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- I- - - LEGAL NOTlCE - ___ 

This report wos prepared as an account of Governrant sponsored work. 

not the Cornmisstan, nor any person oeting on bshnlf of the Commission: 

A. Makes any warronty or rspressntotion, expressed or Implied, wi th  respect t o  the accuracy, 

completeness, or usefulness of the tnforrnarion contotned in thns report, or thot the use of 1 
any rnformation, apporotus, method, or process disclosed in  th is report may not infringe ' 
prrvotely owned rzghts, or 

8. Assumes any I tabi l i t ies wi th respeci to the use of, or for domages resulting from the u s p  of 

any information, apparatus, method, or proce06 dtsclosed in thtb report.  

As  used In the obove, "person ncting on behalf of the Commission'' includes ony employee or 

contractar of the Commission, or employee of such contractor, to the extent  that such employee 

or contractor of the Commission, or employee of such contractor prepares, dissemrnates, or 

providaa access to, any information pursuant to his employment or contract wi+h the Cornmission, 

or h is  employment wi th such contrac+orl 
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REACTOR OPERATOR STUDY HANDBOOK 

(Programmed I n s t r u c t i o n  Vers ion)  

Volume ICI - R a d i a t i o n  S a f e t y  and Control 

A s  a p a r t  of t h e  Reac tor  Opera tor  T r a i n i n g  Program of Opera t ions  

D i v i s i o n ,  Oak Ridge blati.ona1 Labora tory ,  f i v e  a r e a s  of i n s t r u c t i o n  have 

been programmed f o r  i n d i v i d u a l  s t u d y .  They are: 

Volume P - Elementary Mathematics Review 

Volume I1 - R a d i a t i o n  S a f e t y  and c o n t r o l  

Volume 166 - Reactor  Phys ics  

Volume IV - Heat Theory arid F l u i d  Flow 

Volume V - I n s t r u m e n t a t i o n  and C o n t r o l s  

These programmed s t u d i e s  a r e  a p a r t  of a course i n  r e a c t o r  o p e r a t i o n  

t h a t  i n c l u d e s  c l a s swork ,  l e c t u r e s ,  and on-t-he-job t r a i n i n g ,  A t  t h e  end 

of t h e  c o u r s e ,  t h e  o p e r a t o r  t r a i n e e  i s  t e s t e d  f o r  competence i n  a l l  a r e a s  

of r e a c t o r  o p e r a t i o n s  b e f o r e  be ing  c e r t i f i e d  to o p e r a t e  a p a r t i c u l a r  

r e a c t o r .  

It i s  sugges ted  t h a t  t h e  programs be s t u d i e d  i n  t h e  sequence g iven  

above;  however, s e q u e n t i a l  dependence has  been minimized so  t h a t  t hey  may 

be  s t u d i e d  e i t h e r  i n d i v i d u a l l y  o r  a s  a n  i n t e g r a t e d  group,  

The a u t h o r s  and e d i t o r s  would l i k e  t o  e s p e c i a l l y  acknowledge the 

p a t i e n c e  and a s s i s t a n c e  of th.e members of t h e  Opera t ions  D i v i s i o n  

c l e r i c a l  s t a f f  who worked on t h i s  r e p o r t ;  namely, Gladys Carpen te r ,  

L inda  Hie rhage r ,  Mi l inda  Csmptcn, and Joanne Lamart ine.  



V 

INSTRUCTIONS 

The material  con ta ined  i n  t h i s  manual has  been prepared  u s i n g  a t ech -  

n ique  c a l l e d  "programmed i n s t r u c t i o n " .  Th i s  t echn ique  of I n s t r u c t i o n  

c o n s i s t s  of: 

1. P r e s e n t i n g  i d e a s  o r  i n fo rma t ion  i n  s m a l l ,  e a s i l y  d i g e s t i b l e  s t e p s  

c a l l e d  "frames" 

2 .  Allowing you t o  set  your own pace .  

3 .  Encouraging r e sponse  i n  a n  a c t i v e  way so  t h a t  you have a s t r o n g e r  

impress ion  of t h e  i d e a  p r e s e n t e d  

4 .  L e t t i n g  you know immediately i f  your answer i s  r i g h t ,  t h u s  r e i n -  

f o r c i n g  your impress ion .  

5 .  P r e s e n t i n g  many c l u e s  at f i r s t  t o  h e l p  YOU a r r i v e  a t  t h e  c o r r e c t  

answer .  (As you p r o g r e s s ,  t h e  number of c l u e s  i s  r educed . )  

A few sample frames a r e  found on t h e  nex t  page.  These w i l l  be  used 

t o  i l l u s t r a t e  t h e  p rope r  use  of "programmed i n s t r u c t i o n " .  Most frames 

w i l l  r e q u i r e  you t o  respond by f i l l i n g  i n  a b l ank ,  o r  b l a n k s ,  tQ complete  

a s e n t e n c e .  Other  frames w i l l  g i v e  you a c h o i c e  of s e v e r a l  r e sponses .  A 

few frames a r e  f o r  i n f o r m a t i o n a l  purposes  on ly  and r e q u i r e  no r e sponse .  

The c o r r e c t  r e sponse  t o  a g iven  frame i s  always found on t h e  r i g h t  s i d e  

of t h e  page a d j a c e n t  t o  t h e  fo l lowing  frame. When read ing  a frame, a 

s h e e t  (or s t r i p )  of paper  should b e  used t o  cove r  t h e  a r e a  below t h e  

d o t t e d  l i n e  which fo l lows  t h e  f rame,  A f t e r  comple te ly  r ead ing  a frame,  

you should wri te  your r e sponse  on a p i e c e  of p a p e r .  

down t h e  page u n t i l  you r each  t h e  next  d o t t e d  Line or turn t h e  page. 

Th i s  w i l l  uncover  t h e  next, frame and t h e  c o r r e c t  response  fo r  t h e  frame 

you have j u s t  completed.  Comparc your r e sponse  w i t h  t h e  c o r r e c t  r e s p o n s e ,  

If t h e y  do no t  match, read & h a t  frame a g a i n  before moving en t o  t h e  nex t  

one;  do no t  proceed un t i l .  you unders tand  t h e  in fo rma t ion  i n  t h e  frame you 

a r e  r e a d i n g .  I f  the responses  do match, proceed to t h e  frame you have 

j u s t  uncovered e 

Next ,  move t h e  paper  

A t  t h e  end of each  s e c t i o n ,  t h e r e  a r e  se l f - tes t  q u e s t i o n s  for  rev iew,  

I f  you m i s s  one of t h e  s e l f - t e s t  q u e s t i o n s ,  repeat t h e  p e r t i n e n t  f rames .  

It i s  n o t  enough t o  respond c o r r e c t l y  a s  you proceed through t h e  m a t e r i a l ;  

YOU must remember c o r r e c t l y  a t  t h e  end of t h e  program and even l a t e r .  You 

should  a t t e m p t  t o  complete  each  s e c t i o n  once you have s t a r t . e d .  



v i  

Sample Frames 

i. Programmed i n s t r u c t i o n  i s  a method of p r e s e n t i n g  i n f o r -  

mat ion  i n  s h o r t  pa rag raphs  c a l l e d  "frames". These 

u s u a l l y  c o n t a i n  only one o r  two concep t s  

f o r  t h e  s t u d e n t  t o  g r a s p .  

ii. By r e q u i r i n g  you t o  t h i n k  of the a p p r o p r i a t e  r e sponse  

and t o  w r i t e  tha t  on a p i e c e  of p a p e r ,  

you t a k e  a n  a c t i v e  p a r t  i n  t h e  program, and t h e r e -  

by r e i n f o r c e  your  l e a r n i n g .  

iii. T h i s  method of i n s t r u c t i o n ,  c a l l e d  

, a l l o w s  you t o  proceed w i t h  t h e  

m a t e r i a l  a t  a r a t e  which you de te rmine  f o r  y o u r s e l f .  

iv. Programmed i n s t r u c t i o n  p rov ides  t h e  a p p r o p r i a t e  re- 

sponse  immediately and t h u s  should  r e i n f o r c e  t h e  

s t u d e n t  ' s 

frames 

response 

p rogramed  
i n s  t r u c  t ion;  

1 e a r n i n g  
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SECTION 11-1 

ATOMS 

1.1 P a r t s  Defined 

I n  t h i s  s e c t i o n  w e  s h a l l  b r i e f l y  review atoms and t h e  

smaller p a r t i c l e s  of which t h e y  are composed. 

1. Matter i s  a n y t h i n g  which has  p h y s i c a l  form. Your desk  i s  

matter, t h e  paper  you are now reading ,  t h e  a i r  you are 

b r e a t h i n g ,  t h e  b u i l d i n g  you are in ,  etc.; i n  f a c t ,  you are 

2.  A l l  matter i s  composed of v e r y  small o b j e c t s  c a l l e d  atoms. 

The f a c t  t h a t  t h e r e  are  d i f f e r e n t  k i n d s  of matter i s  

accounted f o r  by t h e  f a c t  t h a t  t h e r e  are d i f f e r e n t  k i n d s  

of 

matter 

- - - - - - -  

3. The d i f f e r e n t  k i n d s  of atoms are c a l l e d  e lements .  That 

i s ,  t h e  element  carbon i s  composed of atoms w i t h  one set 

of p r o p e r t i e s ;  t h e  element  oxygen i s  composed of  atoms 

w i t h  a n o t h e r  set  of p r o p e r t i e s ,  e tc .  The atoms of t h e  

element  i r o n  are d i f f e r e n t  from t h e  (atoms, e l e m e n t s ) ,  of 

t h e  (atom, element)  oxygen. 

- - - - - - -  

4 .  S i n c e  matter i s  composed of atoms, does t h i s  mean that an 

atom i s  t h e  smallest p i e c e  of matter? The answer i s  no 

because  atoms can  a l s o  b e  broken i n t o  smaller p a r t i c l e s .  

It i s  t h e s e  small p i e c e s  of a n  atom which w e  w i l l  be 

s t u d y i n g  throughout  t h e  remainder  of t h i s  program. 

at oms 

atoms, 
element 
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5. Of what i s  an  atom composed? atoms are composed of 

pro tons ,  neut rons ,  and e l e c t r o n s .  Is a n  oxygen atom com- 

posed of t h e  same t y p e s  of p a r t i c l e s  as a n  i r o n  atom? 

(Yes, No) 

6 .  The i r o n a t o m  and t h e  oxygen atom are b o t h  made up of pro- 

tons ,  neut rons ,  and e l e c t r o n s .  The d i f f e r e n c e  i s  t h a t  a n  

i r o n  atom h a s  more of t h e s e  p a r t i c l e s  and t h e y  are ar ranged  

i n  a d i f f e r e n t  manner t h a n  t h o s e  i n  t h e  oxygen atom. 

Yes 

MATTER 

I 

g r a p h i t e  b l o c k  carbon 
(carbon) a t  om 

ATOM 

n u c l e u s  
/ e l e c t r o n  ~ 

n e u t r o n  

p r o t o n -  

of 
r on 

e 

ELEMENTS 

element c 

small atom 

ement a elemen b 

b i g  atom m 

ATOMIC PARTICLES 

Symbol P a r t  i c l e  Charge 

p r o t o n  p o s i t i v e  

n e u t r a l  
GI 0 n e u t r o n  

0 e l e c t r o n  n e g a t i v e  

F i g .  11-1. The P a r t s  of Matter 
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1 . 2  C h a r a c t e r i s t i c s  of Pro tons ,  Neutrons,  and E l e c t r o n s  

7 .  What are t h e  d i f f e r e n c e s  between t h e s e  a tomic  p a r t i c l e s ?  

