of others, jilstiP7 almost any 

itteapt b this dlrectian. 'r6e wish to suggest the followring 

experiment 9!5# parl'm?s, eOPrethhg better t h a  & "8hot %Xi 

dark.e Borne yearm ago Dr. Temple Fey ruoceded in Ireepkng 

patients at 3 body temperature considerably below normal for 

rather long psrtods of time. 

oertainty thit the 1;tent perioC 1~111 be longer nhen the boCy 

I s  kept a t  sutinoraa:.1 t a p e r a t a m e  fo1lo:ing irradiation, 

It may be prediated w i t h  toasonoble 

t i s i u n s .  hrtorlng th: c3ncentratl.on8 the'tissue dose c:n be 

determined Kith cwsiderable  Bccuracy. Many stui lers of the 

concentratLou of racioimtopeo ia dlfferont wgrrsSlbte bon male 



thr? tlssu; - lf such e x i s t .  Othttr thlrrgs being e,uaL, the 

,str.,cture - i l t i i  t i le . i i g n e s t  c m c e n t r x t i a n  w i l l  De ' :.aag.ed most 

S ~ Y  rely.  The matter of  local c.>ncentration - or wi lz , t  y be 

better c a l l a d  irregular local concentratlm - bs17mes greater 

iqortrnoe the less penetra t ing  itr the r a e i a t i o n  emitted by the 

isotope, In the ease of subst,lilces emit t in$ very la.: emrgy 

doses produced by tha r;;?fation i n  body org5:;:s 01' r t - L t i v o l y  

hiqh r a d i o s e n s i t i v i t y .  Fur inot ince  in the case of 1QO Yov x-rays 





and trained according t o  their particular requirement## (1) 

ProfeasSi-1 and ( i )  Techdca l .  Among trra f i r a t  group would be 

p h y ~ i c i ~ n s ,  bialogists, chimists, p k j s i c i r t s  o t c . ;  in the 

recond would be laboratory technlcianr w i t h  llnit.6 reiontifle 

&elground. Special eoursaa of' trciining rhoulU ba inrtltu%ed, 

but In ull ~ost98  lastructlm on tha health haSmd8 peauliar 

t o  this work rshauld be included. fxl  rr;ait;ton t o  tho trt.blag 

8chools th&t may be s e t  u;3 l n  the large cezitcsrs (ruch as 

Oak Ridgo) there should  be ci~al ier  l ~ t o ~ a t o r 1 * 8  dirt?,ikrtul 

throughaut ths country, In which 

trainee. 

small number of lam m u l d  be 

of r a p i d  progress, re ,uts  froa the different laboratorier 

should b*i circulated proartlf. Also, provirions rhould be 

msde for t rave l  pf gerrolut.1 and ci stay  in another laboratory 

of sulYiiciwllt i u ra t io r i  to mzke tha  excrange of tnf'3rmetiai or 



aore,sr& Q r ~ b l ~ m  
Our e x p r l e a c e ,  personnel and laboratory facilities 

enable us t.3 h v e s t l g a t e  to advantage the problems l i s t e d  below. 

Bow many of theso we can cmrrf out rl~~ultoaoourly am¶ what; 

progress we make ril l  depend om the funds a l lot ted  and on tha 

assured duration of f lnamial  support. On a year t o  year 

basis we would not undertak8 t o  utat;rb a N r h  larger rtrff 

Since the game uestlon coma8 up in owljunction with all 

research activities, #e would urge the Moria Brsrgy C o d a s i o n  

to inst i tute  a ?lsn aht.rew long term program can be s e t  up 

in r ' i f f e ren t  l L h o r 3 t o r l e s .  

