
PR0JM;T HANDBOOK - CIA97 

has 72 pages (incl, 
CHAPTER X I 1  PART 

COPY NO, 7 6 of / S b  copies. 
SERIES A 

1. 

2. 

3. 

4. 

5 .  

THIS IS A CLASS DIED Doc lAQm 

T h i s  document contains info 
United States w i t h i n  the me 

Before this dooumnt am be PdMd by a person crt 
was assigned, his name wt trca on the Likgwy L i s t  

A SECRGP or CONFIDBnW documerk 1s not t0 be 
without  permission o f  the originating office. 

6. As won &L) a dommmt is no longer needed, f t  is 60 be mturnexi t o  
mation Offioe whereupon the individual rCiU be rs2ieved of the re 
f o r  its safe-keeping, 

The fom below is to be used i n  routing t h i s  report and must be 
each pereon who reads it, 

7. 



I M P O R T A N T  

90 NOT RENOVE THIS PAGE -- 
PROJECT HANDBOOK - -97 
has It pages ( in& a*p, 

c m  XI1 PAXT 

COPY NO. 76 of /,j*o copies. 
Necessary t o  Accountability 

- 
(Classification t o  be stamped here) 

s - A  
ISSUED TO: 

THIS IS A CLASSIFIED DOCUMENT 

2. Before t h i s  documed be F6od by 8 pewon d h s r  
was assigned, his name awst be OD the $4.- WdRi 

3. This i s  a e lms i f i ed  dot%- 
S q  laaterial If#trrt be 

4. A SECRET_ or COWIDEKTW; cbc%ment $8 ‘mt t0 be cop 
without permission of t h e  originating office. ast 

pages, having the designation S w .  
way as a Secret Report. other notes 
done i n  a form meaningleas t o  anyone 

6. As soon as a document is no longsr m&, &% b t o  be &Urnd t o  
mation Office whereupon the individut%l w U l  be 
f o r  i t s  safe-keeping. 

7. The form below is to be used i n  routing this report and ou8t be signed by 
each person who reads it, I 

t 

a- I I f I 

1 I ;3 q (.j 2 



I M P O R T A N T  

DO NOT RENOVE THIS PAGE 

Necessary t o  Accountabili ty COPY No. 7L of /a0 copies, 

:z*J-, 
(C las s i f i ca t ion  t o  be stamped here) 

THIS IS A CLASSIFIED DOC- 

2. Before thi 

way 88 a Secret Report, a h a  
done in a fora meaningless t o  

the Infonnation Off ids  

6. As soon as a &Qllment is XKJ longer need* %t 3.6 t o  b Warned t 
mation Offirra'w?wreupon the individual wiU be relioved ot  the re 
f o r  i t a  safeLkeerping. 

7. The form below is to be used i n  rout ing this report and & be signed by 
each person who reads it. 

I I I I I ; I 5 5 q r_j -J -' 



X I 1  

. . . .  . 

i 

GhaDter XII. f ~ ~ L 1 w ' l I O h  ANG ITS d1OLXICHL EFFECTS 

Chapter Edi to r :  E .  0. Wollan 

C ONTEBTS 

A. Physical Aspects (By E, 0. l o l l a n )  

- 1. Principles of radie tion d o s h e t q  
(By H. La, Parker and E. 0. Uollan) 
1. I Intrcduction 

* 

B. The Biological Effectr or Wadiat&on i 

1. fialat4.w betweem character of' re 
and Ma&gical d' feob 
1.1 Spooiiic effects 
1,2 The dtstrlbution and penetration of 

radlstian \ 

1.3 The time factor and t o t a l  dose 
1.4 Redioaensitivity of tissue8 

Occupatiorrrrl L & Tr j r z e ~ t  

1.5 S m W  



XII. Radiation and Its Biological Effects  
Contents 

- 
2. Occupationcl disease o r  pathological s t a t e s  

r e su l t i ng  from overexposure 
2.1 The tolerance dose 
2.2 The blood 
2.3 
2.4 The skin 
2 . 5 Rtdiooctive poisons 
2.6 Gensral e f f ec t s  

The reproductive orgcns End germ plasm 

C. BiologicGl Aspecte (Edited by I(. S. Cole) 

1. Tracer $tl-idies (dy J. G. Hamilton) 
1 . 1 Introduction 
1.2 Parenteral Administrstion 
1.3 Intrapulmoaarp Adminlrtratlon 
1.4 Excretion 
1.5 Summrtv of Rerpultr 

2. Tolerwkees for fission produe#&' 

2.1 berL+Pfcion of equatioa) 
2.2 Interpretation of eqwticma 
2*3 Application of the equstionsr 

Application of the equationss 
basic data on metabolism 

2.5 Application of the equations: 
f i m l  re su l t s  - tolerances 

1. H. Cob) 

* asamptiow 

3. Rela t ive  biological effectiveness of m r i o u s  
rad ia t ions  (By R. E. Zirk le)  
3.1 Qwlitative e f fec t s  
3.2 Relative quant i ta t ive e f f e c t s  



s 

i 

XII. k A d i r t i o n  Lnd I t s  b i o l o g i c c l  Ef fec ts  

h.  Physical Aspects 

Add t o  thG l i s t  of referencvs: 

(4) Gray, L. H., Proc. Ccm. Phil .  Soc, & 72(19’&). 

XI1 
P* 3 

&imA 
mend l a s t  two sentences to s a d :  

A proper application of %be mgg 

type of SdiSt ion a r e  knom. 
in roentgens can be approxianted. 

qui;nti ty t o  be e 6 k b & t e d  8UCh 
P m  8oC 

&ci 
Add t h i s  eentence r t  the end of 2.38 

Since the f rLct lon  c;f Fh;tc,n energy l o s t  in c i r  by photo- 
e l e c t r i c  ~ n d  ComFtcn sc:.ttering v;rics 20$ fram 0.05 to b0 
M ~ v ,  tho :,have AS only ~pprdximtte* 

\ 

Amend t h e  l G s t  sentence an the pcge t o  mcdr 

Provided the energy ~ n d  spec i f i c  ioniznt ion c re  known E t  t ho  
p a r t i c  lsr point  i n  t he  path, if  N is  tho number of (2 pCs&clW 
per cu? and k is the specif’ic ion iza t ion  c t  t given pobt on 
t h e  p t th ,  t h e  dose is 

kN x Q.8 x 10-10 r per @ p t r t i c l s  per d, 

Page 10 

Amend the f i r s t  sentence of tho t h i r d  WrGgrLph under (d) t o  mad: 

A C$4- f i l l e d  c h n b e r  with t p r c l f f i n  well made conducting with 
E: very t h i n  coLt Gf aqudtrg less thcn one mzcron th i ck  should 
give rebdings ( i n  r - tquiv:ilt:nts) a b m t  15% grea te r  thcn the  
CO~~sF i rnd ing  t i s s u t  dost.. 
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XII. Rcdiation and Its Biological Effects  
A. PhyaicLl Aapects 

( continued ! 

Add t o  the list of references:  

( 6 )  Gray, L. H., Proc. Cam. Phil .  SOC. @ 72(1944) 
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Amend sub-section (c) t o  road: 

X I 1  
p0.4 

There is probably fio beard for external irradirtion. 
i a  k n m  about ncausticn effects of large quclnUfie6# o r  of 
aborption through t h e  rkin. 

Little 

w :: 

Add t o  the l i s t  of refsrenceer 

(31 BlJ-b, G, CH-1347, hb. 15, 1944. 

(4) Parker, H. M.9 CX-930, Sept. 10, 1943. 

( 5 )  Cnntr i l ,  S. T. tnd H. W .  Porker, CH-2812, Jsn. 5, 1945, 



RADIATION AND ITS BIOLOGICAL EFFECTS XI? A, 1.1- 
1.2 

A. P Z S I C A L  ASPZCTS 
I 

1. Pr inc ip l e s  of Radia t ion  Dosimetry 

1,1 In t roduc t ion  

The n a t u r a l  u n i t  of dosage might be taken as the -80- , 

l u t e  amount o f  energy absorbed per unit volume of the llib802@* 
b i n g  mvdium as a result of irrabiat,l,on, Thts hawever, can- 
not be conveniently measwedl s$Ws it 1s only tha %&=*, 
t l o n  which I s  measurable, and this correaponda t o  a r  rb 
f r a c t i o n  bP the energy absorbed. ft is OrUilaarlly drrr8uaWr 
that t h i s  f rac t ion  ie oonstsnit in ~ a a e s  of bioZagXceZ int 
e s t .  

The a c t u a l  fract ion a 8 8  ionization dm 
approximately one-half In hydrogen, oxygep, and nitrogen, 
but i s  very di f f erent  I n  rare ga8ea. 8ome gases and many 
organic vapors show l e g e  variat ions r e l a t i v e  t o  air In the 
f r a c t i o n  of absorbecl energy which corresponds to Ionization. 

J 

I 

1 . 2  The Brage;-Gras Principle (1) 

Consider a small a i r - f i l l e d  c a v i t y  Introduced i n t o  a 
s o l i d  o r  l i q u i d  medium I n  which electromagnetic radi8ti,QB 
is being absorbed, If the cav i ty  i s  s u f f i c i e n t l y  lpmell,' 
the  i o n i z a t i o n  i n  i t  is almost e n t i r e l y  due t o  i t s  .traversal 
by secondary e l ec t rons  generated i n  t he  surrounding medium, 
For t h i s  case :  

where Ev' - k i n e t i c  energy of secondary e l ec t rons  generated 
per u n i t  volume of medium 

P = r a t i o  of st0pp.c.g p ~ u r t r  af medium t i  that  ~ f '  a i r  
i' 3r s 1 s c t r 32s 



RADIATION AND ITS BIOLOGICAL EFFECTS XI1 A,1.2- 
1.3 

1 . PrinciDles - of Radiatlon ~ Dosimetry (continued) 

where values of fz, (variation of p with atomic number) a re  
given i n  the following table ,  and 

1. For fa8t 

pr3ta-m a r e  r e a p l b l e  f o r  the major part of €he l o n l z & t l o q .  
The cav i ty  mat t;b, am11 campared ta the range of these pro- 
tons i f  it i r  t o  .satisfy the asrrdit ims for the Bmgg-Grsy 
pr inc ip 1 B . 
1.3 T h i n b l a  Chamber% 

l o g i c a l  purpasc.:.pl t o  measure the  i n t e n s i t y  of r a d i a t i o n  within  
o medium. h thimble chamber c a m t i t u t e s  8 proper "cavity" 
::,,. a medium #her, t h e  wall ttrickncss exceeds t he  maximum 
range i r :  the wall of the secmdary particlee Invalved. 
f o r  gama rays fr.lm radium and 3 graphite wall, a wall th ick-  
ness of about 5 rmn is requirTd, whi1_6 fjr 200 kev x-rays,  a 
0.2 llan wall is s u f f i c i e n t ,  

a. A "thimble" i m i z a t i a n  chnmbcr m y  be used f m  blo- 

Thus 

0 .  All d i m e n s i m s  uf the thimbls chamber must be suck 
that a s,cmdarg particle cr;ssin;j the chamber l o ses  m l y  a 
neg l ig ib l e  f r a c t i m  3f i t s  +;iisrgj; f3r example, the dimcn- 
s ims shcjuld iist exceed a ?EW mm f o r  gmma rays or 0.1 mm 
f a r  200 lcev x-rays. 
i z a t i J L i  in tl-x chamber i s  a l l n c s r  f u n c t i m  3f the  gas pres- 
sure. Thls c a r d i t i o n  of' 1iqe:ritg i s  fulfilled ef ther  for a 
very s m 1 1  thI?,blt chamber a f o r  : chmber sa large r b l r t l v e  
t 3  the ca?puscu lz r  rangcs th2.t t h z  l m i z a t i s n  i r ,  the  2resaure 
r m g e  zsc-d is atu -11 t imes  3 g ~ s  c i ' f e c t  2nd ncrt 9 wsli e f f e c t .  
(rilthzugk n a t  il t;:imblc. chzr!bcr, t?x la rge  chanber can be us~.d  

The d i r n z n s i ~ : ~ ~  a r e  c o r r e c t  when the i m -  

I 5 5 Q 0 q - -3emlw 



Pa 3 RADIATION AND ITS BIOLOGICAL EFFECTS X I 1  ;1,1.3- 
1.4  

PrinciPlcs  of  Radia t ion  Dosl.,etry (csntlnued) 1. 

under t he  c o n d i t i m s  specified.) I 

c. 
same average atomic number, t he re  is 11.3 r e s t r i c t i o n  on the 
dimensions. 