One major d i f f e r e n c e  i s  i n  t h e  e l e c t r i c a l  cha rges .  

t o n  has a p o s i t i v e  charge,  t h e  e l e c t r o n  has  a n e g a t i v e  

charge,  and t h e  neu t ron  has  no charge .  So, t h e s e  a tomic  

p a r t i c l e s  d o  no t  have t h e  same k ind  of e l e c t r i c a l  

A pro-  

8 .  Another major d i f f e r e n c e  i s  i n  t h e  mass. The p ro ton  and 

t h e  neu t ron  have approximate ly  t h e  same m a s s ,  bu t  t h e  elec- 

t r o n  has  a much smaller mass. The mass of t h e  p ro ton  i s  

about  1836 t i m e s  g r e a t e r  t h a n  t h e  mass of an e l e c t r o n .  

9 .  The p r o t o n  has  a ( p o s i t i v e ,  n e g a t i v e )  e l e c t r i c a l  charge .  

The e l e c t r o n  has  a ( n e u t r a l ,  n e g a t i v e )  e lec t r ica l  charge .  

Which p a r t i c l e  i s  uncharged? (proton,  e l e c t r o n ,  neu t ron )  

10. The p o s i t i v e l y  charged p ro tons  and t h e  uncharged neu t rons  

form t h e  dense ly  packed nuc leus  of t h e  atom. The nega- 

t i v e l y  charged e l e c t r o n s  r e v o l v e  i n  " o r b i t s "  around t h e  

dense ly  packed 

11. The nuc leus  of t h e  atoms c o n t a i n s  and 

1 2 .  The n e g a t i v e l y  charged e l e c t r o n s  r e v o l v e  i n  o r b i t s  around 

t h e  

charge  

p o s i t i v e ,  
nega t ive ,  
neu t ron  

nuc leus  

pro tons ,  
neu t rons  



1 3 .  Because a n  atom normally h a s  t h e  same number of nega- 

t i v e l y  charged o r b i t a l  e l e c t r o n s  as i t  h a s  p o s i t i v e l y  

charged p r o t o n s  i n  t h e  nucleus,  t h e  normal a t o m ' s  n e t  

e lec t r ica l  c h a r g e  i s  z e r o ;  t h a t  is, t h e  atom i s  uncharged. 

Both t h e  n e u t r o n  and t h e  normal atom are 

14. The charges  of t h e  e l e c t r o n  and p r o t o n  are  e q u a l  b u t  

o p p o s i t e ;  t h a t  is, e q u a l  i n  e lectr ical  s t r e n g t h ,  bu t  

o p p o s i t e  i n  s i g n .  

15. The p o s i t i v e  e l ec t r i ca l  charge  of t h e  

b a l a n c e s  t h e  n e g a t i v e  charge  of t h e  

16. The of a n  atom i s  composed of p r o t o n s  and 

n e u t r o n s .  

17. To g i v e  you a n  i d e a  of t h e  makeup and s i z e  of t h e  atom, 

l e t  u s  c o n s i d e r  a n  atom of t h e  element  hydrogen. The 

hydrogen atom i s  composed of o n l y  one pro ton  i n  t h e  nuc- 

l e u s  w i t h  j u s t  one o r b i t a l  e l e c t r o n .  (Note t h a t  t h e  

n u c l e u s  of t h e  hydrogen atom i s  t h e  only  e x c e p t i o n  t o  t h e  

s t a t e m e n t  made i n  Frame 16.)  If  t h e  atom were e n l a r g e d  

u n t i l  t h e  p r o t o n  w a s  about  t h e  s i z e  of a g o l f  b a l l ,  w e  

would f i n d  t h e  e l e c t r o n  about  o n e - f i f t h  of a m i l e  away. 

From t h i s  example, i t  should  b e  a p p a r e n t  t h a t  atoms (and 

consequent ly  matter) are m o s t l y  empty space.  

nuc leus  

uncharged 

pro tons  
e l e c t r o n s  

nue leus 

- . . . . . . . . . .- 
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ACTUAL S I Z E  OF 
GOLF BALL 

RELATIVE SIZE OF ATOMS 
AND ATOMIC PARTICLES 

g o l f  b a l l s  

F i g .  11-2. R e l a t i v e  Atomic S i z e s  

18. The p r o t o n  and neutron,  which w i l l  weigh approximate ly  

t h e  same, are each about  1836 times h e a v i e r  t h a n  t h e  

19. It should  be a p p a r e n t  t h a t  most of t h e  weight  of t h e  atom 

i s  l o c a t e d  w i t h i n  t h e  ( o r b i t ,  n u c l e u s ) .  

- - - - - - -  
20. The weight  of t h e  e l e c t r o n  i s  so small compared t o  t h e  

weight  of t h e  p r o t o n  o r  n e u t r o n  t h a t  i t  i s  g e n e r a l l y  

ignored  when t h e  weight  of t h e  atom i s  cons idered .  

a tomic  weight ,  t h e r e f o r e ,  i s  u s u a l l y  s t a t e d  on t h e  b a s i s  

of t h e  t o t a l  weight  due t o  t h e  (element, p r o t o n s )  and 

( e l e c t r o n s ,  n e u t r o n s ) .  

The 

e l e c t r o n  

nuc leus  
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2 1 .  The weight  of t h e  atom i s  so s m a l l  when expressed  i n  

pounds o r  ounces o r  grams t h a t  f o r  convenience a d i f -  

f e r e n t  u n i t  i s  used. This  u n i t  i s  t h e  a tomie  mass u n i t  

(which may be a b b r e v i a t e d  as amu). For i n s t a n c e ,  t h e  

weight  of a hydrogen atom (pro ton)  i s  1 amu. 

22 

It might i n t e r e s t  you t o  know t h a t  1 

O.OOO,OOO, 000,000,000,000,000,000,003 
e q u i v a l e n t  t o  1 . 7  x 10-24 grams, o r  c 

The number of p r o t o n s  i n  t h e  n u c l e u s  of  a n  atom i s  very  

impor tan t .  Why? Because t h e  number - of p r o t o n s  (called 

t h e  a tomic  number) d e t e r m i n e s  what k ind  of atom i t  is, i n  

a d d i t i o n  t o  making a s i g n i f i c a n t  c o n t r i b u t i o n  t o  t h e  

weight  of t h e  atom. I n  o t h e r  words, t h e  number of p r o t o n s  

i n  t h e  n u c l e u s  of a p a r t i c u l a r  atom de termines  whether  it 

i s  a n  atom of t h e  element  hydrogen, oxygen, i r o n ,  e t c .  A 

hydrogen atom and a he l ium atom d o  n o t  have t h e  same num- 

b e r  of (protons,  e l e c t r o n s )  i n  t h e  nuc leus .  

p r  o t  on. s > 
neut rons  

p r o t o n s  23. A hydrogen atom h a s  one. p r o t o n  i n  i t s  nuc leus .  

atom h a s  two p r o t o n s  and two n e u t r o n s  i n  i t s  nuc leus .  A l l  

atoms w i t h  one p r o t o n  i n  t h e  nuc leus  are  atoms of  t h e  ele- 

ment hydrogen. A l l  atoms w i t h  two p r o t o n s  i n  t h e  nuc leus  

are atoms of the. element 

A hel ium 
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24 .  About 99.985% of t h e  hydrogen atoms which occur  i n  n a t u r e  

d o  n o t  have n e u t r o n s  i n  t h e  nuc leus .  However, about  

0.0149% of t h e  hydrogen atoms which occur  i n  n a t u r e  have 

- one n e u t r o n  i n  t h e  n u c l e u s .  

gen atom which h a s  n e u t r o n s  i n  i t s  nuc leus .  So, 

a l t h o u g h  atoms of hydrogen may have zero?  one, o r  two 

( e l e c t r o n s ,  n e u t r o n s ) ,  t h e y  can, never  have more t h a n  one 

hel ium 

-- 
O c c a s i o n a l l y  w e  f i n d  a hydro- 

and s t i l l  b e  a n  atom of t h e  element  hydrogen. 

----I-- 

25. Atoms of t h e  same element which have d i f f e r e n t  a tomic  

w e i g h t s  are  c a l l e d  i s o t o p e s  of t h a t  e lement;  f o r  example, 

t h e  most common i s o t o p e  of hydrogen has  only  one pro ton .  

A l ess  common i s o t o p e  of hydrogen h a s  one p r o t o n  and one 

n e u t r o n .  I s o t o p e s  of t h e  same element have a d i f f e r e n t  

number of 

neut rons ,  
p r o t o n  

26 .  D i f f e r e n t  i s o t o p e s  of  t h e  same element  have t h e  same num- n e u t r o n s  

b e r  of b u t  d i f f e r e n t  numbers of 

2 7 .  Atoms with t h e  same number of p r o t o n s  b u t  d i f f e r e n t  

a tomic  w e i g h t s  are  c a l l e d  of a n  element .  

1.3 S e l f  T e s t  

protons,  
n e u t r o n s  

i s o t o p e s  

28. A l l  matter i s  composed of (neutrons,  a toms) .  A l l  atoms 

are composed of' , and 
? 

. ( I f  you made a n  i n c o r r e c t  response ,  

r e p e a t  Frames 1 through 5.) 
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29. The nuc leus  of a n  atom c o n t a i n s  the ( p o s i t i v e l y ,  nega- 

t i v e l y )  charged p ro tons  and uncharged ( e l e c t r o n s ,  

neu t rons ) .  The n e g a t i v e l y  charged move i n  

o r b i t s  around t h e  nuc leus .  ( I f  you made an i n c o r r e c t  

response ,  r e p e a t  Frames 6 th rough 16 . )  

3 0 .  Pro tons  have about  t h e  same mass as (neut rons ,  e l e c t r o n s )  

and are  about  1836 t i m e s  h e a v i e r  t h a n  (neut rons ,  elec- 

t r o n s ) .  (If you made an  i n c o r r e c t  response ,  r e p e a t  

Frames 17 through 21.)  

a t  oms,  
p ro tons ,  
neu tr oris? 
e l e c t r o n s  

p o s i t i v e l y ,  
neut rons ,  
e l e c t r o n s  

31.  Each atom of a n  element  h a s  t h e  same number of neut rons ,  
e l e c t r o n s  i n  t h e  nuc leus  as t h e  o t h e r s .  I s o t o p e s  of a n  element  a l s o  

have t h e  same number of bu t  a d i f f e r e n t  num- 

b e r  of . (If you made an  i n c o r r e c t  response ,  

r e p e a t  Frames 22 th rough  2 7 . )  

p ro tons ,  
p ro tons ,  
neu t rons  
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SECTION 11-2 

RADIOACTIVE MATERIAL AND RADIATION 

2 . 1  Uns tab le  Atoms 

I n  t h i s  s e c t i o n  w e  s h a l l  d i s c u s s  n u c l e a r  r a d i a t i o n  and 

t h e  u n s t a b l e  atoms which e m i t  r a d i a t i o n .  

1. Most of t h e  atoms found i n  matter have s t a b l e  n u c l e i  

( n u c l e i  i s  t h e  p l u r a l  of n u c l e u s ) .  However, some n u c l e i  

have an  e x c e s s  amount of energy u s u a l l y  because t h e y  con- 

t a i n  e i t h e r  t o o  many p r o t o n s  o r  t o o  many n e u t r o n s .  These 

e x c i t e d  n u c l e i  u s u a l l y  become s o  v i o l e n t  i n  t r y i n g  t o  g e t  

r i d  of t h e i r  excess energy  t h a t  t h e y  throw away one o r  

more of t h e i r  a tomic  p a r t i c l e s  and t h u s  t r a n s f o r m  them- 

s e l v e s  i n t o  e n t i r e l y  d i f f e r e n t  k i n d s  of atoms. 

