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1c Speolflo  io n is a t io n *

The e f f ic a c y  e fra d ie tio n  in  producing b io log ic  e f fe c ts  v a r ie s  
w ith  th e  d e n iity  o f io n isa tio n  produced by the in c id en t ra d ia t io n ,
The d en sity  of th e  im i ta t io n  so produced along the  tra c k s  o f  th e  |> 
io n is in g  p a r t ic le  i s  termed the  " sp e o if ic  i o n i s a t i o n /  end a  separate  
re p o rt by Z irk le  w il l  appear dealing  w ith  th is  phase* In g e n e ra l, |  
heav ily  io n is in g  p a r t ic le s  (alpha p a r t i c l e s  end protons re le a se d  by 
i a s t  neutrons) produce g re a te r  in ju r io u s  e f f e c ts  in namrala than no te  
weakly io n iz in g  ones (hard gam e rays)*  There are excep tions t c  th is  
g e n e ra lis a tio n  In  lower organisms depending upon tho b io lo g ic  c r i te r io n  
chosen lo r  s tudy .

,, -• j  \  ‘, ' g  - ■  • • *  " G  .-
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The a p p lic a tio n  of tho sp e c if ic  io n is a tio n  f a c to r : i s  b e s t  exempli- 3g 
f le d  in  th e  g re a te r  e fiec tiv en o se  ol f a s t  neutrons (as compared to 
200 kv *x-rays) per u n it  o f  exposure in  producing, i  e .  e i th e r  le th a l 
e f fe c ts  or blood damago in  the r a b b i t .  Here th e  r a t io  o f  neutron 
to  x -ray  e ffe c t iv e n e s s  is  u^pruAiiaAtely G -  7 (from work in  p r o v e n  
by fclrklo and Jacobson)- S tudies o f o th e r  o ff s e ts  in  vo; ious or^snisrat* 
have been nede, ana the r a t io  i s  not alofcyr constant* For reasons of 
eafe ty  th e re fo re  we have Jijuinisned the allow able or to le ra b le  exposure 
to  fa c t  neutrons Vy a fac to r of li> as compared with th a t  o i gaw e ra d i . i t ion.

2 , The E ffe c tiv e  P e n e tra b il i ty  o f the hud le tio ru

Whether or no t ex te rn a l r r d la t io n  w il l  produce b io lo g ic  e f f a c t s , , 'h/  M  
and a lso  th e  n a tu re  o f these e lfo c ta ,  i a  dependent upon th e  a b i l i ty  of 

* the ra d ia tio n  to  reach  the  t is s u e  in  q u estio n . Although alpha p a rtic U - . t  
are  h igh ly  io n ii in g  and d e s tru c tiv e , th o l r  range of a c tio n  (a s  from C or Fa 
ie  small (approx .- „lrca) v/hen th e  x a d ia tio n  is  e x te r r a l .  On iho o ther 
hand rhr-n the m a te r ia l which ia  a lp h a-rad io ac tiv e  i s  d eposited  w ith in  
the body in  a v u ln e rab le  organ ( i» e . bone narrow) the  U n i te d  range of 
th e  p a r t ic le  i s  no longer so g ro a t & fac to r^  sij^cc tho  e x te rn a l  sh i«  . 
o f th e  body (ak in ) i s  not a b a r r i e r .  S im ila rly  the low energy beta  ruys 
cannot pen etra te  th e  sk in  to  an e f f e c t iv e  depth, bu t th e  rone beta 
em itte r deposited  in  tho bone or th y ro id  gland may be most .In jurious*..
'These are  examples of 
fu l ly  by Ur* Colo in  a

■ K

in te rn a l r a d ia t io n ,  and th i s  w i l l  be diucuitssd.
:jiip jf- 'seo tio n - ^ i e  e fiv o tiv o n ess  of la rd  (high 

energy; gamma ray s  pei* u n it  d e n s ity  of io n iz a tio n  nay n o t be as dan 
ing ae s o f t  (low energy) x -raya , b u t th e  p e n e tra b il i ty  o f th e  raya of 
h igher energy, reaching more vu lnerab le  reg ions in  th e  bbdy, may k  a  
moro deoiding fa c to r  as a hatard  than th e ir  le sso r degree o f  sp ec ific  
io n iz a tio n ,

For d i f f e r e n t  q u a l i t ie s  of r a d ia t io n  with varying geouw triea, m k e r  
has c a lc u la te d - th a t fo r e^ual curl ape dose th e re  ro a u lta  from?
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S o lt  sc* rays from large distance -  - -  -  •*'approx* lid " !