I n  the specie1 case in wi.lich wall and gas have the 

6 .  Examples af tirpar i3. :'4,nltt; cavity s i t e ,  sa 

- a small cor rac t ion  I s  requi red  for abaorptim of rab%ctim 
'by the w a l l  of the  chaiber, 
u s  I s  J esw per ec, then 

If the Ion iza t ion  per URSt Vox* 

mere 0,- i a a t t e r i n g  ablrorptlon coefficient af the ChruabGr 
wall, and t rhould bs s l i g h t l y  greator  tkbn the Bnxlwlm rawe 
Df r ec3 l l  e lectrons.  I n  p r a c t i c e  oat ~ 0 ~ 0 3 .  

f. Meaaursments In other media: 

'Dare = J(l + oat - ua*tt) rgentgcrte ( 5  f 

whore oat 9 m a t t e r i n g  abso rp t l sn  c x f f l c i s n t  of medium, and 

1.4  The Rosntgen 

t r  - e x t t r m l  radius af chaniber cansidered as a sphere.  

The r:bentt;cn was f i r s t  dtifindd i n  1928 at  the Interna-  

w i t h  no essential ohange I n  m s n l n g  a t  thc In te r ru t i~ml  R 3 d l a -  
l3gisa.l Cmgross in Chicag; i n  1937. 
rezds: 

t ima1 R d l a l J g i e s l  Congress i n  Stockh:jlm; It w3s r d e f i n e d  (z 

'?he 1stt.r d e f i n l t i m  



I 

9 .  4 

~i 3 small Arrir-wall" ( 3 3 e  XII ~,1.3e) tule chrurlbcr e m  
be lnscrted ln thd nwdlun zt thc  pslat where the Cosage wc8* 
u r u m m t  18 required, the class CSP be direct23 aieesured clthcr 
undtr E U C ~  oanbitiona that the effect of lntrodw3,qpthe chi- , 
ber need not be considered or else thst  8atisPaatwy eorFectr  
ions for this e f fect  can be W e .  

actual Ionizat ion i n  the medlum rather than that which would 
be prodUC6d in a i r ,  4 proper spy l i cc t lon  of the Brcgg-Gray 
principle pernits this q w n t i t z  to be measured sccu ra tdy .  
From such measuremnts the d 3 ~ i  I n  roentgens csn bc calcul- 
ated with faZr 2ccur~cy .  

I 

I n  many eases it l a  dealr3ble to know the sPlount of the ' 

I 1 5 5 9 1  I 
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P *  5 RADIATION AND I T S  BI9LOGICAL E3FECTS XI1 A , 1  

1. Pr inc iDles  af Radiation Dosimetry (contlnuod) 



€IADIA!tIOii Ur'hu ITS BIOLOGICAL EFFECTS XI1 A82.1- 
2 3  

2.  P r a c t l c s l  Measuzemcnt of D O ~ C  

2.1 Ion Chambers 

On the  brzsis of Lhe discussions on thc principle8 of dos- 
age m b c s u r t x ~ n t s  and t he  
A , 1 ,  i t  i s  seen that accurate rts 
t z i n  condi t ions  a r e  satisfitd. 

In thG c u r :  of x-rep,  tho photoelm 
t i o n  incrocraes rapidly with atsmic nunib 
wall mcterlal for a I o n i z a t i o n  chmbor 
For soft x-rap, hawcmr, the 23, 
rsgs ic 313 i a  suf€'icientl$ abort a 
i s  cpproprlstely a o l l  
3 layer  of a i r  m n  bc. 
the rc ld in t lon  in roent  

POT hard g~rmra r33-8 the C i 1 d . c ~  
critical for spproximate roau l t s .  Pi 
i l a r  p l a s t i c )  I s  u6cd 68 wall, th i8  mater 
c lose  to air i n  werage 2tomlc nuaiber a 0  
ch-sr size, :: ressombly sccurstt: ~ S S U  
roentgons can bc- m2dc. S m l l  mounts  of 
h o m v c r ,  CQUSL P. ehmber t 
200.ksv or l ~ s s  by 2s 
s w 1 1  chambtrs. 

2.2 DQSCRG R a t c ;  i ron Rsdium 3 .  

. ,  
An accur3tc; meosuremnt of t he  do83 t rata frw rcdium 

( i n  c q u i l i b r l m )  ha3 been mdo by Gray. f i l  A 
tance from o m  rq Ra ( f i l t e r e d  through 0.5 mn 

, en d i c -  - 

J - 8.4 2 0.1 r /b  

For plstinum wcll of thickness  t CP, provldcd t I s  not less 
t han  0.03 cm# 



P* 7 RADIATION AND ITS BIOLOGICAL EFFECTS XI1 h,2.3- 
2.5 

2. Pract icct l  Mccisurenent of Dosc (continuedA 

i n  Air 
for 0.1 r/24 hours or 

1.16 x loc6 r /sec 

ent g Beta- 
With ,? rays there I s  no need of a wall around tho C h a a B O F  

for e s t a b l i s h i n g  cquilibrium between the  primarlca and let- 
ondarics * 

a, c o r r e c t i o n  for absorpt ion in the wall bhtHaZ6. be used 
be made. 

Ckambers wlth t he  thinpeat possible wall q-4;~ - .  

a8 
To express t he  dosage r a t c  per  9 p a r t i c l e  one nus t  con- 

sider a pwt lcu lar  point in the  path of the j p z r t i c l e  since 
the I o n i z a t i o n  varies rapidly along the path,  beconing greater 
near thc cnd af the pth. If N I s  thc nunbar of particlcs 

D 1 5 5 9 1 4  



R A D I ~ T I O N  rn rrs BIOLOGICAL EFEECTS XIJ ;.,2.,5- 
2.G 

2 ,  Prsct icrzl  Mewurcmbnt - of Doge (eantinued) 
. 

per em2 and k I s  the spt;cifle i on iza t ion  at a g ivcn  p o i n t  
on the  path, then  the doso Is 

kN x 4.8 x ldo P per 9 particlo per em 2 

of the nucleus end wbn bu La 

giving 8 1, 0.5 E, for h 
* 0.151 Bo f m  
* 0,125 Eo f~ 

It ahould'be notlccid t ha t  therse art: n o t  
would bc obtainud fron thc; avercrge l o p r  
uhlah I s  

when the energy absorbed per gran af  w e t  t i s s u e  I s  @ ergs. 
For f e a t  neutrow the energy E, In ergs absorbed pt;r ~lpm 
of t i a o u c  is 

Ea * kENxUifiQ1 ( 4 )  

whcrc: IT is the number of inuidcnt ncutrons per cm2 
E Is t h s  c n c r g i  o f  tile neutrons in MGV 
k = 1.602 x lQTh, thc  fr?ctor t a  convert  Mev t a  crgs 

1 1 5 5 9 1 5  



2. Practicsl  Mcasurernent of Dosc (ccntinued) 

ai t h o  crass section f o r  neutrcrns of smrgy E on 

fl I s  the fraotion of the neutron's energy tramsferred 

Qi is t M  nwber of atam of type i per graoa oi tiaaue . 

a t m l c  nuclei of typ6 I 

t o  the nuclow per c o l l l s h a  

~ N .  

73 

6.02 x 
6.92 x 
1.71'~ 10'' 
2.74 x d2 

shown by cxporimnt t o  be &cup 2 t; 20 time8 greiteP thm 
that cf the 8w.e mount  of i 3 f l%Zt!h t%O¶! l  F a m d  by %-;rsyd* 
For body tissue a f a o t o r  L? 5 io prribaalg rungre b%¶ 0.02 P18bdB 
(or 0.01 n; ~ o e  XII'A,2.6 4 )  ma bc takcn w tho $@e da%l#4c-. 
t o  erance doae. Tablc 3 gives  the number of ndutrona pSr . 

par cn per minute for 0.02 r . s , d .  In 8 hours, 
cm 4 "05 one r.t;,d. and 0.02 r . t , .d . ,  m d  t h c  r i b e r  of neutron8 



p .  10 RADIATION iaNE ITS BIOLOGICAL EFFECTS XII ~ , 2 . 6 -  
2.7 

2. P rnc t i co l  Measurement of D ~ s e  (csn t inued)  

Table 3 

as for x-ray8 sxoept true tla8uo-W 
used iwteed of  an 
aer r-mter with a amber k a  been 
f a s t  neutrons. The e l i t e  wall oontsina 
Its  perecntagG hyuogen c w t o n t  is lass t 
t i s s u e  the  respxme o f  the ch e r  dses n3t give LZ direct 
measure of tissue ip lerrt lon,  8-7 

When a pure beam af fast neutrsnrr is measured with the  
Victoruen r-mt&&r (100 r chanber), m d  the acala Is reud 
as for Y rays,  3 reading af 1 r is c a l l c d  1 n, One n u n i t  
as thus deffned represents  a t i s s u e  Z m i e a t l m  equivalent 
t J  t h a t  pr2duced by sbaut  2 . 5  r af Y rays.  (See X I 1  C , 3 . )  

h C2IQ-fllled chamber w i t h  a pa ra f f in  w%lI made c3n- 
duct ing  with o, very thin caat  o f  oquadag ahmM glva read= 
ings ( i n  r -cqulvalcnta)  abaut 15$ greater  than the borrcs-  
pmding t i s s u e  dxw. When it i s  desired t 3  measur0 frrst 
n c u t r m s  i n  thc  presence af gama rays,  LS p a i r  of balanced 
chambers, one with a hydrogen-cmtaining gas and one with 
argon, for example, con be used.(3) 

2.7 D?se. M3surernent f a r  SlJw Neutr3ns 

When s l 2 w  neutrons en te r  the bady they a z c  p r a c t i c a l l y  
cJmplotely a b s x b e d  i n  the f i r s t  f e w  cent imeters ,  M x t  af 
the  a b s m p t i a n  arises fr;m (n,Y) r e c c t i m s  i n  hydrogun m d  
n i t r q p n .  
t i s s u e  are given i n  the f ; l l m i n g  t a b l t :  

Thc ncccsswg c3nst:nts f x  H and N i n  bJdy 

1 1 5 5 9 1 1  



p. 1’1 RADIATION AND I T S  BIOLOGIC& EFFECTS XII ~,2,7 

2. Practical  - Measurement af D x e  (cmtiriuedl 

b 

Table 4 

2.2 bdev 
0.9 

6.0 x 10-5~m-l 

i 

o f  stoms/g 
apture c r w s  sec t ians  (cm21 
am0113 rag energy 

ed in thc t w o  elements 
bsorptlon ecrefficient f i)r 

act ion of neutrons absorb- c the y rags 

Nltr x e n  sc 

1.71 x lofib 
1 . 4  x 10 
10.8 &V 

0.1 

It I d  d i f f i o u l t  ts specify accuratclg the dose par slm 
neutron due t o  neutron capture in t lsaue.  I t  5 8 ,  however, 
approxislately true that the effect  of a dmo o f  @law he~tpon8 
i s  equal t o  that o f  the carrespondfag y rsys emitted va&q 
neutran capture, F P M ~  this, the tloae in r . 0 . d .  unit8 & o w  
resgondLng t 3  I?, slaw neutrans per e& Incident an thc bxlg 
i s  seen t o  be: 

\ 

where P’aIr and CL”airr respactivelg, refer t o  the absorption * 
caeffleients i n  air Jf the hydrdgen and nitrogen gama rays,  
cnd E’ and E“ t a  the r6;spectlvs cnergfes Jn BV af thcseYrrsgs. 
Using 140 as the value o f  the quantity in brackets i n  quatlon 
( 6 ) ,  the d y e  corrcspwding  t o  NS s l D w  ncutrons per cm’ is  

2 ~ o s s  0 2.1 x 10-9 N, roentge 
ar Ns/c& per r . e . d .  = 5  x 10 

hn ordinary packet chamber gives a g a A  measure of the 
d m e  received f r m  s13w neutrsns since the y rays produced 
I n  the b d y  arc mcssurcd m le3vlng t h z  bJdg. 