- - - - - - -  

2 .  T h i s  t r a n s f o r m a t i o n  of t h e  e x c i t e d  atom t o  a n o t h e r  kind 

of atom i s  c a l l e d  r a d i o a c t i v e  decay.  R a d i o a c t i v e  decay 

occurs  when a n  e x c i t e d  n u c l e u s  g e t s  r i d  of (e jects)  a n  

a tomic  p a r t i c l e ,  some combinat ion of a tomic  p a r t i c l e s ,  

o r  energy i n  t h e  form of photons.  That i s ,  a n  e x c i t e d  

nuc leus ,  by e j e c t i n g  an a tomic  p a r t i c l e ,  g e t s  r i d  of i t s  

excess 

- - - - - - -  

3 .  The e j e c t i o n  of a n  a tomic  p a r t i c l e  by a r a d i o a c t i v e  atom 

i s  almost  always accompanied by t h e  release of a n o t h e r  

form of energy ( s imi la r  t o  light and h e a t )  c a l l e d  a g a m a  

photon. So, a r a d i o a c t i v e  a t o m  g i v e s  up i t s  excess e n e r g y  

by t h e  e j e c t i o n  of a tomic  p a r t i c l e s  and t h e  release of a 

energy 

photon. 

- - - - - - -  
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_I_i - 
Note t h a t  t h e  word " r a d i o a c t i v i t y "  i s  some- 
t i m e s  used when " r a d i o a c t i v e  decay' '  should  b e  
used. R a d i o a c t i v i t y  i s  a g e n e r a l  t e r m  and in-  
c l u d e s  i n  i t s  common usage r a d i o a c t i v e  decay, 
t h e  r e su l t s  of t h e  decay ( t h a t  i s  r a d i a t i o n ) ,  
and o t h e r  r e a c t i o n s  such as an  i n s t a n t a n e o u s  
t r a n s i t i o n  of a n  atom (e.g. ,  t h e  a b s o r p t i o n  
of a n e u t r o n  and t h e  s imul taneous  emiss ion  of 

a gamma photon) .  - 

gamma 

4 .  S i n c e  w e  c a l l  t h e  t r a n s f o r m a t i o n  p r o c e s s  r a d i o a c t i v e  decay, 

l e t  us  c a l l  t h e  e x c i t e d  atom ( o r  n u c l e u s )  a r a d i o a c t i v e  

atom because it  i s  t h e  atom which w i l l  be t ransformed by 

. We have a l r e a d y  r e f e r r e d  

t o  n o n r a d i o a c t i v e  n u c l e i  as " s t a b l e "  n u c l e i J  which i s  t h e  

u s u a l  t e r m  used.  

5. The gamma photon and p a r t i c l e s  which are r e l e a s e d  o r  r a d i o a c t i v e  
decay e j e c t e d  from a r a d i o a c t i v e  atom are c a l l e d  r a d i a t i o n .  

R a d i a t i o n  i s  e m i t t e d  by ( s t a b l e ,  r a d i o a c t i v e )  atoms. 

6 .  There are s e v e r a l  d i f f e r e n t  combinat ions of a tomic pas- r a d  i o a c t  i v e  

t i c l e s  which are e m i t t e d  from r a d i o a c t i v e  atoms. However, 

w e  s h a l l  concern  o u r s e l v e s  o n l y  w i t h  t h e  t h r e e  most com- 

mon t y p e s  of p a r t i c l e  r a d i a t i o n .  They are t h e  a l p h a  p a r -  

t i c l e  (a), t h e  b e t a  p a r t i c l e  (@), and t h e  n e u t r o n  ( n ) ;  

t h e  las t  one i s  much less common t h a n  t h e  f i r s t  two. 

7 .  The excess energy e m i t t e d  by a r a d i o a c t i v e  atom normally 

t a k e s  t h e  form of a n  p a r t i c l e ,  

p a r t i c l e ,  o r  , and a photon. 
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noted t ha t  some r a d i o a c t i v e  i s o -  
e m i t  gamma photons w i t h  t h e  pa r -  1 

p a r t i c  

T U N  SF ORMAT I O N  STABLE ATOM 

a lpha ,  
b e t a ,  
neut ron ,  
gamma 

\d. 6 n e u t r o n  
eWb1 gamma photon 

Fig .  11-3. R a d i o a c t i v e  Decay 

2 .2  Types of R a d i o a c t i v e  Decay 

8 .  We are a l r e a d y  f a m i l i a r  w i t h  a neut ron ,  and w e  c e r t a i n l y  

are f a m i l i a r  w i t h  t h e  p r o p e r t i e s  of h e a t  and l i g h t ,  so  

w e  have some i d e a  about  t h e  gamma photon. The q u e s t i o n  

t o  a s k  now i s  "what i s  an a l p h a  par t ic le ,  and what i s  a 

b e t a  p a r t i c l e ? "  

calm 

9 .  L e t  us  c o n s i d e r  t h e  a l p h a  p a r t i c l e  f i r s t .  

t i c l e  i s  a helium-atom nuc leus .  

i s  made up of two p ro tons  and two n e u t r o n s .  

weight  of a n  a l p h a  p a r t i c l e  i s  a lmost  

An a l p h a  pa r -  

It i s  a p a r t i c l e  which 

The a tomic  

amu's. 
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10. S i n c e  t h e  a l p h a  p a r t i c l e  i s  only  t h e  nuc leus  of the he l ium 

atom, it h a s  no o r b i t a l  e l e c t r o n s .  Therefore ,  it has  a 

n e t  e l ec t r i ca l  charge  of two. 

of two i s  ( p o s i t i v e ,  n e g a t i v e ) .  

4 

T h i s  n e t  e l ec t r i ca l  charge  

11. When a r a d i o a c t i v e  atom emits an a l p h a  p a r t i c l e ,  it g i v e s  p o s i t i v e  

up two p r o t o n s  and two n e u t r o n s .  Therefore ,  t h e  a t o m ' s  

a tomic  weight  ( i n c r e a s e s ,  d e c r e a s e s )  by (2, 4 ) .  

1 2 .  The number of p r o t o n s  which t h e  r a d i o a c t i v e  atom had i n  decreases ,  

4 i t s  n u c l e u s  ( i n c r e a s e s ,  d e c r e a s e s )  by (2, 4 ) .  

13.  Since  t h e  number of p r o t o n s  i n  t h e  nuc leus  of t h e  r a d i o -  d e c r e a s e s ,  

2 a c t i v e  atom h a s  changed, t h e  atom h a s  been t ransformed 

i n t o  a n  atom of a d i f f e r e n t  e lement .  (See F i g ,  11-4.) 

- - - - - - -  
UNSTABLE ALPHA 

'SHALL IUM- 2 08 PARTXLE 

After ---- ---+ 
P 

Before 

d 
nucleus  c o d i n s  n u c l e u s  c o n t a i n s  a l p h a  p a r t i c l e  c o n t a i n s  

83 p r o t o n s  and = 81 p r o t o n s  and + 2 p r o t o n s  and 
127 n e u t r o n s  
208 
- 129 n e u t r o n s  

2 1 2  
- 2 n e u t r o n s  

4 
- 

F i g .  11-4. R a d i o a c t i v e  Decay by A l p h a - P a r t i c l e  Emission 

14.  The b e t a  p a r t i c l e ,  l i k e  t h e  a l p h a  p a r t i c l e ,  i s  a l s o  e m i t -  

t e d  from t h e  of a r a d i o a c t i v e  atom. 



15. I n  fact ,  t h e  b e t a  p a r t i c l e  i s  a n  e l e c t r o n  which h a s  been 

e j e c t e d  from t h e  of a atom. 

16.  T h i s  a p p e a r s  t o  c o n f l i c t  w i t h  what you l e a r n e d  ear l ie r ,  

t h a t  e l e c t r o n s  are  not  found i n  t h e  n u c l e u s  of a n  atom; 

t h e y  are found i n  around t h e  

1 7 .  You a l s o  l e a r n e d  t h a t  t h e  nuc leus  of a n  atom c o n t a i n s  

only  p o s i t i v e l y  charged and u m h a r g e d  

. Then, from where d i d  t h e  n e g a t i v e l y  

charged b e t a  p a r t i c l e  come? 

18. Occas iona l ly ,  a n  uncharged n e u t r o n  i n  t h e  nuc leus  of a n  

e x c i t e d  atom w i l l  d i s a p p e a r  and a p o s i t i v e l y  charged pro- 

t o n  and n e g a t i v e l y  charged e l e c t r o n  w i l l  appear .  

p r o t o n  w i l l  s t a y  i n  t h e  nucleus,  bu t  t h e  e l e c t r o n  i s  

e j e c t e d .  

The 

19. T h i s  e l e c t r o n  which i s  e j e c t e d  from t h e  nuc leus  of a n  atom 

i s  c a l l e d  a par t ic le .  

20. One d i f f e r e n c e  between t h e  e l e c t r o n  and t h e  b e t a  p a r -  

t i c l e  i s  t h a t  t h e  e l e c t r o n  normally moves i n  a n  o r b i t  

around t h e  , whereas  t h e  b e t a  p a r t i c l e  i s  

e m i t t e d  from t h e  nuc leus  when a d i s a p p e a r s  

and a and a b e t a  p a r t i c l e  appear  i n  i t s  

p l a c e .  

nuc leus  

nucleus,  
r a d i o a c t i v e  

orb  i ts ,  
nuc leus  

pro tons ,  
neut rons  

b e t a  
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21. When b e t a  decay occurs ,  a n e u t r o n  i n  t h e  nuc leus  d i s a p -  nuc l e u  s 
neutron,  
p r o t o n  

p e a r s  and a p r o t o n  and a n  e l e c t r o n  are formed. The un- 

charged n e u t r o n  h a s  become two o p p o s i t e l y  charged p a r -  

t i c l e s .  The n e g a t i v e l y  charged e l e c t r o n  i s  e m i t t e d  as a 

b e t a  p a r t i c l e ,  and t h e  p o s i t i v e  p r o t o n  s t a y s  i n  t h e  nuc leus .  

The t o t a l  number of p r o t o n s  i n  t h e  nucleus,  t h e r e f o r e ,  

( i n c r e a s e s ,  d e c r e a s e s ) .  

22.  S i n c e  t h e  newly formed p r o t o n  s t a y s  i n  t h e  nucleus,  t h i s  i n c r e a s e s  

a l s o  t r a n s f o r m s  t h e  at.om i n t o  a n  atom of a d i f f e r e n t  G- 
ment. 

by a l p h a  p a r t i c l e  emission,  d o n ' t  you? Well, l e t  us  con- 

s i d e r  t h e  r a d i o a c t i v e  decay of Bismuth-212 by b e t a  par -  

t i c l e  emiss ion  by looking  a t  F i g u r e  11-5 and comparing 

i t  t o  F i g u r e  11-4. 

You remember t h e  r a d i o a c t i v e  decay of Bismuth-212 - 

BETA 
POLONIUM-212 PARTICLE --- -@-- 

A€ t er 

\-gamma r a y  
n u c l e u s  c o n t a i n s  

128 a e u t r o n s  
2 12 

83 p r o t o n s  and 84 p r o t o n s  and 

- 129 n e u t r o n s  
2 1 2  
- 

F i g .  11-5. R a d i o a c t i v e  Decay by B e t a - P a r t i c l e  Emission 

23. The r e s u l t  of b e t a - p a r t i c l e  emiss ion  i s  t h a t  t h e  nuc leus  

of t h e  r a d i o a c t i v e  atom l o s e s  one n e u t r o n  and g a i n s  one 

p r o t o n  and t h e r e f o r e  t r a n s f o r m s  i t s e l f  i n t o  a d i f f e r e n t  

e lement .  The a tomic  weight  of t h i s  atom (does, does n o t )  

change. 