Gama rays . * w’ §  " f  -  -  -  -  -  f 2 ,5  jf , : / [ -  |  j j  g

Gamma rayo from point source at 100 cm. ~ ?,9

Game* rays ” 14 * fl W a * -  0*f

. ;Thc above are examples o f  certain  physical f>iot«rc (wave length  
and geometry) which way a lte r  th e degroo of io n isa tio n  In the expo 
Individual, and thus vary tho b io lo g ica l *J teotivon ess of the ra d ittio n

3, Xliae Factor.

There are two components to  the tirw factor in  radiation exposure 
which need consideration, Those arc (1) the dosage-rate and (2) the 
total duration of exposure., g.

By the dosage-ra io  i s  meant the number o f  roentgens per ur.lt o f t '  
tim e. There I s  no experim ental o r c l in ic a l  ovideuce a t hand to  in d icate  
th a t  th e  d o sage-ra te  has nr.;* outstanding e f fe c t  upon th e b io log ic  r e su lt  
achieved when a l l  other fa c to rs  remain constant.,

t t »  to ta l duration of  exposurr to  tho rad iation  is  an add!tier''! 
fcimo .a c to r  a p a r t irom use uot>a(,u-tuto*. i t s  aniiuenco upon t id o r iu  
e f fe c t  i s  marked, and i t  must be rccko^d with when radiation is  used in  
tho treatment o f  d isea se , or when one a ttc ip ts  to  e s t -b lic h  limit.-; cf 
to ler in ce  for exposure to rad iation  under working condition*

The " tota l duration” fa cto r  can host bu il lu s tr a te d  trhsn t e  speck 
of tho "‘.oleronce dose" — by which we mean the amount o f r id ia tio r  to  
which i normal person can be exposed day in  and day out without ;u:;t u n 
ing permanent damage.; For gonna radiation the to lerance dose i t  
given i s  0 .1  r in any one 24 hour period. Vhe dosage-rate \ddch may 
build up to  tho 0*1 r in the 24 hours ie  iurA teria l — in othsr words, the 
Q*1 r ctn be received in  a second, a minute an hour, cr o*cr vhe 24? 
hours, but U s to ta l  ie  not to  exceed 0,1 r a Hie to ta l duration of ex
posure b«*f* ic  tho £4 hour period . To carry the i llu s tr a t io n  further --  
suppose th a t an individual reedves 0 .1  r d a ily  for 1000 days, he is  
exposed then to  a to ta l of 100 r in that poriod — the duration o f  hid  
exposure i s  1000uuya. I t  makes a great difference t o  his welfare whathcr 
he reoeivo3 the 100 r in a t o t a l  duration of 1000 days or whether the 
d*wu*aticn for the sane to ta l  exposure is  100 days. thus for a constant 
to ta l dosage vtha dosugo-rute being immaterial) the number of days required 
to  reach vhe to ta l done (cum tion) i s  «r V r* •'■■■•> ftf ' 5 - * 
for the influence o f  th is fa c to r  are inherent in  tne reactive propej$i«li8  
of moat f |  and th is  w i l l  be* d iscussed in  fe.rt- 11 which d a a l^ j
the b io lo g ic  footers Wuch in flu en ce r a a ^ tio ii o f  fee  -
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;,.. th «  magnitude of the to^-al dose h«;« a bearing upon U* biolcgs-- 
e ffe c t iv e n e ss . :, This faotor i s  a ls o  closely linked w ith the renotiv© 
properties ol «ito tissu e  in q u estion , but i^ rcra iin s a* th« outstanding 
physical X'aotor inlluoncir^; fidol :v;:io a ffe c t  a» : th e type o f rsd.iatlc?^ 
i t s  p en etra b ility , the £ a cbm: tr y  end duration o f the exposure ire the •; 
phyaical factors which determine tho to ta l ion isatio n  produced irithlr  
the body or t is su e  la  question ■ l-̂ o ^ l v c ' ^ y t t i o i l ^ t d e  the br* ologic  
effectiv en ea s of the radiation 1« a lunet:ion o f ’tiie l&t* 1 ^on i i aUon 
to produced* " " T S ’' :'Xr ; -V-- r ' . •, l "