I 

I 1 5 5 9 1 8  
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2. P r a c t i c a l  Measurement of Dose (continued) 

REFEPiENCES 

(1) Gray, L. H., "The Rate of mission of +Rag Energy 
by RaE3 and R a C  and by Thorium B and Thorium C"," 
Proc. Roy. SOC. w, 263 (1937). 

I .  



Pa 13 F~ADIATION AND ITS BIOLOGICAL EFFECTS XII ~,3.1- 
3 . 2  

3 .  Dosage Rate  as Rela ted  t o  T y p e s  and D i s t r i A u t i m  of 
Sources 

3.1 Radium 

a. Energy r a t e  per _curie_ 

a. 

b. 

Gamma rnys  fr3m uranium 

Dolloge rrrtc 9 0,- r b  from a r w t s c e  oi r o l l 6  
aagle 2~ 
component equals 0.07 cm'l for Pb. 

The absorption coeff ic ient  of the hard 

Beta rays from uranium 

These arise primari ly  from U X 2 .  
Dosage r n t e  f o r  contac t  with mctal = 0.25 r/hr 
Percent t ransmission by gl3ves:  

Gloves m/crn2 Remote Source Corltact 

Canvas 24 90s 754% 
Horse hide 90 69% 43g 8% 2 ;  Liad- 1~ st her 4130 



RADIATION AXD ITS  BIOLOGICAL EFFECTS - 
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RADIATION AND I T S  RIOLWICAL EFFECTS XI A,3,2- Q P *  15 3 .  
3.  Dosage H3te as Relz tcd  t o  T Y D ~ S  and Di s t r ibu t ion  

of Sources ( con t inued l  

c .  Alpnz r9y3 

No hazard for externcl i r r a d i a t i o n .  

-The' P i l e  

For r a d i a t i o n  from graphite p i l e  r e f e r  t o  
and X I  C , 1 .  
For 8hieldIAg of graphi te  p i l e  refer t o  C 

3.4 The Bxtractlon P&& 

For 8 N e l d i n g  refer t o  Chapter 

A nomogram i s  given here (XI1 A,3, Fi 
distance, thickness  of concreto 8hie16, L1 
of 2 Mcv gammrr rags from f i s s i o n  pr 
A straight edge l a i d  acr'oaa the page give8 the 
between these w e e  q u a n t i t i e s ,  

3 , F j l o n  Products 

- 

See Chapter III . 

I I 5 5 4 2 2  

A person or  other living organism In a m e d h ~ ~ ~  
r ad ioac t ive  material is dispersad as gas, dust, 03! dIs8olVeb 
substances is subjec t  t o  r a d i a t i o n  hazard from (1) the rad* 

. i a t i o n  s t r ik ing  the  outside of the body, and (2) 
m t e r l a l ' g e t t l n g  i n t o  the body v l a  the lungs or 
i n t e s t i n a l  tract. 

For -external irradiation, this problem lnvo1 
an  expression of the eafe  amount of rad ioac t ive  mate 
per u n i t  volumo of' the medium i n  terms of the tolerance 
dose. The I n t e r n a l  effects which fo l low the breathing; or 
ingks t lon  of the mater ia l  c o n s t i t u t e  a more complic%sd 
prablem and Involve a knawlodge of the absorpt ion and ex- . 
c r e t l o n  ra t€  f o r  di f f erent  substances i n  body organs. 
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p *  17 RADIATION AND I T 3  BIOLOGICAL ETFECTS XI1 ~ , 3 . 6  

3 .  Dosage Rate as Related t o  Tmea and Dis t r ibu t ion  
of Sources (cont inued1 

a. Tolerance concentrat ion f o r  e x t e r n a l  &r adia 0 .  
If rad ioac t ive  ma te r i a l  I s  apread uniformly- through& 
large volume of medium, then  obviously, for  a p 
the medium, tho energy Ea absakbed per udt vol 
the  energy E* emitted per unit vo1-t & 1$. 

where p is  t h e  absorp t ion  c o e f f i c i e n t  for the I! 
When R ~ > l / p  t h i s  reduces aga in  t o  

In Teble 1, XI1 A,2.4, there i8 ai$ 
e rcn t  units the rate of encrgy absorpt% 
i n g  t o  0.1 r per 24-hr dag. 
a t i o n  by two  ( s ince  Eo = 2Ea), repr’csent 

a large air  volume will give a to le rance  dose for e ~ t e ~ ~ l s l  
i r r a i a t i o n .  I n  this ay t he  t l c rance  c o a ~  

a l/z&, 

These valtles 

Pound t o  be 2.5 x 10-1rmtts/c4Kl s OP 1.5 x 10 s 6 

T h e  to le rance  conccnt rs t lon  may a2roc$ortvenls 
expreaaed i n  terms of c u r i e s ,  bt I be thf3 en8Sgf. 
each gamma quantum or b e t a . p a r t i c l e  emaitted. Then the Etnergg 
emitted 
3.7 x lop0 ME. 
obtains  the to l e rance  Concentration in curies as 

e r  second by the prescnco of Ad CW?$CS per d l r  
Equating t h i s  t o  1.5 x 105 ev/cn?-8ec, one 

M = 4.15 x 1 0 - 6 ~  c u r i e s  per c d  of air (2) 

V2lucs of M f o r  r ad ioac t ive  gases a r c  easi ly  obtained from 1 

this formula when the  energy of t h c i r  r ad ia t ions  is known. 
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p .  18 RADIATION AND ITS BIOLOGICAL EFFECTS XI1 ~,3,6 

L. -Dosage Ratc as Related t o  TyDes t g ~ I  DlstrQutloq 
of Sources k o n t i n u u  

concentration fw 
imnersed body I s  B 
external raclistiu& 
be obtained in the 

concentration ie one third of tho f 
of Table 1, XI1 A,2.4. For the bro 
larger ef fect ive  volume t o  n3SBlI rat 
far bata rays and gamma rays the ux 
than the  lung exposure ulncc the effect 
which radiation can come is greater for 

On the bash of tb 1nc;lbeaCc of 'ha 

REFERENCES . 
(1) Parker, H. M., "Radiation hazard t r o l p  ]E 1prW8' 0 

(2) Wollan, E. O . ,  "Tolerance conoontration of radio- 

Report CH-619. 

active gases in the atmosphere" - Report CH-504, 
Section B1, Appendix. 



P *  1 RADIATION AND ITS BIOLOGICAL EFFECTS X I 1  B , l . l - l e T  

B. TXE BIOLOGICAL EFFECTS OF RADIATION IN RELATI03 
TO OCCUPATIQW Exp O m  

day, or 0.02 rocaten u 

Whathor or not ZL particular radiation +ill pmhwci daa- 
3e;lng cffucts,  2nd ~ ~ 1 8 0  tht, nature of thus0 e f f c  
upon the abi l i ty  of the r 

dc8 t ruc  t i w  their rangc 
proximately 0.1 5. But 
r,adl.o.xtlvc I s  deposited 

t ic l t l  i s  ao longcr so grcrrt*a factor, S$milarly, low energy 
b14ts  rzys (as from Xo or I) cwnot pcwtrzatt; thc sk in  t o  an 
ef i tc t ivc;  depth, but thu 8-e btta umlttzr in the b a t ,  lung, 
or thyroid In sufficient quantity may be most InJuriaUs. 
Thcst ?-Qc; cnrnp1Ls a f  inter-; thb t o l f r r w u  
v3lucs for inturn31 absorption of fission materi31 based on 
,xisting knoulcdge arc discusacd in X I 1  C,2. 

* organ (e .g . ,  bone marrow) 

\ 



Even though the c f f e c t i v ~ n o s s  of high cncrgg gamma rags 
par u n i t  denaity of ionization may bt less than that of low 
-nergy 8- rafq. thdr  a b i l i t y  t o  penctratc i n t o  mare vul -  

rad ia t ion  req 

d i a t i o n  than in that a i  356 p of uoft XI 

in a l t e r i n g  the degrot; of i o n l z z t l o n  2nd biologicpal afrw- 
t i v o n c s s ,  and its  dtrpcndenct; upon thci quality of the iaciUcnt 
r n d h t i o n ,  2-ro i l l u s t r a t o d  b7 the fol lorrbg tabulatod ro8ults  
of calculation8 @r 3. M. P3rPcr. For Uitfurftnt w l i t % e a  of  

ht f inds;  

The effect o f  

r d i z t i o n  with v+arpi.ng gtolactrics and # 

U q f Z r r  3dl3tl  on 

Soft x-rays from large diatancz Approx. 1.0 
Gauntr  rays from large dlstnncc 2 - 5  
G m m n  rays from point  source a t  100 cm 1.3 
Gamma rags from point sourcc: at 10 cm 0.6 . 
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P o  3 RADIATION AID ITS BIOLOGICAL EFFECTS XII ~,1.3- 
1.4 

1.  Rolation Between Character of Radiatian -~ 

and B i o u i c a l  Effects (continues 

-e Factor and T-1 DOSQ 

need consideration. Thew w e  (a) thrt dwogo rate, iLRd (b) 
tho tutal dqrotlon of sxpoaure. 

~ ~ d 0 8 p c C t 8  of the timu factor i n  rtrdirrtion acpoauro 

would 88tHU &bat DO Pe8tP~Q.th4M1 abo& k3 $!dk 
rata at *a4 genaral body radSn%%Ul3 %8 re 
levo1 uOdgr womt$oarrl csMabit1oMI. 

# 

connection with t b  

at ion of the exposure. Ho I s  expoaed thon t o  a total c?# 
100 r .  His wolfare depends great ly  on whether he recei’vea 
the 100 r i n  a to ta l  time of 1000 dags or whethctr tho dur- 
a t i o n  for the w ~ n e  exposlure is 100 or 10 days. 
far this are tnbront  In tho Pegonarotiva propertios of 

%e reaoha 

t f 8 S U o 8  (8430 Xff 8,201)- 
\ 

Apart from the time fac tors ,  the ma$rkitude of tho tataLl 
dJsr; - t o  which the t o t a l  amount of t issue imizat im is 
propmtional - i s  o b v i m s l y  of outstandiw importance for 
tissur, d-ge. 