1 5  

w e  s a i d  t h a t  s i n c e  t h e  weight  of  t h e  does not  
n e u t r o n  w a s  about  1836 t i m e s  g r e a t e r  

t h a n  t h e  weight  of  a n  e l e c t r o n ,  w e  could i g n o r e  

of t h e  e l e c t r o n .  i 
24. When a b e t a  p a r t i c l e  is emi t ted ,  t h e  nuc leus  l o s e s  one 

n e u t r o n  b u t  i t  g a i n s  one p r o t o n  s o  t h e  a tomic  weight  does 

n o t  change; however, t h e  p o s i t i v e  charge  of t h e  nuc leus  

(increases, d e c r e a s e s )  by one. 

25. It i s  apparent  t h a t  when a n  a l p h a  or  b e t a  p a r t i c l e  i s  i n c r e a s e s  

e m i t t e d  from t h e  nuc leus  of a n  atom, t h e  p o s i t i v e  charge  

(number of p r o t o n s  o r  a tomic  number) of t h e  nuc leus  

changes.  Consequently,  t h e  atom i s  t ransformed i n t o  a 

d i f f e r e n t  e lement .  Does t h e  charge  of a nuc leus  change 

when a n e u t r o n  i s  e m i t t e d ?  (Yes, No) Why? 

No, because a 26.  Does t h e  charge  o r  weight  of a n  atom change when a gam- 

m a  r a y  i s  e m i t t e d ?  The gamma photon ( l i k e  h e a t ,  l i g h t ,  
neut ron  is un- 
charged;  o n l y  

weight  changes 
and r a d i o  s i g n a l s )  i s  a n  e l e c t r o m a g n e t i c  wave which i s  t h e  a tomic  

uncharged and w e i g h t l e s s .  Therefore ,  t h e  emiss ion  of a 

gamma photon by a n  atom (would, would n o t )  change i t s  

weight  o r  charge .  
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2 7 .  L e t  u s  summarize t h e  i n f o r m a t i o n  t h a t  w e  have about  

r a d  i a t  i o n .  

a. There are two k i n d s  o f  r a d i a t i o n - - c h a r g e d  and 

uncharged. 

The two charged r a d i a t i o n s  which w e  have s t u d i e d  are b .  

p a r t i c l e s  and p a r t i c l e s .  

c. The two uncharged r a d i a t i o n s  which w e  have s t u d i e d  

are and photons . 
d .  The n e u t r o n  i s  a n  uncharged p a r t i c l e  w i t h  a n  a tomic  

weight  of 1 amu. 

e. The gamma r a y  i s  a n  uncharged, w e i g h t l e s s  e l e c t r o -  

magnet ic  wave. 

f .  The b e t a  p a r t i c l e  i s  a n e g a t i v e l y  charged e l e c t r o n  

which h a s  been e m i t t e d  from t h e  nuc leus  of a n  atom. 

g. The a l p h a  par t ic le  i s  a helium-atom n u c l e u s .  It i s  

a b i g  r a d i a t i o n  p a r t i c l e  w i t h  a p o s i t i v e  charge  of 

two and a weight  of 4 amu. 

would not  

28 .  Since t h e  s o u r c e  of r a d i a t i o n  i s  r a d i o a c t i v e  atoms, a a lpha ,  
b e t a ,  good q u e s t i o n  t o  a s k  i s  "what i s  t h e  s o u r c e  of r a d i o -  
neut rons  , 

a c t i v e  atoms?" There are n a t u r a l l y  o c c u r r i n g  r a d i o a c t i v e  gamma 

atoms and a r t i f i c i a l l y  produced r a d i o a c t i v e  atoms. 

does  n o t  matter t h a t  one k ind  of r a d i o a c t i v e  material 

o c c u r s  n a t u r a l l y  and t h e  o t h e r  i s  a r t i f i c i a l l y  produced; 

t h e y  b o t h  may e m i t  t h e  same k i n d s  of 

It 
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2 9 .  The n u c l e i  of  most e lements  found i n  n a t u r e  are s t a b l e .  r a d i a t i o n  

However, t h e r e  are  some n a t u r a l l y  r a d i o a c t i v e  n u c l e i  such 

as uranium-238 and bismuth-212. A r t i f i c i a l l y  r a d i o a c t i v e  

n u c l e i  can  be  produced i n  s e v e r a l  ways. We c a l l  t h i s  

a r t i f i c i a l l y  produced r a d i o a c t i v i t y  induced r a d i o a c t i v i t y  

because  t h e  nuc leus  becomes u n s t a b l e  as a r e s u l t  of a 

change t h a t  w e  induce  o r  cause  t o  happen. 

3 0 .  The most common method of r a d i o a c t i v i t y  i s  

by p l a c i n g  t h e  material i n  o r  nea r  a r e a c t o r  c o r e  where 

t h e r e  are  many n e u t r o n s .  

(swallows up) one of t h e  neu t rons  and is  t ransformed as 

a r e su l t  of t h i s  a b s o r p t i o n  i n t o  an  u n s t a b l e  atom w i t h  

excess energy .  

An atom of t h e  material abso rbs  

- - - - - - -  

3 1 .  T h i s  u n s t a b l e  atom t h e n  t r i e s  t o  r e t u r n  t o  a s t a b l e  s ta te  inducing  

by e m i t t i n g  energy  i n  t h e  form of  

3 2 .  We w i l l  have more t o  s a y  about  a r t i f i c i a l l y  produced o r  r a d i a t i o n  

r a d i o a c t i v i t y  a l i t t l e  la ter .  

33. R a d i o a c t i v e  material i s  material  which c o n t a i n s  u n s t a b l e  induced 

atoms.  It makes no d i f f e r e n c e  whether  t h i s  material 

occur s  n a t u r a l l y  o r  i s  a r t i f i c i a l l y  produced; i t  w i l l  

s t i l l  e m i t  

- - - - - - -  

r ad i a t  i o n  
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2.3 Radioactive Contaminat ion 

3 4 .  Now that we have some idea about radioactive atoms and 

radiation, the next question is, "what is radioactive 

contaminat ion?" 

3 5 .  Contamination is material in a place where it is not 

wanted. For example, the floor of your kitchen at home 

may be contaminated with mud; your coffee may be contam- 

inated with cream (if you like black coffee). 

3 6 .  Radioactive contamination is radioactive material which 

is an impurity in an otherwise nonradioactive system. 

That is, radioactive Contamination results when radio- 

active material has been deposited in any place where it 

is not desired--particularly any place where its presence 

may be harmful, Therefore, radioactive contamination is 

an impurity which is a source of 

3 7 .  Radioactive contamination is radioactive material in an 

otherwise "clean" system. This contamination is a 

source of , as is a l l  radioactive 

material. 

38. There are two types of radioactive contamination. The 

two types are transferable contamination and nontransfer- 

able contamination. Radioactive contamination which can 

be easily spread or transferred is called (transferable, 

nontransferable) contamination. 

radiation 

radiation 
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3 9 .  

40. 

41. 

42 e 

4 3  a 

44 e 

T r a n s f e r a b l e  contaminat ion  can  be  e a s i l y  s p r e a d  o r  t r a n s -  t r a n s f e r a b l e  

f e r r e d  t o  o t h e r  p i e c e s  of equipment, t o  o t h e r  areas of a 

b u i l d i n g ,  t o  o t h e r  persons,  e t c .  N o n t r a n s f e r a b l e  contam- 

i n a t i o n  (can, c a n n o t )  b e  e a s i l y  s p r e a d .  

So, r a d i o a c t i v e  Contaminat ion which can b e  e a s i l y  spread  cannot  

i s  c a l l e d  r a d i o a c t i v e  contaminat ion .  

T r a n s f e r a b l e  contaminat ion  i s  g e n e r a l l y  d e t e c t e d  by wiping 

some of t h e  r a d i o a c t i v e  mater ia l  o n t o  a c l e a n  f i l t e r  paper  

and d e t e c t i n g  coming from t h e  p r e v i o u s l y  

c l e a n  paper .  

It makes no d i f f e r e n c e  whether  t h e  material i s  t r a n s -  

f e r a b l e  contaminat ion  o r  n o n t r a n s f e r a b l e  contaminat ion;  

i f  t h e  material  i s  r a d i o a c t i v e ,  i t  w i l l  e m i t  

Suppose w e  d e t e c t  r a d i a t i o n  b e i n g  e m i t t e d  from a p i e c e  of 

f i l t e r  paper  t h a t  has  been wiped a c r o s s  t h e  f l o o r .  We 

would say  t h a t  t h e  f l o o r  i s  contaminated w i t h  

r a d i o a c t i v e  contaminat ion .  

- - - - - - -  

I f  w e  s p r a y  p a i n t  over  t h i s  contaminated s p o t  and a l l o w  

t h e  p a i n t  t o  dry,  t h e  t r a n s f e r a b l e  contaminat ion  i s  no 

l o n g e r  e a s i l y  spread  and h a s  become 

r a d i o a c t i v e  contaminat ion .  

t r a n s f e r a b l e  

r a d i a t i o n  

r a d  i a t  i o n  

t r a n s  f e r  ab 1 e 
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example i s  used t o  i l l u s t r a t e  t h e  
however, i t  should  be  noted  t h a t  t h e  above 

i s  e cons ide red  good p r a c t i c e .  

n o n t r a n s f e r a b l e  

45.  We could  now wipe a c l e a n  f i l t e r  paper  a c r o s s  t h e  p a i n t e d  

f l o o r ,  and w e  would f i n d  t h a t  w e  could  no t  d e t e c t  any 

r a d i a t i o n  coming from t h e  f i l t e r  paper  because  no r a d i o -  

ac t ive  ( r a d i a t i o n ,  con tamina t ion )  w a s  t r a n s f e r r e d  t o  t h e  

f i l t e r  paper .  

46.  We may, however, be a b l e  t o  d e t e c t  r a d i a t i o n  from t h e  contaminat ion  

f l o o r  where t h e  p a i n t  w a s  a p p l i e d .  The r a d i o a c t i v e  con- 

t a m i n a t i o n  which i s  be ing  h e l d  i n  p l a c e  by t h e  p a i n t  i s  

e m i t t i n g  t h i s  

47. It should  be  r ecogn ized  t h a t  i f  t h e  p a i n t  becomes chipped r a d i a t i o n  

o r  i s  removed, t h e  n o n t r a n s f e r a b l e  con tamina t ion  may aga in  

become contaminat ion .  

T h i s  i s  one of a number of r e a s o n s  
procedure  d e s c r i b e d  i n  Frame 41 i s  no t  con- C s i d e r e d  good p r a c t i c e .  

48. Now, l e t  u s  suppose t h a t  we have a r e a c t o r - c o r e  t o o l  

which has  some t r a n s f e r a b l e  con tamina t ion  on t h e  s u r f a c e .  

We c l e a n  i t  thoroughly ,  u s i n g  w e t  rags,  We t h e n  wipe 

t h e  t o o l  w i t h  a c l e a n  f i l t e r  paper .  The f i l t e r  paper  i s  

checked and w e  d e t e c t  no 

t r a n s f e r a b l e  
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4 9 .  The w e t  r a g s  are checked and w e  d e t e c t  r a d i a t i o n .  r a d i a t i o n  

T h i s  would i n d i c a t e  t h a t  t h e  r a d i o -  

a c t i v e  contaminat ion  has  been t r a n s f e r r e d  from t h e  t o o l  

t o  t h e  w e t  r a g s .  