JI« :The Influence of the B iologic Aspect* on /a d ietion  CHoct#,

1* K adlogenaltlvlty
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By radioB oncitiv ity  la m unt tho valatlvn ’vulnerability  to r ,«i r 
tio ii o f'a  tis su e  l iv in g /la  i t s  normal physiologic m llou, It* is  a ter*  
derived from the therapeutic uso o f  radiation in  the the treatr,ent of 
d iaeas«r | b* do not as y e t underav-ond why some t is s u e s  are more readily  
offer.tod by radiation than others* Although we tend to  think of each 
tis su e  as having an inherent ra d io sen sitiv ity  peculiar to  that t is su e , 
advances in  the application o f  radiation to nodical usee have cone nfc-wt 
largely  by learning to  adapt the technics of exposure to  tnko advar tags 
nf tho varying s e n s it iv it ie s  o f d ifferen t t is s u e s , thus to kavo lerrm d  
that a t is s u e  which by one technic proves r a d io res is ta n t, ia  by another 
technic le s s  so. Although the to m  i s  therofore r e la t iv e ,  to  can proi^riy  
think o f  d if fe r e n t tissu es  as having* varying degreos o f  -minora i 1 
a constant aouree o f  rad iation .
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Not only m y  *e think o f  d ifferen t tisou es aa having varying radio* 
s e n s i t i v i t i e s , but d ifferen t organ!#■* react d if fe r e n t ly  to the ascii* 
i  onising dose of rad iation , There are thus apecies d ifferences re 
production o f  tho sane e ffe c t*  There may a lso  be variation s wiuhii. 
stra in s o f the cane species.. This i s  one o f the ob stacles ir. treiu. • 
posing to  man tho b io log ic  e f fe c t s  o f radiation found in the lover 
animals* \ w * §£ ?5|r% f HH H • ir

Vha prublom i s  further complicated by various b io log ic  events which |  
can n iter  the ra d io sen sitiv ity  o f a givon tissu e .. Not a l l  of those are  
known, and vhy# for those th at arc know , these a ltera tio n s do resu lt , 
i s  aleo a l i t t l e  unaorstood problem* A few examples w ill  serve to 
bring out certa in  o f  these fa c to r s .

? -v - . f;:V
Contrary to tho more accepted principle a of pharmacologic action , 

tho t is su e s  which aru lees  sp ec ia lised  in  function tend to bo the wore 
vulnerable to  rad iation . Tho degree cl sp ec ia lisa tio n  of h tissu e  j *< 
rrforred to  as i t s  d iffe r  n tla tio n  • •  and in  general (though not axUrrttijts) 
♦••ho le s s  d ifferen tia ted  ce l Is are ;tyie nor# rad iosen sitive  . 'ihc h igh ly; 
complex o c ll?  o f the nervous syvoer. n.r* &&&*..wnftly t • "?!
io n isin g  ray*. At the ‘.-her extreme the prim itive c e l; s  ol v&* ropro- 
ductive or lymphatio system ore extrancly-vulnorabit v
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-vJ?',' . I*1 general, the ra te  of  growth of tfae Mill# id th in  a tissu e  
influcncco th e ir vu 1 nerJ^M lit'yT ^ioFc rapid ly  growing w»d active  t tU s  
vend vo be the no re ruoio6i»r.siU ve oner comprising a given tissue  
a developing rotfwrtifei in a more quiescent phase o*lls in general ere 
effected vo a g rea te r degree,

The composition of the medium, or the milieu cf the c e lls  corn* 
prising a t i e  bat has an Important bearing up or vW radiosensiti* i  ty„
This It In son* v.ay intim ately associated vdth .he complex physio- 
chemical a lte ra tio n s  which must ensue w ithin the ce ll when i t  is  subjected 
to  urnaturai ion isation . V»heuh*r tha o fioct ol' the lonira tion  i r  •  
d ire c t one, talcing place within the c e l l ,  or whether the e ffe c t  lc *n 
iTmiroot one resu lting  from a lte ra tio n s in  the environment of the ■; e ll  
1« s t i l l ’ largely a em tter of conjecture * As an example of the e ffec t 
of the composition of the environment of the c a ll upon I ts  radiosen- / 
s i t lv i ty  one nay c ite  the diminished e ffe c t of radiation upon other*', 
oxtrenely radiosensitive tissues when they wro subjected to b reduced 
oxygen a u ^ ly  during the time of. exposure* Likewise there ie  experi- 
mental evidence to  show that a change In the acid-base relatione! ipi 
effecting  the permeability of c e ll  membranes, cue for certa in  tissues 
Increase thoir radioaenoitivityi. Phynical factors such ac hea t, cold 
or previous rad ia tio n  may a lte r  e ither the g ro tth  rate or milieu of the 
c e l ls ,  ana thus produco a change in th e ir  vulnerability  to  ionlcatlcn  
produced in then or in Urn medium in which they l i r e t