1.4 R a d i o s e n s t i v l t y  of Tissubs 

a. Radiosens i t iv i ty .  By r s d i o s o n s i t i v i t g  is m o a t  the 
r e l a t i v e  vulncrabi l i tg  t o  radiat ion of a tissue l i v i n g  in its 
normal physiological environment. Although we tend t o  think 

1 1 5 5 9 2 8  



Pa 4 RADIATION AND ITS BIOLOGICAL EFFECTS X I 1  B,1.4 

1. Relat ion Between Character of Radiat ion 
and Bio logica l  E f f e c t s  (contlnuod) 

of each t i s s u e  aa having i t s  own inherent  r r r d i o s e n s i t i v i t ~ ,  
advcmcr;s I n  the  app l l aa t ion  of r a d i a t i o n  t o  modicnl US68 
have come about lsrgely by l e a r n i a g  t o  
af esposuro t o  take dvant- of the V 
of d i f f o r o n t  t i s s w r .  

di f fe r ing  rod ior~ml t%v$t%er ,  Ecrrt dl€lolrta 
differently t o  the 819~~) i O n i J r q  m e  O f  
a r o  aLso vasirrf;&mm arftaJla strqi8s af 

b a e d  on t8o blologiaal d f a b t 8  of c 
lower sd.mala.  

Tho problom is hulthe 
evont8 which can altm the 
A feu ex~unplcs w i l l  wrve t o  br l  
t o r s  whioh u r ~  Lnm. 

p r i n c i p l e s  of phrrrmacological oc 
l e s s  apecialitad i n  func t ion  t o n d  t o  be 
t o  r ad ia t ion .  
refcrrod t o  as i t a  
cells of' t he  norvous ay8 
by i on iz iag  r a p .  A t  the 
of t he  reproductive or 1 
vulnerable. 

g r o w l r q  and a c t i v e  oells 
ones i n  a given tisrue. 

d. w l a r  e n v i r o w  The colmpositi~h rrSr the 
modlUm,or tho  environment uf the ce l l s  cosnpPiSiaa(st Q tissue 
s t rong ly  a f f e c t s  the rad iosens i t iv i ty .  T U 8  1a o'torrel~ 
s s s o c i a t e d  w i t h  the complex phyalo-chemiaa1 alterat%#O 
which must ensue within t he  c e l l  whon it  i s  subjected t o  UZB- - 
n a t u r a l  ion iza t ion .  Whether the e f f e c t  of tho ionization 
is a d i r e c t  one, taking place wi th in  the  c a l l ,  or an i n d i r u  
one r e s u l t i n g  from a l t e r a t i o n s  in the environment, 1s s t i l l  
l a r g e l y  a matter of conjec ture ,  although evldence I s  ac- 
cumulating t 3  shaw that b o t h  mechanisms m y  be ac t ive .  

l o t  only ma7 we tW Or Wfersnt t i s 8  

b. Different_- Contrary t o  t he   mor^ ae 

The &&Pee of apcalal iaat  

c. CL Sn genaral, the 
onaitive ' 

As 

1 1 5 5 9 2 9  



P* 5 RADIATION AND ITS BIOLOGICAL EFFECTS XI1 B, 1.4 

1. Rola t ion  Betwecn Character of Rad la t im  
and Biological Effec t s  ( c a n t i n a  

', 

1 1 5 5 9 3 0 .  

an  example of t he  e f f e c t  of environment upon r a d l o s c n s i t l v -  
i t g  onc m y  c i t e  t h o  diminished a f f e c t  of r a d i a t i o n  upon 
athurwiso extremely r a d i o s e m i t i v o  tissues when they  a r c  
subjectod t o  a reduced oxygen supply during the  tW of ex-  
pasure. Likewise t ho re  . la experimental  evidence t o  show 
tha t  8 ohangc I n  t h e  mid-base r o l a t l o n s h i p ,  atfeoting tho  
p u r m e ~ b l l l t g  of c e l l  metdbranos, can for certain t tssusr  In- 
crease the i r  r a d l o s o n s i t i v i t g .  Physical factors suoh a8 
hcat,  cold a r  previous r a d i a t i o n  may a l t e r  CLther the 
r a t e  or onvlronment of the c u l l s ,  Lufd thus produca o e 
in t h e i r  v u l n e r a b i l i t y  t o  ionizat icm pr;lducs4 hn t b a  
thc  modlum in which thcy l l v o .  

e .  Threshold and non-tb- If  o m  plots 
a dose-effect  graph f o r  vwioua  t i sauoa  s u b ~ c c t o b  t o  radls* 
t im,  thurt: &e I n  gonGral two forma whlch the graph nwy 
take: 

Do= 
(A) Curve A I l l u s t r a t e s  the non- theahold  C(LBB, where 

08 t h o  dose is lncrcasud thoro I s  a llncar in-  
armae In the  e f f e c t .  There I s  n3 I n i t i a l  threah-  
old of dose which must be exceeded boforu an 
e f f e c t  is abtalned. T o  recognize a non-threshald 
e f f e c t ,  It m a t  be r e a d i l y  abservablc or  mcasurable 
after exposure t o  minimal amounts of radiation. 
An example is the inf luence of r a d i a t i o n  upon the  
germ plasm of lower organisms, 

(B) Curve B i l l u s t r a t e s  a threshold  a f f e c t .  Hare th s  
e f f e c t  is n o t  measurable by present  methods u n t i l  
a c e r t a i n  thresha ld  of dose is excsaded. Thresh- 



p .  6 RADIATION AND I T S  BIOLOGICAL EFFECTS XIS B, 1 e 4  
4 

1. R e l a t i m  Between Character af R a d i s t l m  
and B i a l a q i c s l  E f f e c t s n t l n u e r  

- 

--. 

2ld e f f e c t s  are na t  l i n e a r  wi th  d3se but  msumt? 
some form of S curve. The e f f e c t s  of r a d i a t i o n  
upon the skin and t he  blod-forming orggene a r e  
emnxples Ur.tll the' dose reaches 3r B W p a S S t 3 8  
the  t 'nreshold,  th6 first O f  s k i n  e f f w  
(srythe-) or of sffeot upon the blocxbf'orlaf 
wgsarr (a8 re f l ec ted  i n  the c i r c u l a t i q g  br3 
a$@ ncrt reen. 

The lujoritiy OJ Wl la t lm effeots me t 
af t h e  tnPerho3.4 type, X t  my bs that 69 a 
d i c a t w s  a r e  found t o  xmBsIuFe tiffecta, mare Crs 
aeen t o  be of the non-threshold type.  

f .  Fevers- . The 
diati3.i cffecta is irq?ortsnt, particular 
e x p ~ s u r e .  B7 r e v e r s l b l l l t g  is meant t he  
t o  i t s  previaualg narmal s t a t e  after sxporure 
ued. The r e v e r s i b i l i t y  of any a p e c i f i c  effect 
upon t h e  r epa ra t ive  or regenera t ive  p r o p e r t i e s  of the t l s r u e .  
Some t i ssue8 ,  such as sk in ,  the blood-forming elemsats, melp- 
branous linlngr of body oavi t ies  o r  glands,  and ptr 
nerve8 we endorad with a s p e c i a l  mechanism for pli 
regenerat lon.  Other t i88u88, such aa muscle, brain, wid 
c e r t a i n  a t r u c t w s s  of the kMneg or eye, have no provir$crn 
f o r  regenerat ion.  I n  them r e p a i r  is by t h e  formation of a 
s c a r ,  which does not take over the  func t ion  of t'ne o r i g l n a l  
t i s s u e  which it rep laces .  The e f f e c t 8  In such cabll811 are 
said t o  be a 

In order for an effect t o  be r e v e r s i b l e  it muat not 
produce injury barjond the  lwts of the normel capacity for, 
regenerat ion.  Otherwiae the e f f e c t  l a  permanent mQ m y  
l ead  t o  complete d e s t r u c t i o n  or exhaustion of the  t I sswr .  

B o t h  thp t o t a l  dose and the  t o t a l  t i m e  over which I t  i s  
given may affeet the  a b i l i t y  of the regenera t ive  processes 
t o  func t ion .  If the  t o t a l  dose l a  excoaslve,  I r r e spec t ive  01 
the  time over which it is administered, regenera t ion  and 
r e p a i r  may be impossible.  On t h e  other  hand, a t o t a l  dose 
Wilich w i l l  produce r e v e r s i b l e  e f f e c t s  if given at a rate 
s l a w  enough t o  permit regenera t ion  may Instbad r e s u l t  I n  ir- 
r e v e r s i b l e  damage t o  the  tissues i f  given ovcr a sho r t e r  
gi'r i J d .  

t 1 5 5 9 3 1  
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P *  T I-ADICITIOA FLNLJ ITS BIOLOGICAL F i i  EXTS XI1 B , l . 4  -. 

Relatim Between Charactcr - af Radi_aLm 
1.5 

1. 
and BiDloRical Effects (contilludd) 

A t i s s u e  wnlch has returned t o  apparent normal fUnc+-- ,s  
fol lowing radiation damage may not, 
damage and mag be unable t o  regtinerats 
radiat ion cffect, i n i t i a l l y  followud by 
t u a l l y  exhaust the rb66rvft for rege 
or the tissue. Hencc praviourrlg ~ t a i  
( for  t.xaanplo t 3  skin) nhiub lpss 
by regeneration arad return t e  norm1 
f u l l y  observed and a repetition or tbs 
banti marrow, in spite of i t a  renraarkcitrle 
I ' P ~  radiation injury, will eventually e : ~  

cratlvd rcstrw under t o o  frequent cu: t - d  hw 

~ s u r n m ~  
BGforci' c o n s i d e r l r .  s x . ~  'of tho bjolagiwb1 c f f u c t J  

radiet lm In noru d e t a i l ,  l e t  u3 8u 
prlncipltjs governing the8~. 

( a )  The naturL of _the r a d d a w  

( 1 )  Dlffrlrent tpptis of radiation pjl04ucc;i 
degruos of ion dcnsity along their tp 
throu(;h tissue 

depondent upon the ability of the radiat%on 
netrate t o  8 cer ta in  loca t ion  or d 

This I 8  a Punot loa of 

( 2 )  Thc ionizat ion i n  a partiwlar tissue l a  

wit g. Za the body. 
. the enorgy Df the radlationa and th<: gi; 

of thu expolure. 

inf luancos thc: s f f e c t  producud. 
(3)  The t o t a l  duration ovur which e dosu 2s Glen 

( 4 )  The t o t a l  doati detcrmines the total ionizatio1- 
which can be producud i n  the biological medim. 
but the rusultant b io log ica l  effcct irs alss  
inf lucnctd  by t,ht above fac tors .  



P *  3 RADIATIOIJ AND ITS BIOLOGICAL EFFECTS XII ~,1,5- 
1 Relat ion Between Character of Radiation 

and B i o u i c a l  Ef fec t s  (continued) 
2.1 

(b) The blalo-m 

(1) The r a d l o s e n s i t l v l t y  of 8 t3,88W UP OJ$Wha 
largely date~a3iaes the form curpd degree af t+ 
ef feat  proQuae4. 

(2) T b  rsdioasaririv$ty maif 5 
bg 8ueh faotaP8 88 Fat8 Of 
WtgVItf OX' fWBB%$QII, M d  
l o a 1  envtrommnt. 

old aiiects. 

Cortatn b1olog1081 ef fects  arc rev 
followiag Irradiation, t o  8 d q g ~  
upon tho regenerative capaoftp o 
Tho reparativu processes may, houevg~, 
exhausted by uither an t;xcesmive total  
or onc; rc;cc;lvcd t o o  rapidly t o  permit repair , 
ar r u g ~ z ~ ~ r a t i a n  to- bu JccomplishJd. 

Thc Pupt i t i t ion  of r-adiat im Sn3uqr, 
rugtnuratlon, tivt3iitu3lly ltmd 

(3) Biologica l  effeatr may OP 

( 4 )  

( 5 )  

tht; tissue. - 

P 4 t V  
R j  h e r e  o - 

2.1 The T- Do$ e 

The tolerance dose f o r  total b d y  e%posure to gamma ra- 
dia t ion  of 0 . 1  r per 24-hour day and the tolerance dose for 
fast neutrons of 0.02 r . 8 . d .  have been discussed In prevlaus 
sec t ions  (see XI1 ~ , 2 . 6 ~ ,  XI1 B,l.3a and b). 