50. We are now convinced t h a t  a l l  of t h e  

r a d i o a c t i v e  contaminat ion  h a s  been t o  

t h e  w e t  r a g s .  

t r a n s f e r a b l e  

51. However, w e  f i n d  t h a t  r a d i a t i o n  i s  s t i l l  coming from t h e  t r a n s f e r a b l e ,  
t r a n s f e r r e d  t o o l .  We have n o t  p a i n t e d  t h e  t o o l ;  and we are  reason-  

a b l y  s u r e  t h a t  no chemical  bonding a c t i o n  could have 

t a k e n  p lace ,  s o  t h e r e  i s  no t r a n s f e r a b l e  contaminat ion  

due t o  t h e s e  two causes. I n  a d d i t i o n ,  t h e  

contaminat ion  h a s  been removed by t h e  wet r a g s .  

52.  What could b e  t h e  s o u r c e  of t h e  r a d i a t i o n  which i s  coming 

from t h e  t o o l ?  The t r a n s f e r a b l e  contaminat ion  was re- 

moved by w e t  r a g s ;  w e  d i d  n o t  p a i n t  t h e  t o o l  s o  as t o  con- 

f i n e  any t r a n s f e r a b l e  contaminat ion ,  and w e  are s u r e  no 

chemical  bonding a c t i o n  h a s  t a k e n  p l a c e ,  (Think--then 

proceed t o  t h e  n e x t  f rame.)  

5 3 .  The r a d i a t i o n  coming from t h e  t o o l  i s  r a d i a t i o n  which i s  

be ing  e m i t t e d  by r a d i o a c t i v e  atoms i n  t h e  material of 

which t h e  t o o l  i s  made. That is, some of t h e  atoms of 

which t h e  t o o l  i s  made were a t  one t ime o r  a n o t h e r  a r t i -  

f i c i a l l y  made r a d i o a c t i v e  by exposure  t o  n e u t r o n s .  

t h e  t o o l  i s  made of iron, t h e n  some o f  t h e  

atoms are r a d i o a c t i v e .  

I f  

t r a n s f e r a b l e  
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54. If w e  w e r e  t o  t a k e  a p i e c e  of i r o n  and p l a c e  i t  n e a r  a i r o n  

r e a c t o r  c o r e  where t h e r e  are many, many neut rons ,  some 

of t h e  i r o n  atoms would absorb  some of t h e  n e u t r o n s  and 

would be conver ted  from s t a b l e  atoms t o  ( r a d i o a c t i v e ,  

t r a n s f e r a b l e )  atoms. 

5 5 .  We have induced ( a r t i f i c i a l l y  produced) r a d i o a c t i v e  i r o n  r a d i o a c t i v e  

atoms. The piece of i r o n  i s  now a s o u r c e  of ( r a d i a t i o n ,  

atoms). 

56. The r a d i a t i o n  coming from t h e  p i e c e  of i r o n  i s  b e i n g  

e m i t t e d  by r a d i o a c t i v e  ( i ron ,  s t a b l e )  atoms. 

57. We could  wipe a c l e a n  f i l t e r  paper  across t h i s  p i e c e  of 

i r o n  and w e  would f i n d  t h a t  none of t h e  r a d i o a c t i v e  

r a d i a t i o n  

i r o n  

atoms were t r a n s f e r r e d  t o  t h e  f i l t e r  paper .  

58. However, i f  w e  were t o  s c r a p e  t h e  piece of i r o n  w i t h  a i r o n  

f i l e ,  w e  would probably  f i n d  t h a t  some of t h e  

atoms were t r a n s f e r r e d  t o  t h e  f i l e .  

- - - - - - -  

59. Because t h e  f i l i n g s  c o n t a i n i n g  r a d i o a c t i v e  i r o n  atoms r a d i o a c t i v e  
o r  i r o n  

are no l o n g e r  a t t a c h e d  t o  t h e  o r i g i n a l  p i e c e  of i r o n ,  

t h e y  can  b e  e a s i l y  spread  o r  t r a n s f e r r e d .  Therefore ,  

t h e y  have become r a d i o a c t i v e  c0nta.m- 

i n a t i o n  on t h e  f i l e .  
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60.  T h i s  p i e c e  of i r o n  which w a s  made a s o u r c e  of r a d i a t i o n  t r a n s f e r a b l e  

due t o  n e u t r o n  bombardment has  nou become a s o u r c e  of 

t r a n s f e r a b l e  r a d i o a c t i v e  due t o  t h e  

f i l i n g .  

61.  There i s  a n o t h e r  example of how t h e  p i e c e  of i ron ,  which cent amina t i o n  

i s  a s o u r c e  of r a d i a t i o n ,  could become a source  of r a d i o -  

a c t i v e  contaminat ion .  I f  t h e  i r o n  were t o  r u s t ,  t h e  oxi-  

d a t i o n  ( r u s t i n g )  would n o t  change t h e  r a d i o a c t i v i t y  of 

t h e  i r o n  atoms and s m a l l  r a d i o a c t i v e  r u s t  p a r t i c l e s  could 

d r o p  o f f  o r  be brushed o f f  w h i l e  t h e  p i e c e  of i r o n  w a s  

b e i n g  handled .  The r a d i o a c t i v e  r u s t  p a r t i c l e s ,  even w h i l e  

t h e y  were s t i l l  on t h e  p i e c e  of i r o n ,  would b e  c o n s i d e r e d  

r a d i o a c t i v e  contaminat ion .  

- - - - - - -  
62 .  From t h e s e  examples, i t  should  b e  recognized  t h a t  you t r a n s  f e r a b  l e  

may have a s o u r c e  of r a d i a t i o n  w i t h o u t  having contamina- 

t i o n .  However, i f  you have r a d i o a c t i v e  contaminat ion,  

you do have a source  of 

2 . 4  S e l f  Test  

63. An atom which has  a n  e x c e s s  of energy i n  i t s  nuc leus  i s  

a ( s t a b l e ,  r a d i o a c t i v e )  atom. By e m i t t i n g  r a d i a t i o n  t h i s  

atom t r a n s f o r m s  i t s e l f  by a p r o c e s s  c a l l e d  

decay.  (If  you made a n  i n c o r r e c t  response,  r e p e a t  Frames 

1 through 5.) 

r a d i a t i o n  
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64. The excess energy  e m i t t e d  by a r a d i o a c t i v e  atom i s  c a l l e d  

, and u s u a l l y  t a k e s  t h e  form of an 

p a r t i c l e ,  a p a r t i c l e ,  a neut ron ,  

and /o r  a photon. ( I f  you made a n  i n c o r r e c t  

response ,  r e p e a t  Frames 4 t h rough  7 . )  

65. An a l p h a  p a r t i c l e  i s  a he l ium a tom's  and 

i s  composed of two and two 

When a n  atom e j ec t s  a n  a l p h a  p a r t i c l e ,  i t s  a tomic  weight  

( i n c r e a s e s ,  d e c r e a s e s )  by (2, 4 ) .  (If  you made a n  i n c o r -  

r ec t  response ,  r e p e a t  Frames 8 through 13.) 

66.  A b e t a  p a r t i c l e  i s  a n  which h a s  been 

e j e c t e d  from t h e  (nuc leus ,  o r b i t )  of  a r a d i o a c t i v e  atom. 

I n  o r d e r  f o r  b e t a  decay  t o  occur,  a (neut ron ,  p ro ton )  

i n  t h e  nuc leus  must d i s a p p e a r  and a p ro ton  and a n  

must appea r .  ( I f  you made a n  i n c o r r e c t  

response ,  r e p e a t  Frames 14 through 21.) 

67.  When b e t a  decay occurs ,  t h e  number of p ro tons  i n  t h e  

nuc leus  ( i n c r e a s e s ,  d e c r e a s e s ) .  The a tomic  weight  

(does, does  n o t )  change. ( I f  you made a n  i n c o r r e c t  

response ,  r e p e a t  Frames 2 2  t h rough  24 . )  

68.  Is a n  atom t ransformed i n t o  a d i f f e r e n t  e lement  when a lpha  

emis s ion  occur s?  ( Y e s ,  N o )  When b e t a  emis s ion  occur s?  

(Yes, No) When n e u t r o n  emiss ion  occur s?  (Yes, No) When 

gamma photon emiss ion  occur s?  (Yes, N o )  (If you made a n  

i n c o r r e c t  response ,  r e p e a t  Frames 25 and 2 6 . )  

r a d i o a c t i v e  
ra .d ioac t  i ve  

r a d i a t i o n ,  
a lpha ,  
be t a ,  
gamma 

nucleus,  
neu t rons  , 
protons ,  
dec reases ,  
4 

e l e c t r o n ,  
nuc leus ,  
neut  r onJ 
e l e c t r o n  

i n c r e a s e  s, 
does no t  
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6 9 .  

70. 

71. 

72 

73. 

Naturally occurring and artificially produced radioactive 

materials emit the same kinds of (contamination, radia- 

tion). (If you made an incorrect response, repeat Frames 

28 through 3 0 . )  

Rad ioac t ive results from the presence 

of a radioactive impurity. This radioactive contamination 

is a source of , as is all radioactive 
material. (If you made an incorrect response, repeat 

Frames 31 through 33.) 

Radioactive contamination which is easily spread or trans- 

ferred is called radioactive contam- 

ination. That which is not easily spread is called 

radioactive contamination. (If you 

made an incorrect response, repeat Frames 33 through 37.) 

We generally detect transferable radioactive contamination 

by wiping across a suspected surface w i t h  a clean 

; if the surface has transferable radioactive 

contamination, we will detect coming 

from this previously clean . (If 

4 4 . )  

you made an incorrect response, repeat Frames 3% through 

Can you have a source of radiation without having any 

radioactive contamination? (Yes, No) (If you made an 
incorrect response, repeat Frames 45 through 59.) 

Yes, 
Yes, 

No 
No, 

radiation 

Contamination, 
radiat ion 

transferable, 
nontrans f erab 1 6  

filter paper, 
radiation, 
filter paper 
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74. Can you have r a d i o a c t i v e  contaminat ion  w i t h o u t  having  

any r a d i a t i o n ?  (Yes, No) ( I f  you made a n  i n c o r r e c t  

response,  r e p e a t  Frames 45 th rough 59.) 

75. A t o o l  which i s  f r e e  of t r a n s f e r a b l e  contaminat ion  may 

be a source of r a d i a t i o n  due t o  

r a d i o a c t i v e  contaminat ion  o r  w i t h i n  

i t .  (If you made a n  i n c o r r e c t  response,  r e p e a t  Frames 

45 th rough 59 . )  

Yes 

No 

n o n t r a n s f e r a b l e ,  
r a d i o a c t i v i t y  
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SECTION 11-3 

IONIZATION 

3.1 Ions  

Th i s  s e c t i o n  i s  devoted  t o  t h e  e f f e c t s  of  r a d i a t i o n  on 

matter and how matter can  be  used as r a d i a t i o n  s h i e l d s .  

1. Before  con t inu ing ,  l e t  u s  make a qu ick  review of a f e w  

i t e m s .  Matter i s  composed of e lements  of  which t h e  s m a l -  

les t  p i e c e  which r e t a i n s  i t s  i d e n t i t y  i s  c a l l e d  a n  atom. 

An atom c o n s i s t s  of a nuc leus ,  which c o n t a i n s  a l l  of t h e  

and , and which i s  s u r -  

rounded by i n  o r b i t s  about  t h e  nuc leus .  