I t  is  pertinent to  consider here what ie  nnant by th re sh o ld  as 
opposed to  non-threshold biologic e ffec ts .. I f  ono nan To p lo t  a" d<?»e 
e ffe c t graph far various tissues subjected to  ra d ia tio n , th e re  would 
be general be two forms on the graph*
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: •  (A/ I l lu s tra te s  tha aharoo ta r or 4ibv non-threshold effect.. &» § : ^ . v

ft* -Increased ilitera id  d linear inorearo in  tlv* §|f*&§j 'A  

There Is  not on in itie  1 threshold' of doc* which' swat bo 9 ?
J  \  (4’iV''£•..«. ceeaed U n o re  t»  e f f e c t  i s  obtained* to  re e cg n ite  ft

v , r  th re sh o ld  e f f e c t ,  i t i f iu a t  be cr*a which is  re a d ily  observed ,...•’@j 
; 'S  ;• or m easurable a f te r  exposure to  m in im i amounts o f  rsdisuion*. V. §§?

f?y* An example of a non-throahold a f f e c t  id  th e  in flu en ce  o f .
1 'l*¥r ' t io n  tip on the corn p lash  o f lo r  o r

. . (0) I l l u s t r a t e s  the ch arac te r ©f  o  threshold  e f f e c t .^  As tho  doae Is  
i n i t i a l l y  reoe lred  the e f f e c t  l a  not measurable u n t i l  a c e r ta in  

{$  th re sh o ld  o f dose Is  exceeded, when th e  e f f e c t  then  begins. |$ |
\ i  th re sh o ld  a f fe c ts  are net l in e a r  but tastine >cn» fonr. o f *! curve,

Tha e f fo e ts  of ra d ia tio n  upon th e  akin end tho blood fortiing  • • 
organ* a re  examples of th re sh o ld  e fe c ts , U n til tho  doao reaches 

"T. \  Or su rp asses  the th re sh o ld , th e  f i r s t  signs o f  s k in  o iT eci ; ^ f : 
(erythema) or of o f f s e t  upon th e  blood fo r tln g  organs (00 re 
f le c te d  in  the  c irc u la t in g  b lood) arr not seonc 

: ■'; v **'v*.**. r>: I \
The m ajo rity  o f ra d ia tio n  e f fe c t*  s r e  thought to  be o f  the  threshold  

type* I t  ra y  bo th a t as ncre d e lie a to  in d ic a to rs  a re  found to  ra a su rr  
e f f e c t ,  raoro of th en  r i l l  b« seen to  to  of the non-threshold type*

The r e v e r s i b i l i ty  of ra d ia tio n  e l f e c t s  i s  of im portance, p a r tic u 
la r ly  then one i s  concerned w ith occupationa l exposure, fly r e v e r s ib i l i ty  
ie  acaht in* re tu rn  o f  a t is su e  to  i t s  p rev io u sly  normal s t a t e  a f te r  
rad0 1  ion  exposure ia  d iscon tinued , ih e  ro v w rs ib ili ty  o f  any sp e c if ic  
e f f e c t  i s  dependent upon th e  re p a ra tiv e  o r regenerative p ro p e rtic a  of 
th s t i s s u e « Sons t i s s u e s ,  such as s k in ,  the blood forming elem ents, 
menbrnnous l in in g s  ol* body cu v i l l a s  or g la n u s , and p e rip h e ra l aervoe uri 
miowed * l th  a aiechanir.n fo r  re p a ir  and regenera tion ..' O ther t ia s u e s .

Oh cs .muscle, b r a in ,  c e r ta in  s tru c tu re s  in  tho kidney or eye have no 
p rov ision  fo r reg en e ra tio n , KSpair in  th e n  is  by vho forta&iion o f 0 
oesar, xhioh does no t cake over the fu n c tio n  of Use o r ig in a l  tissue , 
which i t  replaces* Those e ffe c ts  e re  then s a id  to  be ' i r r e v e rs ib le ^

In order fo r an effec t to  be re v e rs ib le  i t  m ist n o t, however, 
exceed the l im i ts  of the.''.normal c a p a c ity  fo r  regenera tion . I f  th is  
ie  exceodcd, tho e f f e c t  i s  permanent and nay lend to th e  complete des
tru c tio n  or exhaustion  of th r t is su e *  T.hen the body economy cannot 
function  in  tho absence o f th is  t i e  sue ( i  ,e .  blow*) then r e s u lts .