A brief  review of the history 3f the tolerance dose 
brings out the d l f i i c u l t i e s  in przc i se ly  establishing the 
permissible working  l e v e l  for  l x ig  caritinued expmure. The 
evidelice an Which the f;olsr.ame dsse f'or external tdtal 
bady i r r a d i a t i m  has been establ ished has been gained almost 

+mHlb 
\ 1 5 5 9 3 3  



P. 9 RADIATION AND ITS BIOLOGICAL FZFEC'TS XI1 B , 2 . 1  

I 2 .  Oc-atioiial Disease --- 3r P a t h w a l  S t a t e s  
Resulting from Overexposure. (eontin-- 

i 

e n t i r e l y  from medical experience i n  using x-rayo and ~ I Y Z U ~  
rays as t he rapeu t i c  or diagnostic agents .  Attempts werta 
nade t o  determine 
:ears after i t  waa 
produce severe  skin damage. 
were l a r g e l y  thoge t o  skin, 
marked r a d i o s e n s i t i v i t y  of 
1905) and of the reproduct1 
carried 8 m e  WWning t 
the  s k i n  could be antic 
t 3  insure p r o t e e t i o n  fp 
1915 by the Brftish R 
hDwever, was delayed. To 
of the  w a r  a c t l v i t p  u 
br ing  f o r t h  impartant ardvan 
maitds, c a u t i m  gave 
wcjre again f o r g o t t e  
this t ime probably 
for tunate  deve lopknt  i n  1919 (LIBb 1921, both In 
(U.S.A. )  and I n  Europe, when a number af prorain@ 
wmi;ers died of apparent r a d i a t i o n  lnJwrle#, pa~lcicrular 
a p l a s t i c  anemia. Unfavorable publioity develop&, 8Hd 
initar ac t ion  r e su l t ed . "  Thir: ~ & y e S &  Ih 
prablern concisely, end serves a UaP$#&#@ t 
insure adequate p ro tec t ion  f o r  tW fw loore 
c~f the presen t  war. 

safe working l eve l s .  
ds a q u a n t i t a t i v e  u n i t  of rsd&&m, the t o b r a m e  d m  WM 
o r i g i n a l l y  expressed i n  " d r g t m  do$e." The srythelaec bow 
was t ha t  amount of r e d i e t i o n  wttich @ a c e d  (L prrroit 
reddcnlilg of the skin. The redietion8 eoalurrted OI! 
wdre l a r g e l y  s o f t  x-rays,  and tho to le rance  l e v e l  n 4  
var ious ly  determlncd as 0.01 erythema dose per month. For 
200 kv x - r a d i a t i o n  t h i s  is equivalent  t o  -0.2 r per clay. 
This f i g u r e  was f i n a l l y  adopted by t he  I n t e r n a t i o n a l  Cum- 

mitte?2? 1924 , which was the  f i r s t  agrcumunt  on any dufini t r ;  l e v c l  
3f t o l c r a n c t .  As an  outgrDwtt of t he  In t e rna t iona l  Can-  
mittea 'vhcrw vras i*ormed i n  the United S t a t e s  an Advisory 
Caninittee on X-ray and Radium Pro tec t ion  which published 
i t s  f i r s t  r e p a r t  In 1331 i n  the  Burtau of St.andards W d -  
book No. 15. Eerc tht? to lorancs  dosc was s e t  a t  0.2 r per 

Ind iv idua l s  i n  var ious  couatriea attempted t o  cjrrtebllbh 
Since tb@,,poontgen w a s  not yet adapted 

n X-ray and Radium Pro tec t ion  i n  i t s  repor t  in 
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2 .  Occupat imal  Diseaso m P a t h a l x i c u l  StJt6-s 
He su It i ng  f r om Ovt: r B x ~ o s u r  c: ( c on t  inuod ) 

4 

day. 
Standards Handbook l o .  2 0 )  f o r  x-ray8 end ge~arra rays. Al- 
though the  reason f o r  t h l a  c h w  l o  not g%?Gn, i t  Ua8 Wt'- 
sumably mnde to 'allm f o r  tho greater penutration BBb 
p o t e n t i a l  dam@ ?by gamma ray8 
t o  rcjduce the l ikel$b$ml of ge 
was then gaining reeognitlon 

The srrPotg f a c t a  inhere 
is c debstab3e Par thos 
c f r u C t 8  at fir86 kanb tba 88f 
Incrcwed oxperionoe, hmver 
questioning t h o  ab6 war of 
erance dose values t b a e d  on raft x-ray8 
weightad by a aorfetv facstos of  ua -40 .  
energsticz radiation (rrwrtry snb 
comes a l l  the more iaQolrtmt, 
present  tolerance dore  r w l d  
2 . 5  r per day. Anbust exper 
oontinuous gananrr rag exposure of 1.9 r per 24 h w 8  rill 
s i g n i f i c a n t l y  reduce the l i f e  span ln mica. 
pcrience wi.th rad iu  work8rs re$u$v&ng 843a6?%- \e 
1 r pcr  day we OM judse that 4L&k Wd%ty f 
than  10, This 3.8 not ar ride a W e n  of I. 
workers f c e l , l s  hipoaed upon thamw tiha 6,  
For th is  reason we necd t o  emph3sise contiaulirllf thw tb1- 
though 0.1 r pt;r dsy is the t o l t t r ace  doclo, Lesa thrra 0.1 r 
pcr day is d e s i r a b l e  and should be s t r iven  tor when prac- 
t icable 

' 

orgms f i ra t  prompted the e s tarb l i sh i~  of a tol@ra#re t3XW 
f o r  t o t a l  body rad ia t ion ,  Although the skin was thu first 
znd remains the most common a l t e  of d e o ,  ne toloraace 
dose has ever been a c t  for permissible l oca l i zed  exposure of 
t he  s k i n  of those working with rad ia t ion .  The p o s s i b i l i t y  
of gcne t ic  damage was seen from experimental results in 
lower; orgsnisrns. The problem of 8 tolerance value for radio- 
c c t i v e  gases was encountered i n  deal ing with radon, and 
l i m i t s  of atmospheric concentrat ion under working condi t ions 
hLvt; been e s t ab l i shed .  The occurrdnce of fa ta l  blood dis- 
orders and na l ignant  bontj tumors i n  radium dial p a i n t e r s  has 

This was later r e v i s e d  t o  0.1 r per day (Bureau of 

Frm 

Obsorvctblu danqp t o  the bSaod-faraiq Jleirri ropsoductlve 
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2.2 

2 .  Occupational Dlscnse  or P c . o n i c c r l  _States_ 
RcsultinR- from Overexposure (continued) 

o n l y  recent ly  led t o  the eatablhking of' a maximum to lermcc 
mount of radium which can be deporlted within tb body 
without apparent harmful effectr. 

I n  order t o  clarify the 
the HIWQ b?&poPtcmt affects a(r 
poawe \rill be reviewed. 

for (rux! 
blood i r  irr mun a rmlatively 
marexposum t o  rebirrtian. 
=e not, ~OIVQVBF, oommonly appmol.ated. 

olldt avaitisbl 

R&ation Bf'feslir the t i e a w r  Prbich &%OQd. lPLurda 
>re located in tW barae marraw and lymphat&? sntm scat* 
tcrod oVer the body. 
f l L C t 3  Injury not  t o  the blood d i r e c t l y ,  but t o  the blood- 
f o r m i n g  tlrrsuer. 

Alteration I n  thrt blbiod count thurr FC- 

The tsffect rapid; alt8rat%aD blood C O U n t  
bo observd within 813, laour after t o t e t  ZOdJ Wurerpoaurs. 
The Papidltg an8 magnltudd of the obrurlrsbla erfeot Lutd the 
recuperation t l m o  depand upon tho dose CLRd won the regcn- 
crstive powers of the blood-f orming tisauaa,. 

hearia i s  a late, not: an early,  s i g n  of cwoIpexpoaure. 
When the production of red blood aollrr bss Mea affeateb BDd 
is reflected i n  the c irculat ing  blood, th madi t ion  o f  t b  
bone marrow i a  precarious 

The white blood c e l l a  a r e  the  ea r l i e s t  indox of over- 
The following table  indicates  thb nature of tho exposure. 

a l terat ions  which may appear. 
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2. OccuDationa Disease or P a t h o l x l c a l  St- 
Resulting f r o m  Overexposure (continuedr 

The Hormal Circulatfng Blaod Elements in the Adult (Wintrcbe) - -- 
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2 .  Occupat imal  Disease or  Pathological  S t a t e s  
Result  inp. f r  3m qverexposure ( c  x i t i n u e d ) l  

n w h i t e  blo3d c e l l  l e v e l  f a l l i n g  belsw 5000 sn:iuld bc. 
laD!ccd u p m  w i t h  concern i n  ane warking undcr raciittLdi e:: 
posure. Men who show unusual s e n s i t i v i t y  may have t o  bt 
&vcn work not  involv ing  any r a d i a t i o n  hazard. 

We have no means as y e t  f o r  permanently r ev iv ing  a 
blood count which has been lowered by r a d i s t l o n .  It is cr.- 
t i r c l y  up t o  the i n d i v i d u a l ' s  blood-forming organs t o  d3 ii 
f o r  him. Avoiding all f u r t h e r  r a d i a t i o n  and observing the  
r u l e s  of healthful l i v i n g  w i l l  a i d  b u t  not guarantee a re- 
c w o r y .  

2.3 The Reproductive - -  Organs a n d x n J g > s  

Thj eldmls;:ta 3f t h c  r tp r rduc t ive  organs which mag bd 
i n j u r t d  a r e  (a) the prDgenltars of t h t  sperm or ova, and 
(b) the  genes which make up the  chromosomes and t ransmi t  
he red i t a ry  f sc tora .  

a. &product ive o r q a n k  S t a r i l i t y  can readi ly  be pro- 
duced by radia+,ion bu t  t h o  d ~ s s  n(;ctss;JrT f o r  the male i s  
-&0-1000 r t o  t h e  t e s t e s ;  i n  the  female (dsptnding upon 
the  age)  a dose of about 600 r i n  the ovuiZ;s  w i l l  cause 
pt .rmnect e t o r i l i z a t i o n .  
indicatG that c m t i n u o u s  txposurt t o  gama radiatim on 
1 t ;ve l s  of 4 arLd 8 r pLr  day will produce damags tc) the 
warics and t23 te s .  This  was p r t v i m s l y  shown by Russ and 
S c s t t , ( 3 )  who xposGd mice t o  continuous gamma r a d i a t i o n  
(11.7 r per 24 hours)  f o r  a period af 4 rnmths, and observcd 
EL marktdlg decreased f e r t i l i t y  as wel l  as diminished v i -  
a b i l i t y  of the young. Gross negligence in pro t t3c t im  cauld 
produce, over a per iod  af ]ears ,  a l t e r a t i o n s  i n  tht; f e r t i l -  
i t y  z d  the  ind iv idua l .  Thtire is no tvidcnce t o  i n d i c a t e  
that  exposure t o ' o u r  p r s s sn t  to1t;lra'ncc ~ L V L , ~  w i l l  do 83. 

b. GLnt:ic k:l,iury. I n  1327 Mullcr(5)  demonstrdted 
that t he  mutation" r a t e  of the  f r u i t  f l y  could e acce l -  

rriliml Gxpcrimvnts i l l  prag r" s s (4 )  

e ra ted  y exposure t o  x-rays.  Bag2 aild L i t t l e (  8 and 
S n d l ( 7  P have produced radiati >rl-liIducbd mutatiolis i n  mict . 
Radiat ion inc reases  the r a t e  of appearance of the common 
mutations which a r e  known t o  x c u r  spontaneously; i t  pro- 
duces the  uncmnon ones only r a re ly .  S ingle  expasures of 
30-40 r wi;' 2Jiible the  mutation r s t e  i n  the  f r u i t  f l y .  
Slnzle doses :+' -500  r a re  required t a  praduce mutatians 
i n  mice, bL.t, ?nsse  are prcduced i n  i'il lawer incidence thm 
i n  the f rL-- l  !-:r. 

zl-tcrcztlon In 2:rm plzsm. 