H ' h l l s  a l l  the p r g b l m e  l i a t e d  below are Important 

and C o m  under the u l a e r ~ f ~ c u t ~ o a  of rrdlo1ogical r 8 8 t ? ~ e h ,  

which I s  the f i e l d  of' chief intarest t o  118, there are sone thdt  

we xoulc! not undert3ke without t government contract .  They '&re 

the on3s thit involve repetition of an experlmentbl procedure 

In order t o  obtain more data. 

prablem i s  tne Cet+mir ia%ign of tlsaue dose in the czse of 

A n  example of tnls type sf 

to obtain dosage d a t ~  l a  the case of the few isotopes usee In 

our bloPoglcrrl oxperiraento. Bowever, from that po int  on 

sin.il;lr e r t ?  f:r o2nt.r lsotapes c L .  L-? a b t - i n e d  rearlily by 

I1 1 0 3 2 2  



fn the c a u s e  of an sxperila-nt It haFpens sometimes 

t h a t  by a little mre nork one may obtein suff ic ient  data to 

1Crtmriona of this rort 8hou.ld be 8Ilowcad mc! encouraged, 

chambers with special charactezlstlcs t o  m e t  requirements of 

d i f f 8 r - t  dosage problems, (e.g, Yeasuremsnt of tisruo dore 

lr. m l m l ; l s  expssed to fsst n c u t r o r s ;  nea~m-i'z:~:~t  of n;utron 

h*.rsratnatlon of chscges ir l o c d  dose with changer 

b (1) tirrue aoaposition, (2) tissue geometry, s f th  nsutrour 

of different energy smetra. 

contributed by secon2ary electrons, protons,  aad heavier 

recoil  nuclei. This is quite 8 difficult pmblem, Rough 

meam. The beet method of s t t a c x  I s  t o  use a Wilson cloud 

chamber with tissue eru iva lent  wall8 gar. 

Qualitative crtimatton of the energy speatrm of a 



redloghosphorus sa far. 337 thc  sr2 of June 1.947 we expeat t o  

ft bo runtlon?d In this connectiorl th: t under 

proper c ~ r . d i t i o n s  the tissue dose  is 

of &lsiutegrLtians Fer secand per grzs  or' t i s s u e  and avcrage 

eneryy of Seta p a r t l c l c  Ter blslritegration. Thr.arzfore, kno~ ln , r  

tha lr.uto..zs concentrztlm in millicuries per ;.ram, one c-An 

aaleulete the average energy per dirintegration far any beta 

ray isotope from the sImpla mearwement of the tissue dam, It 

would be useful to provide thie inforratlon for iricluoioa ia 

isoto e t b l e s  - at l-1st for 511 b - t i  r <y l s o t a a z s  of riasonsbly 

ro;artional tc, th6 proc'uct 
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long half life. A t  present on17 the maximum energy of the 

bcta ykrticles is l irPtsd (and incidentally the accuracy is 

not a I ~ a g s  h igh) .  

the isotope concentration I n  teras of disintsgrotions par unit 

tine. Therc Is room for soriolderable Improvement in this, but 

it I s  only PL matter of time before the preront sqerlmentd 

difficulties are ironed out .  (mteny otiiero are working on this 

fn the human body radiostctive isotope8 i ro  not 

necessarily distributed un%forml.T, ~ n d  high concentration mag 

be limited t o  a svlali v o l ~ o .  In this case it I s  m r e  Cifficult 

snoulc. liks t o  attack this 2roblen: and provide data for 

practieGl use. (One method rill be dlscilssed below.) 

Obviously I t  is just a1 important to b o #  the tissue 

da8e when gama ray e . ; i t t i n g  lootopas &re introthcad fnto the 

involved, but xe hcve definite plant of attack and re oxpect 

t o  undertaice the work an noon as time p e w t i .  

intarest t3 jY313w the s p e e l f l c  emission in terms of roentgens 

per second per c u r l s  e t  1 cm. from a p i n t  eource. This 



There 3re co::sldeszSle p a c t i c  difffcultioo in 

attack& by many laborztorier and ercantuslly I t  will be 



The obJec t ive  in mind. has her. explained in the "Introduct- 

ion" where i t  has been 2olnted out, also, that tho rerultrr &re 

bound t o  be of considerable bterar t .  