2 .  Neutrons and gamma photons are uncharged. P ro tons  have 

a charge  which i s  ( p o s i t i v e ,  n e g a t i v e ) .  The e l e c t r o n ' s  

cha rge  i s  

3 .  The normal atom i s  e l e c t r i c a l l y  uncharged because  i t  h a s  

as many e l e c t r o n s  i n  o r b i t  as t h e r e  are i n  

t h e  nuc leus .  The n e g a t i v e  cha rges  of t h e  

balar lce  t h e  cha rges  of t h e  

4.  If  w e  were t o  remove a n  e l e c t r o n  from a normal atom, the 

a tomwould  have a p o s i t i v e  charge  because  of t h e  charge  

from one unmatched . Such a n  atom would 

be  c a l l e d  a n  ion .  

p ro tons  
neut rons ,  
e l e c t r o n s  

p o s i t i v e ,  
n e g a t i v e  

p ro tons  , 
e l e c t r o n s ,  
p o s i t i v e ,  
p ro tons  
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p r o t o n  5. I f  w e  were t o  remove a second e l e c t r o n  from t h i s  atom, 

two p r o t o n s  would b e  unmatched, and i t  would have a 

of two. 

- - - - - - -  

6 .  F i g u r e  11-6 below shows how a he l ium atom might p o s s i b l y  p o s i t i v e  
charge  appear  ( i f  w e  could see i t )  i n  t h e  n e u t r a l  and p o s i t i v e l y  

charged s ta tes .  I n  case 1, t h e  uncharged atom has  two 

p r o t o n s  and two n e u t r o n s  i n  t h e  nuc leus  and two elec- 

t r o n s  i n  o r b i t  which b a l a n c e  t h e  charge  of t h e  p r o t o n s .  

The n e t  charge  i s  zero,  s o  i t  i s  a n e u t r a l  ( o r  uncharged) 

atom. 

CASE l 

2 p r o t o n s  
a tomic  

weight  4 

NEUTRAL ATOM, 4 ~ e  (not  a n  ion)  

CASE 2 

2 pro tons  
a t  omic 

weight  4 

P O S I T I V E  CHARGE OF 1, 4He+ ( ion)  

CASE 3 CASE 4 

2 p r o t o n s  
a tomic  

weight  4 

2 pro tons  
atomic 

weight  5 

POSITIVE CHARGE OF 2, 4He+f ( ion)  P O S I T I V E  CHARGE OF 2, 5H1ei-C ( ion)  

F i g .  11-6 .  Ions 

- - - - - - -  
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7.  I n  case 2, t h e  atom h a s  t w o  p ro tons  and two neu t rons  i n  

t h e  nuc leus  and o n l y  one e l e c t r o n  i n  o r b i t .  T h i s  atom 

has  a ( p o s i t i v e ,  n e g a t i v e )  cha rge  of 1. 

8. The atoms i n  case 3 and case 4 have l o s t  a l l  of t h e i r  

o r b i t a l  e l e c t r o n s .  They are, i n  f a c t ,  n u c l e i  of atoms 

of t h e  element  

9 .  I n  case 3, t h e  atom h a s  l o s t  b o t h  of i t s  e l e c t r o n s  and 

so  t h e  remain ing  nuc leus  h a s  a charge  of 

- - - - - - -  

10. Do you r ecogn ize  t h e  nuc leus  i n  case 3? Yes, w e  have 

t a l k e d  b e f o r e  about  t h i s  p o s i t i v e l y  charged helium-atom 

nuc leus .  It i s  a l s o  c a l l e d  a n  p a r t i c l e .  

- - - - - - -  
11. I n  case 4 ,  the  nuc leus  i s  s t i l l  a he l ium nuc leus  because  

i t  h a s  t h e  same number of as t h e  n u c l e i  of 

t h e  o t h e r  he l ium atoms. 

12 .  S ince  t h e  nuc leus  i n  case 4 h a s  a d i f f e r e n t  number of 

neut rons ,  it i s  a d i f f e r e n t  of hel ium, 

13. The atoms i n  cases 2, 3, and 4 have one c h a r a c t e r i s t i c  

which i s  t h e  s a m e .  Tha t  is ,  t h e y  each  have unmatched 

p ro tons  and t h e r e f o r e  have p o s i t i v e  

p o s i t i v e  

he  1 ium 

p o s i t i v e ,  
2 

a l p h a  

p ro tons  

i s o t o p e  
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14. Atoms which have unmatched p r o t o n s  o r  e l e c t r o n s  are c a l l e d  charges  

- i o n s .  

and t h e r e f o r e  i s  n o t  a n  

The atom shown i n  case 1 i s  n e u t r a l  (uncharged) 

15. The atoms shown i n  cases 2, 3, and 4 have p o s i t i v e  

and are c a l l e d  

- - - - - - -  

i o n  

16. When t h e  p o s i t i v e l y  charged atom and t h e  e l e c t r o n  which charges,  
i o n s  has  been s e p a r a t e d  from t h e  atom are c o n s i d e r e d  as a 

p a i r ,  t h e y  are c a l l e d  a n  i o n  p a i r .  

t i v e l y  charged atom i s  cons idered ,  i t  i s  c a l l e d  an  . 
When o n l y  t h e  p o s i -  

17.  An i o n  p a i r  i s  a charged atom and a n  e l e c t r o n  which has  

been  from t h e  atom. 

i o n  

18. Now, s i n c e  you have added ion and ion pair t o  your vocabu- s e p a r a t e d  
removed l a r y ,  l e t  u s  add i o n i z a t i o n .  I o n i z a t i o n  i s  t h e  p r o c e s s  

by which i o n s  o r  i o n  p a i r s  are c r e a t e d .  

19.  So, when e l e c t r o n s  are removed o r  s e p a r a t e d  from a n  atom, 

w e  ca l l  t h e  charged atom a n  . When w e  speak of 

b o t h  t h e  charged atom and t h e  s e p a r a t e d  e l e c t r o n ,  w e  u s e  

t h e  t e r m  . W e  c a l l  t h e  p r o c e s s  

- - - - - - -  

or  

ion, 
i o n  p a i r ,  
i o n i z a t i o n  
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3 . 2  R a d i a t i o n  and I o n i z a t i o n  

20.  What c a u s e s  i o n i z a t i o n ?  S ince  w e  have been  t a l k i n g  about  

r a d i a t i o n ?  i t  i s  l o g i c a l  f o r  you t o  assume t h a t  

c a u s e s  i o n i z a t i o n .  

2 1 .  I o n i z a t i o n  is caused by r a d i a t i o n .  E l e c t r o n s  are removed r a d i a t i o n  

or  s e p a r a t e d  from t h e  atom by r a d i a t i o n ?  t h u s  c r e a t i n g  

p a i r s .  

2 2 ,  A s  r a d i a t i o n  p a s s e s  through m a t t e r ,  some of i t s  energy  i o n  

i s  t r a n s f e r r e d  t o  t h e  mat te r ;  t h i s  can r e s u l t  i n  removing 

e l e c t r o n s  from atoms. When i t  does,  t h i s  removal of 

e l e c t r o n s  from atoms i s  c a l l e d  

- - - - - - -  

2 3 .  I o n i z a t i o n  i s  a r e s u l t  of t h e  t r a n s f e r  of energy from i o n i z a t i o n  

t o  t h e  atoms of which matter i s  composed. 

- - - - - - -  

24. L e t  u s  look j u s t  a l i t t l e  c l o s e r  a t  t h i s  process ,  i o n i z a -  r a d i a t i o n  

t i o n .  

r a d i a t i o n  c a u s e  i o n i z a t i o n ? "  

When w e  do, w e  might ask t h e  q u e s t i o n ,  "How does 

25. One way by which r a d i a t i o n  can  cause i o n i z a t i o n  i s  by 

d i r e c t  c o l l i s i o n  w i t h  t h e  atom. I f  t h e  r a d i a t i o n ,  as i t  

p a s s e s  through matter ,  should c o l l i d e  or i n t e r a c t  w i t h  

a n  atom, a n  e l e c t r o n  might l e a v e  i t s  o r b i t - - t h u s  becoming 

s e p a r a t e d  from t h e  atom. I f  t h i s  occurs  a n  p a i r  

i s  c r e a t e d .  
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26. I f  you have e v e r  played pool,  you have wi tnes sed  t h i s  i o n  

t y p e  of d i r e c t  c o l l i s i o n  r e a c t i o n .  The cue  b a l l  h i t s  

t h e  pool  b a l l  and g l a n c e s  o f f .  The poo l  b a l l  goes one 

way, t h e  cue  b a l l  goes a n o t h e r .  Th i s  i s  a n  example of 

t h e  d i r e c t  c o l l i s i o n  r e a c t i o n  (see F i g u r e  1 1 - 7 ) .  

CASE 1 CASE 2 

nuc leus  

e l ec t r  

P 
/ ./ 

/ / 
NEUTRAL ATOM I O N  WITH A POSITIVE CHARGE OF 1 

F ig .  11-7.  I o n i z a t i o n  by Direct C o l l i s i o n  

27 .  For  r a d i a t i o n  c o n s i s t i n g  of charged p a r t i c l e s ,  t h e  d i r e c t  

c o l l i s i o n  r e a c t i o n  i s  - n o t  t h e  most l i k e l y  method of me-  

sting i o n  p a i r s .  One r e a s o n  i s  t h a t  atoms are mos t ly  

empty space .  (Remember t h e  ana logy  of the g o l f  b a l l s  sep-  

a r a t e d  by >lo00 f t . )  The most l i k e l y  method by which 

r a d i a t i o n  c o n s i s t i n g  o f  charged p a r t i c l e s  causes  i o n i z a -  

t i o n  i s  by e l ec t r i ca l  a t t r a c t i o n  or r e p u l s i o n .  

cha rges  a t t r ac t  each  o t h e r ;  l i k e  cha rges  r e p e l  each  o t h e r . )  

(Unlike 

- - - - - - -  

28. I o n  p a i r s  are c r e a t e d  by r a d i a t i o n  c o n s i s t i n g  o f  charged 

p a r t i c l e s  p r i n c i p a l l y  by e l ec t r i ca l  o r  
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29. 

30. 

31 .  

Charged p a r t i c l e s  are surrounded by a n  e l ec t r i c  f i e l d .  

It i s  t h e  e l ec t r i c  f i e l d  o f  t h e  charged p a r t i c l e s  which 

i n t e r a c t s  w i t h  (mutual a c t i o n  upon) t h e  e l ec t r i c  f i e l d  

of t h e  o r b i t a l  e l e c t r o n s  caus ing  them t o  l e a v e  t h e i r  

o r b i t s .  Thus,  i o n i z a t i o n  by charged r a d i a t i o n  i s  t h e  

r e s u l t  o f  t h e  i n t e r a c t i o n  of t h e  f i e l d  

of t h e  charged r a d i a t i o n  w i t h  t h e  e l ec t r i c  f i e l d  of t h e  

a tom's  o r b i t a l  (see F i g u r e  11-8). 

a t t rac t  ion, 
r epu 1 s i o n  

@"'--?b 

\ d i r e c t i o n  of mot ion  
of b e t a  r a d i a t i o n  

F i g .  11-8. I o n i z a t i o n  of Atoms by Charged P a r t i c l e  R a d i a t i o n  

- - - - - - -  

Uncharged r a d i a t i o n  does n o t  have a n  

and must t h e r e f o r e  cause  i o n i z a t i o n  p r i m a r i l y  

by d i r e c t  

P o s i t i v e  e l ec t r i ca l  c h a r g e s  a t t r a c t  n e g a t i v e  e l ec t r i ca l  

charges ,  and v i c e  v e r s a .  Therefore ,  it i s  a p p a r e n t  t h a t  

a n  e l e c t r o n  might b e  a t t r a c t e d  o u t  of i t s  o r b i t  by a 

charge  a r a d i a t i o n  p a r t i c l e  which h a s  a - 

electric,  
e l e c t r o n s  

e lec t r ic  
f i e l d ,  

collision o r  
i n t e r a c t i o r  
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32. P o s i t i v e  cha rges  r e p e l  p o s i t i v e  charges ,  and n e g a t i v e  p o s i t i v e  

cha rges  r e p e l  n e g a t i v e  cha rges .  Therefore ,  a n e g a t i v e l y  

charged r a d i a t i o n  p a r t i c l e  might a n  elec- 

t r o n  o u t  of i t s  o r b i t .  