-- - -  -4 --- --- '* A r?.:tcL'31 I s  an  h z r t d l t a r i l y  t rs , ismissIble  abrupt 
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L. O c c u p  a t  iona-Dis eaa e o r  P a t  halo@& St a te  s 
Resul t ing fram Overexp?sure & n t l n u a -  

Radiation-Induced mutations have been fosud t o  have 
c h a r s c t e r i a t i c s  which bear on the  practical aawi4wet;iun 
of rad iogenet i s  change8 due t o  mcuptional 8- 

l a t i o n s h i p  between do88 and inere8aar in 
There 1s no thre8hold effect (Il(l8 as 
t i o n  of exposure %8 t b 8  a t M i t I v e *  Ps@ 
ni tude  of the effect  

The most lmportant of these 18 that t b r e  i 8  a .. 

dosage rata Of' t h e  OixpOSUFd, 

bllut&tiOfA8, e43 
Are about re,tha 
spring does not mw 
d i e s  shortly thereai*'Gr. 
daminant or r e c e s a l  
exposed paslent organibm, 
If its d i r e c t  offrpring. By recra*lrtre Is 
ef . ' ec t  might ~ p p e a r  only 
t h e  radiated s:ibject. fn nwl i t  Would 8 
dcsccndmts  only should couslnn or Beat? 
mdrry. 

meet 3nOthdr mtatsd g6ne dsaccand~td f 
t i o n .  This would ind1.c 
ccrned  about the recresslve deleter 

It hcs been ccrlculated froit the ItaWr, 
that SOIW 50co ~ Q ~ Y I S  *O  

ThL viabis mutat1 
whether sponta.-ieous or 
9596 deleterious ones 

' p e r t a i n  t o  other than 
are sax-linked llartati 
daughters of the sps 
spontaneous rate 
y e t  v iab le  mutation8 
mutations) is about 1:2700. It haa been caleubteb %@at 3n 

ed dose of 300 r w i l l  raise this prob&LX&eJf accumut8j 1:230. 

Knowledge of genetics, and p a r t i c u l a r l y  tho ontire 
radiogcne%ic knJwledge, have bean gained from experirndnta; 

- -  --- 
*Base& (.I. the number of chromosomes i n  the  female (48! 

and male (4;: the chance I s  fur thor  reduced by a fac tor  Df I 

1:24 in th; fi.sa,le and 1:47 in the male. 

plsrr, 



P. 15 RADIATION AND ITS BIOLOGICAL EFFECTS XI1 B,2.3- 
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2 .  Occupational Disease o r  Pa 
R e s u l t i w  f rom Overexmsur 

studies In t he  f r u i t  f l y  8Dd t o  o fasl l e s s e r  ex ten t  in laicc 
Actua l ly  very l i t t l e  l e  L~OIECL -ut gens t l ca  in Such 
informatiop 8s we hare irr derived fros extr Xa%$#b tbPoLy?. 

cannot be tisltea 
show the probZem 
t l o n s  i n  rcrdlcrtio 

spring of the pres 
abnormal, It can 
~ r a t l o n 8  or I n t e r  

many unknoitna. The va l id i ty  cbf f'bdu-a in T L#r fW&G fay 

As yet  no ovjiae 

The l i n e a r  relat 
percentage I s  i 
o r g a n i s m  I s  va 
c f f e c t  by comp~ 
d l a t l o n  e q o s w  
Cmple to  avoid 
i t  the ro fo rc  b 
a b l e  limite of 

2 . b  The Sk& 

The e f f e s f  of ratart 
l n d i c z t l o u  of ?.ny blologi  
Becguorel,  who ca r r i ed  a 
developed a bum of the 
wag in evlden 
x-rays.  The 
cupa t iona l  ex 
workers, OUF 
2nd chemists 
h i s t o r y  of x - x g  and radius developlsrent. 
rLt3ed10ss t o  m&co tho saw mistake8 In  handling cs)%lflcl3l;y 
pr oduce d r ad1 o m  t l v  l t g  . 

It woroM 8eem 

The c h a r a c t e r i s t i c  effect of largo doses of x*ray or 
radium gama rags upon the  skin I s  t he  production of an e r  
ythoma. Ir t . i l . 3  r espec t  such radiations are camparable t c  
u l t r a v i o l e t  : *,,ilation except that thc  period between ex- 
posure and E:  -%hem extends t o  about four weeks with G k : - a I e  
radiation e\? ' :q i i re .  As was previous ly  noted, the dose r - .  
quired t o  1,z r '. x e  erythema i s  l a r g e r  f o r  sho r t e r  wave l ens i f i l ;  
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I 

2.  Occg-Disease or Pathologjcal S ta tes  
RcsultinR from Overexposure (_continued) 

and also increases  with increase I n  the length of time o v c .  
which the radiation l a  arhainlstered. Except for groar nug- 
llgenco, we do nnt eIcpeot to seo erythamra a8 Q result of 
occupational expoawe 00 the Brojeot. 
dally ovcro;xpoatuva @t upe haab. $0 rrmall araountts ~ f '  reQia- 
tioa, rhloh, iP a perlod of p8~1, m y  l~r : '  
t o  irrevcraibh 
c rack lng , br 1 t t 1 

Rather wo fear th@ 

The Project abrrpnda in opportunitisi for omraxpaslui 
to the akin  - partlcul8rly that of the ha,rd.. 
rays from wan1 
when the metal ol? 
duce rgln dana38 
comparable sneqgy 
and beta rcyE ev 
and phyaisbl :?re 
by-products. 
par t i c l e s  of aii averwe energy a88miat+4 with tb %on#* 
l i v e d  fission produutl; rill prtdtrate watl below t 
A more detailed U l 8 ~ 8 h # n  of the peIk%tlrlrt$on af b 

%n t i s ~ ~ e  riaf be found i n  a pep*% by 8, 

T b  Wt8 

'it is auff'lcient to eqpbrkise that beta 

d1at3? er. 

Aa was prsviouslp noted, no tolerance'do8e for skin 
txposurs has 2-mr been establ ished.  Paat experience with 
fluoroacopg a n d  radium handling leads one t o  assum, hobxi - J ,  
that for long-continued exposure over a period o f  ytjars a 
limit of 0 . 1  r per day exposurti of thL skin t o  a radiatloz 
which w i l ?  c f f  3 c t i v e l g  penetrate bel9w the outer horny 
l a y t r  (9.1 :i.n.; !.s a safe l i m i t .  
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2 .  OccuDational Disease or Patholoaica-tzs 
RcsultinR from Overexposure (cont inued)  

Pratection from overexposure of the  s k i n  i s  in general  
far mare d l f f i c u l t  on the P ro jec t  than pro tec t ion  from t o t c l  
body exposure. Since safety is necessary, certain princip3-9.- 
pgr t e in ing  t o  s k i n  p ro tec t ion  e r a  enumerated belw, 
oan be barired by expanding Q rtatement contained in ehrr 
r e p o r t  a i  
worlmsr8r 'a1 masipur2etL64la rhall be om~ple4 

These 

kr lrroosrbsa Wrirory CoPaaittee u 

Don't pick up any pawuadly a o t l v e  lmrrPterW Ut 
have eseertaj.nm3 It, se t iv l ty  and h828;rd. 

Use diatancc o r  mechanical remote con:?3l i n  hand 
dioac t fve  aut.stances where p r a c t i c a b l s .  

Use protsc t iTTe gloves (leaded-leather) when they are ln- 
dicated. Bu: use caution In handling s u b s t ~ n c e s  of mixed 
beta  and gama ;rctivlty,  The ves do not prot 

of tile h9nd by the 

Keep the b~lrliC8 uncontmlnated by f f s s l o n  products. ?hi8 
mean8 the  d-,tr lng of clean glove8 where ind ica ted .  The, 
frequent s o x t o r l n g  of hands 8 desirable u a 
e b c k  both on technlgws an& 00. 

bbt%Vlt$  1 they 

t te i i t ion,  t o  the details of techniques 
ne88 18 the only way t o  rninl.mlee the hazard of a k h  i n j u r y .  

2.5 Rsdioactlve Poison8 

A long d k c u s s i o n  on i n t e r n a l  poisoning by f i s s i o n  p-cl- 
ducts  is give-I in X I 1  C,2. I r r  t he  case of radium and rdd;:: 
as r 3 d i o w t :  poisons, to le rance  vt?.ues were es t i ib l i sh4l .  
over a periv.". ~ f '  four  decades,  largely by experience f r m  
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2 .  Occupat_ional Disease or Pa thologica l  States  
Resul t ing  f r o m  Overexposure ( c o n t i n a l  

hurna!i m i s f  or tune,  and animal experimentation only confirm& 
the  observed e f f e c t s .  It is t o  be hoped tha t  t h i s  order 
will be reversed i n  our case.  

Radioeutive poisons m y  be e i t h e r  s o l l d  or w e  
Sol id  rsdioaetive p s r t i c l e r  mey be a hazard either t 
i nges t ion  or inhalation, gaaeoua products only tlar 

The eeslierat sxperisacie with radl~osl:?:ive p o i 8  

h a l a t i o n  (sa8 n r  A83.66).  

studies of inhaled redoa in The b1.dJd Of 
cernsd rlth the ssperatiaa 
e f f e a t  upon the blood-ford -8.  The 

made upon w k e r i  cam&raed wi th  the pre 
othmiumR(l&f Thl, fxl4ph lwidet+ Of luw cam@? 5n 
uranium akin08 of EbolrsgSa har been direct ly  s%tribu 
sorae 1nteaLSQstora t o  the high radon conusntrat2cm 
mine, atlgospwre (average aoncent ra t ion  3 x 10-12 e 
The permlaalble concentrat ion undsr work 
es t ab l i shed  by law i n  several a t a t e s ;  1 x 
air  is t he  to le rance  value s p e c i f i e d  by tile Bureau of  
dard8. 

1nterr .a l  rsdiat from ingarti 
3 f  r ad ioac t ive  mgterlalr was f irat  enoount 
among the  radium d i a l  pa in t e r s .  As little 
micrograms deposited i n  the  bones hss p r w e d  t o  be lethal, 
The continued bombardment of bone marrow by alrp,Zra part i  
r e s u l t s  e i t h e r  i n  a fstsl menla or i n  lasklgarnt b 
Signs of pol8oning may appear only years after ingest 
Experience with hma~ beings ha8 lad the Bgpeeu of' 
t o  e s t a b l i s h  0.1 Werograrrrs of radium 88 tb l i m i t  
be deposi ted i n  the body u i thou t  risking eventual  d 

There is (i aimllar hazard of I n t e r n a l  r a d i a t i o n  resulti-i 
from absorpt ion and depos i t ion  of the varioua fission, pro.?:-it 
i n  the bodp, bat the tolerance concentrat ion8 can on13 be 
estimated u r . t i 1  experiment e s t a b l i s h e s  them. Pro tec t ive  
measures rnucx. proceed on the basis of complete e l iminat ion 
of t h i s  hazcrd.  For  example, the  handling of t he  product 

1 1 5 5 9 4 3  
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2 .  Occupational Disease or Patho1si-Z . 