Doth the  t o t a l  dose of r a d ia t io n  ar.d the to ta l  t5ne over which i t  
is  given urd fa c to rs  ca» which the  a b i l i t y  of th t  reg en e ra tiv e  proccaoos 
to  function  may depend* |Z f  the to t a l  w so  i s  ex ceso iv s , irrespective* 
of tho t in s  over which i t  i s  a d a in f i te  r e d , regeneration  and r e p a i r  m y  
be impossible Or 1 if the to ta l  doao i s  one v»)dch w il l  produce o f fo o ts  $ 
which e re  re v e rs ib le  i f  given over a  t in e  which does r.ot oxcui>d the 
r a t s  c f  reg en e ra tio n , th e  c u iec t m y  U cor£  i- re v e rs ib lo  i f  ahe t t o  \u 

j.«o shortened t h a t  i n tu i t  exceeds re p a ir*

&
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A tissue 'which h .8 returned to apparent normal function iVtlowing 
?adiavion damage may not, however, sustain rcpaateii damage and will bo 
unable to regenerate completely* fthepeated r»diatimi effect, in itia lly  
followed by repair, will eventually exhaust the reeerve for rogenortti. 
and end in death of the tissue,. ;tt' Is for th is reason that previously 
sustained radiation injury which has apparently undertone ieg«nerution 
and return to normal function raiat be carefully observed and a repe
tition  of the injury avoided., Skin which haa been once damaged by 
radiation and then regenerate* to carry on its  function will not tolerate 
repeated injury with impunity* Bone narrow, which ha a remarkable 
powirs of recovery from radiation injury^ will eventually exhaust its  
recuperative reserve then subjected to dose* of radiation which call 
too often or too strenuously upon it*

Stmary - '.  |  .. f  i  j  - . |  $ £p'|S

Before considering some biologic effects of radiation in more 
detail, le t  u« sunrotriae certain general principles which govern the 
effects* J. ;JS;t

The nature of the radiation influences the ci'focts producac.

(1) Different types of radiation produce varying degrees of 
ion density along their tracks as tho rays or particles 
pass through tissue*

(2) The ionisation in a particular tissue is  dependent upon 
the penetrability of the radiation to  reach a cervain 
looation or depth within tho body* This is  loth & function

1' ^ 'of the energy of the radiations and the goemetry of the 
exposure*

(3) The to tal duration over which a dose is  given bears upon 
the effect produced*

(4) The intal dose received in a tiseue has an important 
influence upon the effect the to ta l ionisation pro
duced by the combination of the above factors detcrirdnos

■ ; : the limits of tic  physical agent which cor. act upon the 
Moligic mediWio

The biologic aspects in themselves also influence the oTfcct of 
the radiation*

(1) fiie radio^en6itivity of a tissue cr organism largely 
determines whether an of foot will le produced*

(2) The radlosonsitivi ty  my in turn be Altered by etch fee- 
tore as rawo of growth, stage of activity or function

' and physical or chemical environment.

(3) Biologic effects my or m&y not be threshold effect**
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ii v ; ( 4 ‘« Certain b io lo g ic  e f fe c t s  are rev ersib le  following r*dia~
,’, ^tton* in# tid e  i s  dependent upon the regenerative capacity |« | 

of the tlseee*  ; vha reporttivo processes may, however, bo 
g exhausted by e ith e r  an e x ce ss iv e 'to ta l dose or ono w h ic h ^ g '^  

i s  fi'w n over a period o f tine which dooa net permit § Q g  
; repair or regeneration to be accomplished^

(5) The r ep etit io n  o f radiation in jury , follow ing rnnonara*
, tion , w i l l  even tually  lead to death o f  the tissu e