E o  m u  gtuf& af a & # # d  &QCUU*Q IW XU#t aW%rOR(1 

Prom our pravfous sork i t  appears that there two types 

@f in&ry are c l i f f ~ r o n t i ~ l l y  Bore rnshrked with fast neutrons than 

with x - r a y s .  Further study Is very deairsb3.e for Braetical relasons. 

!?ha work h8r been r ta r ted  and rill, be 8xtmded to got  

r s l i a b l o  thta em the x/n rat fo  under the Irradiation conditions 

a p t  t o  be encountered 111 practice, W i t h  *he ram erperimental 

~atetfal (and if necessary sorm addit ional  experimentation) mi 

a t t z  : dlll b-: L - L ' C  t; J C Z O L L U C  f3r ttifb o i f f a r & k t i u i  ot'fest. 

F. Study of the Blolonical Action gg Ionit- jgadigtion 

A prooirfslg re- attack in this difficult grobfcaa 

is t o  study the influence a t  r.dia%ioa inJury l imited to  the 

aembrme of 5 c e l l .  

by irradiating the nterabra~~s of Arbscia eggs with alyh.3 ;)zrticlGs. 

In this Xisited form the experiment fs *:uite simpla, 

Tl't is  c a  be done only i n  o p e o l a l   ease^, e.g. 

Another mthod of attack we are p l a ~ b g  to  1181) 

l f i v 3 l v - s  

eoa?oun<s labeled  ritL r d i o a c t i v e  isotopes, 

transfer in normal and Irradiated c a l l s  rhould prorlc?e valuable 

lnf ormation. 

s t u - y  ~i t-it ,c,ssage tiuough the (2.11 rerbrans of 

Comparing such 

S$K 2 1  r 
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C. & A t t e a  fLe Deduce -ate Jtadiatlo nzILU42 

3ractfcaily I2OtkiKAg cclri be dorm a t  present t o  

prevent or materially reduca i n J u r j ,  once a person has received 

a large dose of l x i i r t n g  rcrdiation. In aase1.4 In which the over- 

o x p o ~ u m  i8 ruah th&t a fa ta l  OUtCOOZtit u y  be axpeuted, almost 

any a t t e q t  t o  moderate the radiation reaction is Just1fi.d. 

It is postlblo .. although not very probable - that if, 

fo1lokvbg tho exposurcr, tha patientto body is kept for tome 

t h e  a t  a teaperotur8 oonsiderably loner than normal, the 

ultimata radlation injury r i g h t  be lens severe. It bas  beer, 

demonstrated by Temple Fay that the "cold treatment" per se 

Is reci~~onsblp scfe. 

x. F o t e c  t i o n  pata f o r  the Safe &&ling pi adioactive Iljo_toilek 

&mL!Lui- 

This involves the roarurement of dosage rates a t  

dir f i i en t  G i s t a c e s  from vdrluus sourcas under the conditions 



a p t  t o  be encountsred in hosnitals m d  biologlasl labor- 

a t o r l ~ s .  

Z i z ; - l e  protective d e v i c e s  w i l l  be develo,;cd. 

(Tnrxagh cxprierxe we know a gooc! deal :.bout t h i s  

problem alrzady, but additional work Is Indicated.)  

J. Braining pZ p e r l t o w  

lie aro prepared t o  do mar #bra  in the training 

of pasomel .  The program should bo corrol8ted with that 

af other laborater%or. 

Tfie ut11 be g la0  to t re in  n w  Torkcrs or amhers 

of othT;r laboratorier in s2ecIral techniques peculiar t o  OUT 

labor :tory , 
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WE w i l l  be glad t o  mhke messuraments on new 

g5nerators of v e r y  high eraergy r*Adlstion t o  provide data  for 

personriel protection. The methDds and a p p ~ r r ~ t u s  ne have 

devalo;)cc! ,.ire 'J rticulcirly desirable tor this purgose, 

It +,ill bz ncxosszry,  of course, t J  d~ this sork wherever the 

source Gf raGiatioii  happen8 t o  be. 