Resul t  i n m m  Over exinsure  (continued) 

w i l l  r e q u i r e  utmost cau t ion  u n t i l  absorpt ion,  d spas i t fon ,  
and e l imina t ion  s t u d i e s  have been made. Even thea one 
cannot ex t r apo la t e  too f r e e l y  from animal studies. T h e  prc- ~ 

duct emits an exceedingly energetic alpha part io l e ,  Bnd 
half life is only 8 o m  15 timer that of radium. If this 
metaboliam of the  product provdd t o  be b%I&1W $0 tkat 
radium, the depos i t ion  of 6WW 9 d c r 0 p W c U f  th9 Sinb- 
s tance  would become M impostant hazard* 

c 

^. .- 
f 

The foregoing dirscua@ioa owered only apes 
f o c i  of d q e  r e s u l t i n g  h m  Ocoupt1 
t o  radistlon. These w e  WW more tap 
damage which workers in rdliation ~ v B  ruataiwd t 
That other  organa and tlsauea af the boly m8y p w t  
t h s e  effaotlp is avldent from accumulating expcri 
C l i n i c a l  ar-d experimental obaervatloii  must be c l o  
sued ts b r i n g  out Impsrtarit and as y e t  undetermined ef iects  
for which p r a t ~ c t i a r i  will be needed. 

(1) Her?ahaw, Paul S. ,  
$4 Tclstance Dose In X-ray and R a d i u m  P r o t o o t i w ,  

J. N a t .  Cancer Institute A, 789-8305 (194%). 

Protection, Radiologf 33, 682-685 (1934). 

Effscts of Continuous Oanma I r r a d i a t i o n ,  with a 
Not? on P ro tec t ion , "  B r i t .  J. Radiol.  u, 619 
(1937); i b i d .  32, 440 (1939). 

(2) I n t e r n a t i o n a l  Rsco~lsesndationa for X-ray 

(3 )  RUSD,  S., and Scott ,  G. M.s " T b  BPologicsl 

( 4 )  Report CH-1162 (Supplement). 

(5 )  Mc.i:.5r,. 3. J . ,  " A r t i f i c i a l  Transmutation of the  C C ~ W  I t  Science 65, 6 4 4 7  (1927). 



p. 20 RADIATION AND ITS BIOLOGICAL EEFEZTS X I 1  B,2.6 

2 ,  O c c u e s e a s e  or Pathological-States 
R e s u l t i s  from Overexposure (continued) 
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P I I .  Biological Ef fec ts  of Radioactive Materials 

==!El? 
ij BIOLOGICAL ASPECTS 

1. Tracer Studies  (1) (2) ( 3 )  (4) (5) ( 6 )  (7) ( 8) ( 9 )  

Revised Edition: By J. G. Hamilton, October, 1944 

1.1 Introduct ion 

Radioactive isotopes,  free from inert c a r r i e r ,  of Sr, Y, h, cb, Ru, 
Te, Cs, Ba, La, Pr,  Ce, and Np were administered t o  rats as chloricies in 
i so ton ic  s o h  i ns of NaCl a t  pH ranging from 2.3 t o  3.5. 
given as I?aI,tl? and Xe was given by inhsLation in an omgen-gas dd$ra@) 
Unseparated f i s s i o n  products, free from i n e r t  o a r r i e r  and uranium, after 
90 days cooling were administered i n  an  i so tonic  solut ion of Nacl a t  pH 2b5. 

Iodine b e  

Adult r a t s  received the var ious radiaa@.bive preparations in so lu t ion  
by o r a l ,  paren tera l ,  and intrapulmonary administration. In t h e  earlier 
experiments the  parentera l  acjrninistratien was by way of the  h t r a p e r i -  ' 

t onea l  route.  
a c t i v e  isotopes,  considerable r e t en t ion  of a c t i v i t y  on the  surfaces of t he  
intra-abdominal organs took place. 
ture of  the  t rue  deposit ion of  these  rad ioac t ive  isotopes in t he  intra- 
abdominal organs i t  became necessary t o  employ the intramuscular route  
of  adminis t ra t ion.  

Due t o  the d i f f i c u l t y  of absorption of some of the  radio- 

In  order  t o  gain a m e  accurate pic- 

The animals were sac r i f i ced  i n  groups of three f o r  each route  of ad- 
min i s t r a t ion  and a t  varying intervals ranging Pram one t o  sixty-four days. 
Sixteen t o  eighteen representat ive Cissues werq removed from each animal 
and t h e i r  a c t i v i t i e s  individual ly  measured. 
i n  Table 1. 

The r e s u l t s  are sumnarized 

1.2 Pa ren te ra l  Administration 

Figures 1, 2, and 3 summarize t h e  present status of knouledge concern- 
ing t h e  metabolism of  the  ind iv idua l  f i s s i o n  products, and of an assayed 
sample of t h e  uneeparated f i s s i o n  mixture free from uranium, followhg 
paren te ra l  administration. The deposi t ion per  organ i s  presented. Only 
those  s t ruc tu res  which show a high deposi t ion of the rad 

La 4 , could not be continued for t h e  fu l l  84 day period due t o  the  short  
half  l i v e s  of these radioact ive mater ia l s .  

a r f  Fs ted  . Some of the  parentera l  s tud iea  e.g,, on Zr , , , 

I 
The "per cent uptake" a s  shown by the  curves i s  equal t o  the  amount 

The material on trocer prepara t ion  disvussad in C . l . 1  of the first 
,4 

b 
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X I I .  BinlDgical Ef fec ts  of Radieactive Materials 
r : .  Eiological  Aspects 

of  the given material  present i n  the given organ a t  the  t h e  indicated,  
divided by the t o t a l  amount absorbed by the animal. In the cases of Y, 
Z r ,  Cb, Ru, Te, La, Ce, P r ,  Np, and t h e  unseparated f i s s i o n  produchs, cor- 
rections were applied t o  the  observed values o f  deposit ion t o  compensate 
f o r  the ,material l e f t  unabsorbed a t  the s i t e  of in jec t ion .  This type of 
correction i s  not e n t i r e l y  s a t i s f a c t o r y  but does give a c l e a r e r  picture  
of the d is t r ibu t ion  of t h e  absorbed material. 

1.3 Intrapulmonary Administration 

In addi t ion t o  the  parentera l  and o r a l  8tudies,  the  absorption of 
these substances into the  lungs has been investigated.  
the individual radioact ive isotopes and of t h e  f i s s i o n  mixture were 
d i r e c t l y  introduced i n t o  the  lungs. 
the  d is t r ibu t ion  of t h e  re ta ined  a c t i v i t i e s  on the bas i s  of re ten t ion  i n  
t h e  lungs. 
given mater ia l  present in t h e  lung a t  t h e  time indicated,  divided by t h e  
t o t a l  amount re ta ined  by t h e  animal. This method of presentat ion is made 
necessary by the f a c t  t h a t  it is impossible t o  introduce an ewctly known 
dose d i r e c t l y  i n t o  t h e  lungs. However, in most h t a n c e s - f r a  one-third t o  
o n e h a l f  of the in jec ted  sample is re ta ined  in t h e  lungs or absorbed 
through the pulmonary t i s s u e  and deposited elsewhere in t h e  m. Wre- 
over, the  t o t a l  a c t i v i t i e s  i n  t h e  animals f o r  the longer 6 m p e r i # a t S  
indicate t h a t  t h e  over-ell excret ion rates are comparable t o  t h e  values 
observed f o r  t h e  parenteral s tud ies .  
Cs, and Ba is ins igni f icant  and can be ignored. 
the f i ss ion  products when inhaled as a dust, smoke, o r  t h e  like, is, of 
course, going t o  be modified by t h e  behavior of t h e  p a r t i c l e s  upon which 
the  act ive material  may be deposited. 

topes absorbed through t h e  lungs is very s imilar  t o  the* metabolic 
behavior following parentera l  administration. 

The solut ions of 

The values given in Figure 4 indicate  

By “per cent re ten t ion”  in Figure 4 is m e a n t  t h e  mount of the  

The pulmonary retention of Sr, Te, I, 
The metabolic pattern of 

$2 

It should be pointed out  t h a t  t h e  metaboliraa of tbr) PediorctAve bo- 

Radio-autographic s tud ies  of the pulmonary d i s t r i b u t i o n  of these radio- 
ac t ive  isotopes after introduction d i r e c t l y  into the lung8 have bom 
carr ied out for the following elements: 
mixture and Np. 
those long-life f i s s i o n  products l i s t e d  above h i c h  porsws half-lives of 
suf f ic ien t  value to  permit t h e  extension of the s tudies  over t h i s  period 
of time. 
t i o n  in the air sacs and a lveolar  ducts, while in the cases of Z r  and Cb 
the pat tern was cohrpletely random i n  character.  Y, Ce, Pr,  the f i s s i o n  
mixture, and Np gave r e s u l t s  of an intermediate character  between these 
two extremes, 
vessels, the bronchial t r e e ,  o r  the  trachea was observed in any of these 
studies.  

Y, Z r ,  Cb, Ru& Ce, Pr, fi8sbr1 
These experiments include i n t e r v a l s  tro, t0 64 days for 

The d i s t r i b u t i o n  p a t t e r n  f o r  Ru shows r a t h e r  a uniform local iza-  

No s igni f icant  l o c a l i z a t i o n  i n  t h e  lymph nodes, blood 

Xenon tr r s t u d i e s ( l )  were done by exposing a group -1s t o  a 

per gram of t i s s u e s  was found t o  be 0.1 t o  2 times t h e  Xe127 concentration 
per  cc of the inhaled gas mixture. The highest values were in fa t  and t h e  
lowest i n  the blood; the  average value for  the  e n t i r e  a n d l  was 0.25. 

m i x t u r e  of Xe”? and O2 over a period of 18 hours. ’ h e  Xe 1%- concentration 
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1.4 Excretion 

Pr ior  t o  the  t i n e  of s a c r i f i c e  thze urine and feces were col lected,  
seFarated, and t h e i r  a c t i v i t i e s  determined da i ly  f o r  each group .of three 
ar.imals. 

In  general i t  may be s t a t e d  t h a t  with the exception of Ru, Xe, Te, 
Cs, the 34Od Ce, and possibly Sn9*, the r a t e s  of elimination of the re- 
ta ined fract ions of  the  l i s t e d  isotopes e i t h e r  approximate or  a r e  less than 
t h e i r  r a t e s  of radioact ive decay. 

1.5 Summary of Resul ts  

The most s i g n i f i c a n t  conclusions t h a t  can be derived in the  survey of  
all of t h e  work done with the  long l i f e  f i s s i o n  products can be summarized 
i n  t h e  following manner: t h e  a lka l ine  ear ths ,  rare ear ths ,  Z r ,  Np, and Cb 
when introduced i n t o  the  body are deposited primarily in t h e  skeleton, 
where the  average degree of re ten t ion  of the  absorbed.radi.0-elements I s  
approximately 50 per cent of t h e  i n i t i a l  absorbed quantity.  
f ract ions o f  these radio-elements a r e  eliminated a t  r a t e s  which are less 
than t h e i r  r a t e s  of radioact ive decay w i t h  the  exception of t h e  340 day Ce 
and possibly d o .  The remaining f i v e  long-lived radio-elements, Ru, Te, 
Xe, I, Cs do not  show any s igni f icant  degree of l o c a l i s a t i o n  i n  the akele- 
ton and i n  addi t ion  there  i s  no very s t r i k i n g  deposit ion in any other  of 
the t i s sues  w i t h  the  exception of deposition of I i n  t h e  thyroid. 
r a t e s  of elimination for  a l l  of these four radio-elements are much grsater 
than t h e i r  r a t e s  of radioact ive decay, w i t h  the  exception of I accumulated 
i n  the  thyroid. 
the  thyroid i s  many times slower than i t s  rate of radioact ive decay. 