III, The loleranoe Dose in  R elation to  Occupational kadiation Retard*

Dr? bollan has previously diacuoBod the p o ten tia l exposure to  
- the varying types o f  rndlction.. and Jifci described methods &r neasurlrtg 

uho io o i ration produced by then in the body A subsequent discus s i  on 
g r i l l  no re s te c if i  ra lly  deal with the location  and nature o f the radlt- 
§  tio n  hatarda, Mth the foregoing b r ie f review o f certa in  fa c to r 0 which 

influence the biologic a c tio n  o f rays, i t  i s  o f in terest 'to consider
.V®W lncw certuin of th ese factors must bo U Verv in to  account when an f i  

atveip.pt i e  made to e s ta b lish  tolerance douo le v e ls .*

I t  m s  previously noted that ths apoolflagU iB iiatlon  factor mutt j  
be considered, and that in  ueaxii\, rich  la s t  neutrons, uny lev**), of 
tolerance set for garma radiation  should to r»ducod by u factor of 
30 for clow neutrons..

th e  penetrab ility o f  the rays or the geometry of exposure tay a t  
tim es be more important in  determining the decree o f  tiasuo ion ioation  
than the factor o f sp e c if ic  io n isa tio n .

For X-rays, p.arxve rays and neutrons w* are therefore coneernod 
with e ffe c t#  upon the deeper structures o f the body, For beta rays we 
are mainly concerned with injury to the sk in , and hare, as with para* 
rays, pen etrab ility  i s  a function of energy, fe ta  rays nf energy sqp-'|v 
proxinatoly 100 kev (corresponding to  those o f Xe) enter the sk into a 
depth o f  only about ,1 cm. x’he long l i f e  f i s s io n  products have beta v 
rays w ith energies o f approximately 1.5 Mev, which cun penetrate v.*eli 
below the skin,, * * * ''S- Wst •-8?!

;,v
The foe tore of to ta l dose nnd durntion o f e x p lo r e  arc nest in -  

portant in rela tion  to tolerance lev e ls*  A s in g le  ©3QUwur a to  upprox« 
im w ely  COO r of gcurriA radlution  would produce so profound an injury  
to  the blood lcm ing organa that death v.oulil r e s u lt  in several Weeks i t  
months*. On the battle of the tolerance exposure of. 0 .1  r per day i t  
would require about 1C years daily  exposure to  have received 600 r-

• Our dis' u.-sion here w il l  apply ,bnly to external radiation, Vre 'Colo 
w ill  c iscuso  tolerance in  r e la t io n  io&nt-ernnl rad iation  \v> a la ter
oection- ■ l i f e r © r : v * -• 1

>
*



The time element thus becomes iraportartt i n  r e la t io n  tc  to lo ra n o e ; y  ., 
h e re  again i t  ic  c lo s e ly  linked  w ith th e  b io lo g ic  fac to r of rcgHti** ra tio n  
and • r e p a ir

•; ,:;7 A more d e ta i le d  ^liacuceion o f how th e  figure of O J  r  p e r  clay was 
es ta b lish e d  i s  g iven  i n  a separate re p o rt cm to le rance  does; liters- tcq 
o r ig in a lly  a com bination o f opinion and r a th e r  t .ant o b se rv a tio n , loaded 
w ith  a sa fe ty  fa c to r  to  give a to le ran ce  d o se .^  I t  seen* th a t v i t h  
added experience, however, th e  American le v e l o f  QA  r  per day , o r the 
In te rn a tio n a l le v e l o f  0 2 r  per day fo r  ex«-rayc and c ^ r m  r a y s , a ro  
not too heavily  loaded w ith a sa fe ty  fa c to r  to  aake then  c v o rc a tu ic u ^
The 0 ,1 r  per day le v o l i s  c e r ta in ly  non low by a le c to r  of 10; 1 r  per 
day sou Id c e r ta in ly  le ad  to  in ju ry  A a a fe ty  fa c to r of 10 ic  thor* fore- 
riot too  la rge  when v i t a l  body processes urc concerned*. V

The b io lo g ic  e f f e c t s  upon which uolorance has u sually  be eh based 
in  th e  pact are  th e se  on th e  blood and rep roduction  organa. To t h i s  
we vrosild add akin  as an index P e rtin en t to  our prcaont work,

• - f I t  io  fo r tu n a te  fo r  our purpose* th a t  the  c irc u la tin g  blood 
i s  c. re la tiv e ly  e a r ly  and av a ilab le  index o f ove'r-expocur© to  ro d i e t  ion* 
C e rta in  aspect* of t h i s  problen a re  no t however ccm cnly  a p p re c ia te d ,

(1) The ra d ia t io n  e ffect*  th e  t is su e *  whioh fo m  bloods th e se
arc lo ca ted  in  the tone narrow and lymphatic syxten  a c e ite re d  .