33.  T h i s  method of caus ing  i o n i z a t i o n  by e l e c t r i c a l  at trac- r e p e l  

t i o n  o r  r e p u l s i o n  i s  c h a r a c t e r i s t i c  of (charged, 

uncharged) r a d i a t i o n .  

3 4 .  Uncharged r a d i a t i o n  does  no t  posses s  a n  e l e c t r i c  f i e l d ;  charged 

consequent ly ,  n e u t r o n s  and gamma photons cause  i o n i z a t i o n  

by ( r epu l s ion ,  c o l l i s i o n ) .  

3 . 3  Range 

35. Suppose you could  s h r i n k  i n  s i z e  s o  t h a t  you could  see a n  

a l p h a  p a r t i c l e  t r a v e l i n g  p a s t  you. If  you could  see t h e  

r e a c t i o n s  t a k i n g  p lace ,  you would see, as t h e  a l p h a  pa r -  

t i c l e  passed  by, many e l e c t r o n s  l e a v e  t h e i r  atoms and t r y  

t o  f o l l o w  t h e  a l p h a  p a r t i c l e  (because of t h e  a l p h a  pa r -  

t i c l e ' s  p o s i t i v e  c h a r g e ) .  As each  e l e c t r o n  l e f t  i t s  atom, 

you would n o t i c e  t h e  a l p h a  p a r t i c l e  slow down j u s t  a l i t t l e ,  

and e v e n t u a l l y  it would s t o p .  When t h e  a l p h a  p a r t i c l e  

s topped,  t h e  e l e c t r o n s  would be a t t r a c t e d  t o  it. Two of 

t h e s e  e l e c t r o n s  would choose a n  o r b i t  and s t a r t  c i r c l i n g  

around t h e  p a r t i c l e .  The a l p h a  p a r t i c l e  h a s  now become 

a n  uncharged atom. It can  no longe r  cause  

i o n i z a t i o n  t o  t a k e  p l a c e .  

c o l  l i s  i o n  
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3 6 .  By u s e  of an ins t rument  c a l l e d  a cloud chamber, t h e  p a t h  hel ium 

( u s u a l l y  c a l l e d  a " t rack")  of a charged p a r t i c l e  can be 

observed.  F i g u r e  11-9 shows what would be observed i f  

w e  had a c loud  chamber and a s o u r c e  of a l p h a  p a r t i c l e s .  

L 

\ t r a c k s  of 
p a r t  i c  l e  s 

a l p h a  

F i g .  11-9 .  Alpha P a r t i c l e  Tracks 

- - - - - - -  

37.  Not ice  how t h e  t r a c k s  t e r m i n a t e  a f t e r  t h e  a l p h a  p a r t i c l e  

h a s  t r a v e l e d  a c e r t a i n  d i s t a n c e .  A l l  of  t h e  p a r t i c l e s  

s t o p  a t  about  t h e  same d i s t a n c e  from t h e  source .  T h i s  

d i s t a n c e  i s  normally r e f e r r e d  t o  as t h e  "range" and i s  

c h a r a c t e r i s t i c  of charged r a d i a t i o n .  

38. The d i s t a n c e  which charged r a d i a t i o n  can  t r a v e l  i n  a par -  

t i c u l a r  material  and cause  ionizat ioxr  i s  normally r e f e r r e d  

t o  as t h e  

39. I o n i z a t i o n  t r a c k s  caused by a s o u r c e  of uncharged r a d i a -  

t i o n  d o  _not t e r m i n a t e  a t  about  a n  e q u a l  d i s t a n c e  from t h e  

s o u r c e .  I n  o t h e r  words, uncharged r a d i a t i o n  does n o t  have 

a d e f i n i t e  

range  
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40.  I f  your  car h a s  a f u l l  20 -ga l lon  gas  t a n k  and w i l l  g e t  

15 m i  p e r  g a l l o n ,  t h e n  t h e  r ange  of your car i s  300 m i  

(20 g a l  x 15 mpg), as long  as t h e  t a n k  i s  no t  r e f i l l e d .  

Charged par t ic les  l o s e  a small amount of energy  each  t i m e  

t h e y  c r e a t e  an  ion  p a i r  and e v e n t u a l l y  "run out  of gas" .  

The d i s t a n c e  t h e  charged p a r t i c l e  t r ave l s  b e f o r e  running  

ou t  of "gas" i s  c a l l e d  t h e  

- 
You may be  i n t e r e s t e d  t o  know t h a t  t h e  b a s i c  
u n i t  of energy  used  when speaking  of r a d i a -  
t i o n  i s  t h e  e l e c t r o n  v o l t  (ev) .  The e l e c t r o n  
i n  t h e  i l l u s t r a t i o n  w i l l  have ga ined  1 elec- 
t r o n  v o l t  (ev) of energy  by t h e  t ime it 
r e a c h e s  t h e  p o s i t i v e  p l a t e .  

e l e c t r o n  be ing  

t h e  p o s i t i v e  
p l a t e  

P 

Fig .  11-10 

range  

range  

41. A b e t a  par t ic le  l o s e s  energy  a t  t h e  rate of -1 M e V  i n  

t r a v e l i n g  12  f t  i n  a i r  (MeV, o r  m i l l i o n  e l e c t r o n  v o l t s ,  

i s  a u n i t  o r  measure  of ene rgy) .  The range  of a b e t a  pa r -  

t i c l e  w i t h  1 M e V  of energy  (gas) i s  12 f t  i n  a i r  (1 Mev x 

12 ft/Mev) . The d i f f e r e n c e  i n  range between t h e  v a r i o u s  

t y p e s  of charged par t ic les  i s  similar t o  t h e  d i f f e r e n c e  

i n  g a s  mi l eage  between a Volkswagen and a C a d i l l a c - - t h e  

l i g h t e r  car g e n e r a l l y  t r a v e l s  f a r t h e r  on t h e  same amount 

of g a s .  Th i s  i s  b e s t  i l l u s t r a t e d  by comparing r anges  of 

a b e t a  (p) p a r t i c l e  and an  a l p h a  (CXJ p a r t i c l e ,  which are 

inc luded  i n  Table  11-0. 
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Table  11-1. Ranges of 1 M e V  P a r t i c l e s  ( i n  i n . )  i n  S e v e r a l  Materials 

A i r  Water, Concre te  Lead P a r t i c l e  and 
Charge T i s s u e  

@+' (a lpha)  0 . 2  

p" ( b e t a )  144 0 

p+ (pro ton)  0 . 9  

d' (pro ton  + 0.6  
neut ron)  

-0.0002 

0.14 0.075 0.012 

42.  According t o  Table  11-1, t h e  1 Mev b e t a  p a r t i c l e  t r a v e l s  

about  1 2  f t  i n  air ,  w h i l e  t h e  a l p h a  p a r t i c l e  t r a v e l s  

on ly  

- - - - - - -  

4 3 .  The range  of a charged p a r t i c l e  may t h e n  be d e f i n e d  as 0 . 2  i n .  (less 
t h a n  114 of 
an in . .  ) t h e  d i s t a n c e  it can t r a v e l  and s t i l l  c a u s e  

4 4 .  S i n c e  charged par t ic les  have t h i s  c h a r a c t e r i s t i c  of i o n i z a t i o n  

range,  i t  should be obvious t h a t  if w e  wish t o  s h i e l d  

t h i s  t y p e  of r a d i a t i o n ,  a l l  w e  need t o  do i s  t o  u s e  a 

t h i c k n e s s  of material  s l i g h t l y  g r e a t e r  t h a n  t h e  

of t h a t  p a r t i c l e  i n  t h a t  material. 

45. For example, from Table  11-1 w e  see t h a t  t h e  range  of range 

a l p h a  p a r t i c l e s  i n  water (or  human t i s s u e )  i s  0.0002 i n .  

and t h e  range  of b e t a  p a r t i c l e s  i n  water i s  

----I-- 

4 6 .  A l l  of t h e  i o n i z a t i o n  which t h e  b e t a  p a r t i c l e  c a n  cause  0.14 i n .  

w i l l  t a k e  p l a c e  i n  t h e  water i f  w e  use  more t h a n  

i n .  of water as s h i e l d i n g .  
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47. The r ange  of  t h e  b e t a  p a r t i c l e  i n  water i s  much g r e a t e r  0.14 (or  any 
g r e a t e r  
va lue)  

t h a n  t h e  range  of t h e  a l p h a  p a r t i c l e .  Therefore ,  i f  w e  

use  enough w a t e r  t o  s h i e l d  f o r  t h e  b e t a  par t ic le ,  w e  

a l s o  s h i e l d  f o r  t h e  

48. W e  should  r ecogn ize  from t h i s  example t h a t  a s o u r c e  of a l p h a  p a r t i c l e  

charged p a r t i c l e  r a d i a t i o n  can e a s i l y  remain under p a i n t ,  

b l o t t i n g  paper ,  t o o l s ,  and of course ,  a puddle  of water, 

and t h e n  be uncovered when least  expec ted  o r  d e s i r e d .  

4 9 .  Why i s  t h e r e  such  a b i g  d i f f e r e n c e  i n  t h e  r anges  o f  t h e  

b e t a  and a l p h a  p a r t i c l e s ?  There  are  two r e a s o n s .  F i r s t ,  

t h e  a l p h a  p a r t i c l e  h a s  twice as much e lec t r ica l  cha rge  

as t h e  b e t a  p a r t i c l e .  That  is, t h e  e l e c t r i c  f i e l d  i s  

l a r g e r  and s t r o n g e r  and t h u s  i n t e r a c t s  w i t h  more atoms 

as it moves through matter .  Second, t h e  l a r g e r  a l p h a  

p a r t i c l e  t r a v e l s  s lower .  (For example, a 1-Mev b e t a  

p a r t i c l e  w i l l  t r a v e l  -42 t i m e s  as f a s t  as a 1-Mev a l p h a  

p a r t i c l e . )  The re fo re ,  t he  a l p h a  p a r t i c l e  s t a y s  i n  one 

a r e a  f o r  a longe r  p e r i o d  of t i m e .  Consequent ly ,  t h e  

a l p h a  p a r t i c l e ' s  e l ec t r i c  f i e l d  i n t e r a c t s  w i t h  more atoms 

f o r  a longe r  pe r iod  o f  t ime.,  

50.  Since  r a d i a t i o n  p a r t i c l e s  w i t h  t h e  same amount o f  energy  

w i l l  create t h e  same number of i o n  p a i r s ,  i t  i s  appa ren t  

t h a t  the a lpha  p a r t i c l e  w i l l  c r e a t e  i t s  i o n  p a i r s  i n  a 

s h o r t e r  d i s t a n c e  of m a t e r i a l  p e n e t r a t e d .  That  i s  why t h e  

a l p h a  p a r t i c l e  h a s  a s h o r t e r  r ange  t h a n  t h e  b e t a  p a r t i c l e .  

So, f o r  charged r a d i a t i o n  p a r t i c l e s  of t he  s a m e  energy,  

t h e  one which h a s  more (charge,  neut.rons) and t r a v e l s  

(s lower,  € a s t e r ) - - t h u s  spending (more, less)  t i m e  i n  one 

area--will  iomize matter a long  a s h o r t e r  d i s t a n c e .  
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51. I f  w e  c o n s i d e r  r a d i a t i o n  par t ic les  w i t h  t h e  same amount charge,  
s 1 ower , 
mor e of energy, t h e  one which creates t h e  most i o n  p a i r s  p e r  

inch  of material  p e n e t r a t e d  w i l l  have t h e  s h o r t e s t  range .  