The retained 

The 

In  t h i s  p a r t i c u l a r  case the release of accumulated I i n  

The members of t h e  long-lived f i s s i o n  product g r o w  which are ab- 
sorbed by way of the  digest ive t r a c t  include the a lka l ine  earths,  tsllurirm, 
iodine, and cesium. 
observed following d i r e c t  intrapulmonary administration of t h e  r a r e  earths,  
Z r ,  Cb, Ru and Np. 
earths,  Te, I, and Cs is  negl igible  under the  conditions of  the experbent.  

A high degree of re tent ion by t h e  lungs has been 

The pulmonary retent ion observed f o r  t h e  a l k a l i n e  
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P. 19 RADIATION AND ITS BIOLOGICAL EFFECTS XI1 C,2.1  

2.  Tolerances f o r  F i s s i o n  ProducA 
/ 

I 

Y 

2.1 D e r i v a t i m  u a t i .  - 

l a  due p r a c t i c a l l y  exc lus ive ly  
the  ranges of bets rays in t l88ue  
a n  approximation that a11 the ra4irt 
I s  abaorbed within that tI81ue. 
formula f o r  eorstrerting our isa  of pt 
i n t o  roentgen8 day, fn ~ ~ 2 1  
age r a t e  in r/aw. 
I n  genera l ,  r/day rl curies x (ai 

The tox ic  a f f e c t  of i n t e r n a l l  

Hence, f i  - Q x 3.7 x lo1* x 86 - 61 E Qdb 

Q - curies deposited where W I. grams of tissue absorbing rad% 

E m averwe energy, In ev 

The t o t a l  doae D given t o  a t l8sue  by. the 
such 8 source situ_ (assuming no- e%cret 

where 1 - decay conatant, i n  dsys'l, 

duct will depos i t  in a given t l s a u e  depe&d$ upon t t 8  C w c s l  
prope r t i e s  and phyaical form, which regulaW the d-a & a b  
so rp t ion  i n t o  the  blood from gut  or lung and the be$Prs or de- 
p o s i t i o n  f rom the  blood i n t o  the  t i s s u e  in querrtlon, Thus we 
have, f o r  ingested material: 

The e x t e n t  t o  which a $wallowed ar 

- 
% = Qoad (3) 

i 
where Qo - ingested activity, in c u r i e s  

a = f r a c t i o n  absorbed from gut Into blood 
d = f r a c t i o n  deposi ted from b lozd  i n t o  t i s s u e  

For  inhaled material we have: I 
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2. Tolerances for Fission Product8 (co&inued) 

where f - f rac t ion  retained by lung frgm Inhaled air 
b = fraction absorbed fram lung Into blood 

Thus equations (1) and (2) b o o m ,  %a t o m  nf' the rat* - 
e r l a l  presented t o  the gut and lung, reapeptively;, 

If the redloact ive 
Water Or in sir With rrhi 
the day, we have 

where Co = curles/liter 

( 
Substituting in equations ( 5 )  

i 

If the exposure to rw4a wmSaWaed* stam 
(compared to the period of the e d t t s r )  t 

bY , #  

(I,) that can be achieved f r o q  aueh expos 0 

Equations (a), (91, and (IO), whlch define the radiation 
received by a t i s s u e  a a  a result of ingestion or inhalation of 
ac t ive  material, can e a s i l y  be modified t o  take account of the 
r a d i a t i o n  received by t he  gut  or lung due to 1ncompl.ete abaorp- 
t i o n  of retained material by substituting (1 - ' a )  znd'(1 t -  b) fm 
bd in these equat ions ,  In t h e  Gase of the gut, s ince  the 
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p* 21 RADIATION AND ITS BIOLOQICAL EF'FECTS XI1 c,2*1- 
2.2 

2 .  Tolerances for F l s a i o n  P r - ( c o n t I n w u  

absorbed ma 
(1 - a) f o r  ad, applies in place o f  (98)  

muation (10) applies t o  a 

( s ince  I) m t b  a) 
x 

2 . 2  I n t e r R e t a t u n  of 
I 

w The ut38 of equations (5)  through (12) 
the d i f f i cu l ty  o f  evalust lng soma of the c0nbtQRt8~ 
for f ,  a ,  and b are  not d i f f S c u l t  t o  raearure e 
these a r e  baing deter&ned f o r  each flrslm ## 
and for every state In whloh each #GUS, #€no 

t o  behave, either ahe L0ahemlaaX2ylr 
fashion. However, d -- wh% ' 6onjWtioQ 
concentration factor for  each t i s sue  - 0  is  Uiff;L@ult t o  batcr- 
mine, p a r t i c u l w l y  for small organs or for timuerr which are 
diffused throughout the organism (e.g., bone rrsrrow), Tbs 
values t o  bs used for Ii, I,, and D, In order t o  e e t  tolerance 
limits on inhaled or ingested radioactive materiala, a r e  taken 
from c l i n i c a l  and experimental results with x - y a p ,  particularly 
those derived from whole body i$radi3tion. Whlle not a va l id  
source of data for thc calculat ions i n  hand, these arc t h e  only 
r e s u l t s  available on rcdiat ion tox ic i ty .  

%%e taluelr 

* 
8,  

nor the same produClt.8 @Writ ZltlBQlb,, 
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2 .  Torersncea f o r  F i s s ion  Products (continued) 

Other things being equal, the tolerance mounts  or  concentra- 
t i o n s  (Q and G o )  derived from equations (5) through (12) Will 
depcnd moatly upon the quotlentjm 

r a d i o s o n s l t l v l t y  of the tissue, 
the  isotope In quertion *- a d  
For each isotope t,b 
L V I t y  ?M 843% 811 
or lung or any i 
mount  a 

- 0  tbe ratlo of 

I, *.the bow m C  
ntial o f  t i a s w  
b tissue the t o  

(' found f o r  whole body ~ r a d l a t l o n ,  +. 

The V a l u e  of G dspends upon WP fktora: (1) tb ahe&oal i' 
properties of the element involved 0- sfme 

and bo poorly absorbed; 
which can hindor a b s o ~ p t i o n  by precipitation of the emitteP and 
a l s o  screen  the i n t e s t i n a l  walls Prom r a d i a t i o n  during p W w e ,  
Thc second a f  thcso f a c t o r s  Intr&uccr a large and unco 
able variable, and the values of a and Bv used are  tficirsfD1P' 
those expected in the absence of food. 

c r i t i c a l l y  influenae i, b anb h hs value of f $8 a18 
e n t  upon the  phys ica l  state of e l o w n t ;  part i c l e  s i t e  4aa 
much t t ; o  do  wi th  thc  extent  of lung d o p m i t i o n  af' inh3led m t e f -  
131. Because of the uncer ta in t ies  In evaluating f, the  m3Jirartn 
value Df 1.0 (appl icable  t a  smll p z r t i o l a s  and t a  certain corn- 

r zd ioszns i t i ve  b m c  marrow hzs been set at 0.25 3n t h o  assump- 
t i o n  tha t  hzlf t h e  c c t i v i t y  deg3sitc.d I n  tht; skolet;.n (2b;ut 
508 af that  absorbed f o r  mast of the fissim praducts)  i s  in 
the  marraw. 

stins1 :wksi  
a r e  near aeutrtrlita aad contain bot@ blaarbotvl phQ&-t8 ' 
i o n s ,  loany of' t h G  f i s s i o n  produots Will form I le (3 8 

(2) the prsscme or absebce of f 

The chemical proportie8 or Bleraent in 

( pmnds) has bcon chosen. The dcp3si t ion f a c t a ? ,  d, for the 
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I 

2 .  Talersncos f o u l s s l m  Pr3ducts (continued1 

Excretion hrrs b e a  @ e t  at zero (except nhero stated) an < -  the baris of the svld;mraa t o  date, which shows 
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I, ._ I ' .  . .  
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I 3. Relat ive B io log ica l  Ef fec t iveness  of Vargous Radiations 

I The sub jec t  of the re3ctive biological ef fec t lvenesa  of 
F 

*:$* 
v a r l m s  
r epor t  a ( R o  which the ream tr rsfepRa. 

i a t l o n s  ha8 been reviewed in d e t a i l  in a recant 
' , 4 @  

I 
I 

ergs  from the electrosur eject 

) Wen not two But several radiations QFB $We mqprnod 
with respec t  t o  their efteativeneas %n.ppoduCiw 8 glved 
b i a l o g i c a l  e f f e c t ,  it is f a n d  that the l r  llBE values vary 
pr ogressivelg w i t h  their abeclflc $ m i a a p  values (SI) 
The s p e c i f i c  i m i z a t i o n ' l s  the nuniber of on pabs producod 
by a n  ionizing p a r t i c l e  ( e l e c t r o n  ar  fast n u c l e k )  per un i t  
length of  i t s  t r s ck .  If a p r i m r y  r ad fa t ion  dm8 not c3nsist 
of ionizing p a r t i c l e s  b u t  Ionizes i n d i r e c t l y  by ejcttion of 
such p a r t i c l e s  -- as I s  thc case f3r x-rays, gojlacrr rays, and 
fast neutrons -- tho s p e c i f i c  i m i z a t i o n  ascribed t:, tho prim- 
ary r a d l a t i a n  i s  t h a t  prMuced a l m g  the  t racks  Df the secmd- 
s r y  p e r t i c l o s .  

1 5 5 9 b 3  
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3. RGlatlve B l o l a g i c s l  Effoct ivcness  af Varlsus Radiations I 

LcontlnUed) 

Along the track of an individual partlcrle, the specific 
ion i sa t ion  rar ioa  dlreotly with the rquf~m of the psrtierletr 
charge and inversely with i t a  aped .  TMaa, an 61- gartiole 

( 

i 

experiments t o  produce the d i f ferent  a p e b i f 1 8  $ont ta t%w.  
The ordinates are wbitrrtsy values of €BE per unEt 
absorbed per gram o f  tZSsue. 

m v Q #  &fbe obc, 
tained, dqmkding upoa the nthtumj ut the orgaa&m~, 
cases RBE decrease8 wlth inoroerre in SX, but 2n tw majority 
of cases i t  Increase@. 

In the literature are many more report8, the results of 
which are not charted because only two radintfons wepe used. 
In many af' thaae Invest igations the t w o  radiations were fast, 
neutrms and x- or g a m  rays, thc: former producing high and 
the l a t t e r  low S I .  I n  all of these invest igatlana,  if the 
b io log ica l  objcct was a higher plant or  animal (Including 
mammals), the  fast neutrons have been fou.nd t o  have hlgher 

f t  ell be uotlced #at'ror%olr#r t~rpa8 
Zn acme 

# 
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3 .  Rela t ive  - Biologica l  Ef fec t iveness  of Variaus Radiations 
(cont inuedl  

RBE than x- or glpnaru rays,* For vsrioua effects on m~mmnla 
the  r a t i o s  of e f f e c t i v e n e s s  vary  from 2:l t o  as high as 20:l. 

%. 
On the basis of these various i n v e s t i g a t i o n s  i t  seems 

ind ica ted  that fast neutrons,  producing high SI, a r e  t o  be 
regarded as more dangerous, per unit energy absorbed, than x- + 

or gama rags producing low SI. 

Further d e t a i l s  will be found in r e fe rence  (1). 

(1) Zl rk l e ,  R. E. - Report CH-946. 
(2 )  Stone, R. S., Cole, K. S., C a n t r i l ,  3. T., Wollaq, 

E. O . ,  and Hamilton, J. G. - Report CH-708. 
.. *. 

e 

*One exception i s  t o  be noted:  In producing gene 
mutations, fast neutrons are r e p o r t e d  to be l e s s  effective 
than  x-rays. 