I ’ over the  body* l’he a l te r a t io n  in  th e  blood count thu* re«
f le e t*  th e  in ju ry  to  the blood forming tlaonoa, not d i r e c t ly  1 
to  sho blood*

(2) Ihe e f f e c t  io  ra p 'd ;  an A lte ra t io n  in  blood count may 
observed w ith in  un hour a f te r  t o t a l  body over-exposure.

(•4) the wliit.e blood c e l ls  are the  e a r l i e s t  index of over-expoaure« 
The a ttach ed  ta b le  in d ica tes  the n a tu re  o f the a l te r a t io n s  
which m y  appear# ; ,y

(b) he * t i l l  ore asked about the s o -c a lle d  "b en e fic ia l e f f e c t s 6 * * 9 
of ra d ia tio n  bn tho blood th en  th e  dose i8  extremely small* 
lis t va emphasise again  th a t  a l l  unnecessary exposure should 

7 be avoided. The 0*1 r  per cay s » ts  only the maximum a llo w 
able exposure; good sense w ill  reduce th i*  xh e re in  poaai b le ,

(6) be have adopted a po licy  o f n o t perm itting  a worker whose . •
normal w hite blood count i s  le s s , titan  5000 to  m vxin  in  a 
lo ca tio n  w herein  hr r i l l  have p o ss ib le  ra d ia tio n  exposure,
Ken who show unusual s e n s i t iv i ty  r« y  to  ic  g i ran vtprk

■s.fl? not invo lv ing  radiation*,

th e  r a p id i ty  and magnitude o f  the  observable e f f e c t  and the 
recupera tion  tim e depend upon the dose and ro g e n e ra tiv -  
powers o f th e  blood forming t i s s u e s .

(3) anemia is  a l t t c ,  not an e a r ly  s ig n  ox ov» r-ex p o su re . fihon
tho production  o f rod blood c e l l s  to s  been c lfc c te d , xhc con 
d i t io n  of vhe tone m rro u  i s  p recarious,.
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j|H 100 : S isoo 1 | 1  30P0 ; Tho effect may bej
(25-33JC) 1.. Diminution of to ta l  wMte
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(7  i He H»’vh ho rstyjdy us y w  f o r  p-onstt'^ssf sI'ejelv ,i‘ -.jr s •; g.v ■>■
.

j ; ; t a f i i  tb s  *&t2ivi<«u$u
• il^wsrird by* f * p ^ f  led  
:1s li^ccd. orp?

'<MsVlr»ifcy ’> '

K  f j p l  IWsfcer r*4i*t%civ w ^ ^ ^ w r r r i i^  vH# $%■%$&£
^ftlU ifU l i-'i^tJ^; wi 1 i AX" t u t . &© t  {pidrsttttftf i^TW ^fcryab |  ky

Ifco elMwmts of th»* reiu 'ocuat  Ivo wrtAai # d c b  &n ex;.* r  i .» a t* i iy  
eUViteu by rwii^Upn *r* SIvSi^TCl JUuTjte&ebivor•. t f  the ®js m  rr 
ova tfid (if |  d ie  t«n«s ivhieh mill* u;* th e  cYstrittme* *«4 t r e n i a l l  
h e re d ita ry  f a c to r * ,

r t c r i l i a c t i o n  Mm <* re * .iii . .■ > 4 by r a d ia t io n ,  Vut th e  doe*
neecei*>y f ^ r  tM #  in  xaa la  , t u
In wor m (depending upon the *£*.)?« <&*» o r «n0C - 406 r  **c 
•rill cause permanent n t e r U l t i ' i ^ iV  UV)kt ne^H gi^ce -a ttld  procwiv 
tfvcr lc pe rio d  y r i l a ,  t» lt.*?t avion* In v.h«, jm??r^vcU»<» fi | d
the  in d iv id u tJ  * ? There ic - r o  e v id e n t  to  indie&wu vhfeb |*xp.er/r* t t  
tu r  p resen t to le ra n c e  lev®!,, vil.1 dc *o |  i

i>$$$Yl»o ijc n t i t  iofo fife. ofcVjif rn d i»U r n . if;' eeaii o?»ty l& hh» lower 
-os of th e  in fo rm  lio n  hsTTotn ‘~uT«?£ | ‘*cn work on J o  f r u i t  f ly ,  .l»* 
c f :o c t noai ocrr-only pi'ouuco' is  on incr-.,*## In tho tw»m»l ra t*  cf 
ttuttbicA ;* K urtbsm ora I t  hac l**en l<ur.<! vhmt t h i s  i s  f. nan-iJireaHold 
rf lw c t and th o u  tho. do b« i s  c u n u l f a i v t i i u '4  tl*  on ly  p o ssib le  t& . 
avoid t h i s  « iT tid  ( i f  i t  ceuiu bi| «ho in .nyp llenb ir to  w*»)' w*uld 
U. to  s tuy  cocpltas*ly away Iron  m l1 rod i> a\on . iher*  i t  no iv idW H  
to  in d ica te  However th a t ; £#4 *c l io a  ■sxit.'if.'snt ti*« produced i n  wan,:

v"\\> ••':? Tho $kii\ e f f e c t  oi* rc d iu tic f t- ic  iriportuirt k*tt w r y  pdHii.$W ;to  
our problem Cm * olun activev  *-i,« lu in  off»v>t of tho  rlp h u  i «y# i-b*
abundance aC! sn c rg o tla  bath ray* To u e  various f is s io n  praivcva, a t a  
tho n e ce ss ity  t o  deal Oheniculi./ vd tU i-hea, r iv ,*  up t. se t - . . ;« r
in exposure o f the sk lu  o f h tu ts  v t o l u a  * c t* i .:* UicuwiRo <s fa ther 
potent source c f  anorpouit hctu im y t, ht?ur** hknclfn^ ccn tr ic i Uv^ 
ttn exposure o f  v0& ifhr* u;' Usva p*3 oU*t*jf;, through *,?•«

itv. WT- S k ia  vitioh Is  oxpopsU in  a rslfav iyo iy  b r ie f  nericx* vq U& + ^vV r 
w ill develop ftR wry heasi, b irjJln r nc th a t  to.ioh loiiow s cspDVfiH tu  tHa 
sun* ?<• dc no t cuit!oi(,«.te th t^ e  lertfl; rxpoaui cs  u« an accupju i c»v?l 
.iiSi uni* s t  tit e re  &'* no prKosuticou shktsoo'Vcr*. l»fti,6ay 
rdddrninc oi* whs ekln 'it D r a t  »I^n  o f  craivr.s* t »Uh-r f»;ej 
t‘cU y o/poaure oi ‘-ha t e d s  to  Mooil amxmtt of m d^sulc:- \  l.ich I f  -or> 
linu rd  oyor c. p tr lo u  oi year* n ty  I e \d  to  I r re v e rs ib le  chftCf:rt'» these 
Is  to  changes n re  d rynets, crtckini; t i r l i i ta j fM *  ci% r id g in g  oi im lU* 
x*\* of nonnel i ld h  ridge# end f i n a l ly  u lc c .a tia o  ^h lch  aa; ,;o rr. to  
ettnoer.'. ;;plere.\ilo dceo to  th e  hands hxt nover Wen a»fcfvbii#)jod 
with any s e r t e in ty ,  KHUolng.l»tr >hc nrv cau tious #pd p ro te c t th e ir  
IxenCu i*rom s o f t  *rr*y# u /  t t a j . - v  f lotou f..s*ar«*12y L̂ rsHi
u ia t they tm uld  ooc&sionftlJy expose tSaolr .yhards to  1 r  |x»r- d#y viim I • 
n.:' ilfcpjpS uro oti , r ' s f - : .....; w ... . . . . . .  ,

‘v ;',A  a u t a v i b #  - i a .  & h  f p i l l t h r i l y  1 ^ - i t e u i i i i s ^ f e V l v  i
e m  p i .  s j i -

H



experience has shorn th a t 1 r  per day i s  a safe  exposure f o r  th e  akin
of hands - K ,  /  e J

M  CX*uUidCX-4
'■'$**& Bo c h a t a s  ix  m y y  tie th a t  **eh p ro tec tio n  i s  p o e s ib l f ^ '. ,  
a Utkin i t  should be used* Jbe have held  to7 yho 0 0V r  per day, for' thn_ 
sk in  dose as  v e i l  a s  fo r  to ta l  body ra d ia tio n  by g!ftWn&ytjjf W6C *  <t< 
neutron to le rsn o o  le v e l i s  p laced  a t  *01 r  per day* These uolorance 
level ejm&y need l a t e r  re v is io n , b u j j fo r  th e  p resen t fkheyja re  f e l t  to  
be adequate y e t  n o t overemphasising s a fe ty  a t  the expense o f g e ttin g  
the  job  ^  , - i * W 7