I f  a n  a l p h a  p a r t i c l e  and a b e t a  p a r t i c l e  have t h e  same 

energy, t h e  (alpha,  b e t a )  p a r t i c l e  w i l l  have t h e  l o n g e s t  

range .  

52. The t e r m  " s p e c i f i c  i o n i z a t i o n "  i s  used t o  d e s c r i b e  t h e  b e t a  

i o n i z i n g  a b i l i t y  of r a d i a t i o n  by s p e c i f y i n g  t h e  "number 

of i o n  p a i r s  c r e a t e d  per c e n t i m e t e r  of t r a v e l " .  Thus, 

i f  t h e  a l p h a  p a r t i c l e  h a s  a l a r g e  s p e c i f i c  i o n i z a t i o n ,  

t h e  number of i o n  p a i r s  c r e a t e d  per  c e n t i m e t e r  must be 

( l a r g e ,  s m a l l ) .  

53. An a l p h a  p a r t i c l e  produces about  50,000 t o  100,000 i o n  

p a i r s  per  c e n t i m e t e r  of p a t h  i n  a i r ,  w h i l e  i n  t h e  same 

d i s t a n c e  t h e  b e t a  p a r t i c l e  produces about  30 t o  300 i o n  

p a i r s .  The s p e c i f i c  i o n i z a t i o n  of a n  p a r  - 
t i c l e  i s  g r e a t e r  t h a n  t h a t  of t h e  p a r t i c l e .  

54. Radia t ion ,  whether  i t  i s  charged o r  uncharged, g i v e s  up 

some of i t s  energy each  t i m e  a n  i o n  p a i r  i s  c r e a t e d .  The 

kind of r a d i a t i o n  which could  be  expec ted  t o  g i v e  up i t s  

energy i n  a s h o r t  range  i s  (charged, uncharged) r a d i a t i o n .  

55. We l e a r n e d  ear l ie r  t h a t  atoms are  most ly  empty s p a c e  

because  of t h e  l a r g e  o r b i t s  of t h e  

l a r g e  

alpha,  
b e t a  

charged 



40 

56. Consequent ly ,  what w e  t h i n k  o f  as a s o l i d  o b j e c t  ( f o r  e l e c t r o n s  

example, your  desk,  which w e  c a l l  m a t t e r )  i s  i n  r ea l i t y  

most ly  space  

57 .  S ince  matter i s  mos t ly  empty space,  gamma photons and empty 

neu t rons  (uncharged r a d i a t i o n )  c a n  e a s i l y  p e n e t r a t e  a 

c o n s i d e r a b l e  d i s t a n c e  between t h e  widely-spaced atoms 

b e f o r e  an  i n t e r a c t i o n  occur s .  

58. Uncharged r a d i a t i o n  i s  t h e r e f o r e  more p e n e t r a t i n g  t h a n  

charged  r a d i a t i o n  because,  u a l i k e  charged r a d i a t i o n ,  un- 

charged r a d i a t i o n  m u s t  a c t u a l l y  c o l l i d e  w i t h  t h e  e l e c -  

t r o n s  i n  o r d e r  t o  g i v e  up some o r  a l l  of i t s  

59. S ince  r a d i a t i o n  i s  less l i k e l y  t o  l o s e  energy 

energy, i t  i s  more t h a n  

r a d i a t i o n .  

60. Uncharged r a d i a t i o n  does  not  have a range  because,  i n  uncharged, 
pene t ra t i n g  , 
charged 

gene ra l ,  i t s  i n d i v i d u a l  u n i t s  (such as gamma photons)  

lose most o r  a l l  of t he i . r  energy  i n  one i n t e r a c t i o n ,  s o  

i s  not  c o n t i n u o u s l y  slowed down. Charged r a d i a t i o n ,  how- 

ever ,  i s  c o n t i n u o u s l y  i n t e r a c t i n . g  w i t h  matter and i s  

t h e r e f o r e  b e i n g  con t inuous ly  slowed down. Charged r a d i -  

a t i o n  does  have a . Uncharged r a d i a t i o n  

does  not  have a 

range,  
range  
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3 . 4  S h i e l d i n g  

61. S i n c e  charged r a d i a t i o n  has  a range,  w e  can s h i e l d  t h i s  

t y p e  of r a d i a t i o n  by u s i n g  a t h i c k n e s s  of material 

s l i g h t l y  g r e a t e r  t h a n  t h e  

i n  t h a t  material. 

of t h e  r a d i a t i o n  

62. Uncharged r a d i a t i o n  does n o t  have a r a n g e  and t h e r e f o r e  range  

cannot  be comple te ly  s h i e l d e d  as w a s  t h e  

r a d i a t i o n .  

b e  noted  t h a t  i n  t h e  p r o c e s s  of s t o p -  
p ing  one t y p e  of r a d i a t i o n  w i t h  a p a r t i c u l a r  
t y p e  of s h i e l d ,  o t h e r  r a d i a t i o n  may be produced. 

procedure t o  always check t h e  r a d i a t i o n  l e v e l  

The l a t t e r  r a d i a t i o n  may b e  more p e n e t r a t i n g  
t h a n  t h e  o r i g i n a l  r a d i a t i o n .  It i s  a good I c o n s t r u c t  a s h i e l d .  

charged 
~ 

6 3 .  However, t h e  i n t e n s i t y  of t h e  uncharged r a d i a t i o n  can be 

reduced.  I f  a p a r t i c u l a r  t h i c k n e s s  of mater ia l  reduces  

t h e  i n t e n s i t y  t o  one- ten th  o r  10% of i t s  o r i g i n a l  value,  

w e  c a l l  t h i s  t h i c k n e s s  t h e  " t e n t h - v a l u e  layer" ,  o r  TVL. 

A t e n t h - v a l u e  l a y e r  w i l l  r educe  t h e  i n t e n s i t y  of t h e  

uncharged r a d i a t i o n  t o  of i t s  o r i g i n a l  

v a l u e .  

6 4 .  The i n t e n s i t y  of uncharged r a d i a t i o n  can b e  reduced t o  one- t e n t  h 

one- i t s  o r i g i n a l  t e n s i t y  by a 

of a s h i e l d i n g  material. 
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65. T h i s  t h i c k n e s s  of mater ia l  u s u a l l y  w i l l  comple te ly  t e n t h ,  

s h i e l d  any accompanying c h a r g e d - p a r t i c l e  r a d i a t i o n  be- 

c a u s e  charged r a d i a t i o n  i s  much less p e n e t r a t i n g  t h a n  

r a d i a t i o n .  

t e n t h - v a l u e  
l a y e r  o r  TVL 

- - - - - - -  

66. I f ,  f o r  example, one TVL i s  used, t h e  i n t e n s i t y  w i l l  be  uncharged 

reduced from 100% t o  1/10 of 100% or  10%. It w i l l  b e  

reduced by a n  a d d i t i o n a l  TVL t o  %. 

67. Now t h e  i n t e n s i t y  h a s  been reduced t o  1%. I f  a n o t h e r  1 

TVL i s  used, t h e  i n t e n s i t y  w i l l  be f u r t h e r  reduced from 

1% t o  %. 

68. So, a l t h o u g h  uncharged r a d i a t i o n  cannot  b e  comple te ly  0.1 

e l i m i n a t e d ,  it can  be t o  a t o l e r a b l e  

leve 1. 

reduced 69. F i g u r e  11-11 i s  a graph  of t h e  r a d i a t i o n  i n t e n s i t y  vs 

t e n t h - v a l u e  layers. From t h i s  graph, w e  see t h a t  a f t e r  

t h e  uncharged r a d i a t i o n  h a s  p e n e t r a t e d  f o u r  TVL'S, o n l y  

% of i t s  o r i g i n a l  i n t e n s i t y  i s  l e f t .  
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% of o r i g i n a l  
r a d i a t i o n  l e f t  
a f te r  p e n e t r a t i n g  
s h i e l d  

I 1 I 1 

0 1 2 3 4 

Number of TVL'S p e n e t r a t e d  

F i g .  11-11. Reduct ion of I n t e n s i t y  of Uncharged R a d i a t i o n  

70. Although f o u r  TVL'S w i l l  r educe  t h e  r a d i a t i o n  i n t e n s i t y  0.01 

t o  0.01% of i t s  o r i g i n a l  value,  t h e  i n t e n s i t y  might s t i l l  

be harmful .  For example, f o u r  TVL's would reduce a 

1,000,000 mrem/hr r a d i a t i o n  l e v e l  t o  

b u t  t h i s  i s  s t i l l  a h i g h  r a d i a t i o n  l e v e l .  

mrem/hr; 

i s  a u n i t  of r a d i a t i o n  

3.5 S e l f  T e s t  100 

7 1 .  An atom which l o s e s  some of i t s  e l e c t r o n s  becomes charged.  

The c h a r g e  i s  ( p o s i t i v e ,  n e g a t i v e )  because of t h e  unmatched 

. (If you made an  i n c o r r e c t  response,  repeat 

Frames 1 through 1 3 . )  
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7 2 .  The s e p a r a t i o n  of e l e c t r o n s  from atoms i s  c a l l e d  p o s i t i v e ,  
p r o t o n s  . The charged atom and s e p a r a t e d  elec- 

t r o n  are c a l l e d  a n  . The charged atom 

i s  c a l l e d  a n  . ( I f  you made a n  i n c o r r e c t  response,  

r e p e a t  Frames 14 through 19.) 

7 3 .  The removal of e l e c t r o n s  from atoms by e i t h e r  d i r e c t  co l -  i o n i z a t i o n ,  
i o n  p a i r ,  
i o n  

l i s i o n  o r  e l ec t r i c  a t t r a c t i o n  o r  r e p u l s i o n  are t h e  methods 

by which c a u s e s  . ( I f  you 

made a n  i n c o r r e c t  response,  r e p e a t  Frames 20 through 25.)  

7 4 .  (Charged, Uncharged) r a d i a t i o n  c a u s e s  i o n i z a t i o n  p r i n c i -  

p a l l y  by e l ec t r i ca l  a t t r a c t i o n  o r  r e p u l s i o n  w h i l e  

(charged, uncharged) r a d i a t i o n  can cause i o n i z a t i o n  only  

by c l o s e  i n t e r a c t i o n .  An e l e c t r i c  f i e l d  i s  a c h a r a c t e r -  

i s t i c  of (charged, uncharged) r a d i a t i o n .  ( I f  you made aa 

i n c o r r e c t  response,  repeat Frames 26 through 36 . )  

75. The d i s t a n c e  a charged p a r t i c l e  can  p e n e t r a t e  matter and 

s t i l l  c a u s e  i o n i z a t i o n  i s  c a l l e d  t h e  

p a r t i c l e .  Does uncharged r a d i a t i o n  have t h i s  c h a r a c t e r -  

i s t i c?  (Yes, No) (If you made a n  i n c o r r e c t  response ,  

r e p e a t  Frames 36 th rough 41.) 

of t h e  

r a d i a t i o n ,  
i o n i z a t i o n  

Charged, 
uncharged, 
charged 

76.  For t h e  same energy, a n  a l p h a  p a r t i c l e  w i l l  have a range, 
No 

( s h o r t e r ,  l o n g e r )  range  t h a n  a b e t a  p a r t i c l e .  ( I f  you 

made a n  i n c o r r e c t  response ,  r e p e a t  Frames 42 th rough 49.)  
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7 7 .  An a l p h a  p a r t i c l e  h a s  a much s h o r t e r  range  t h a n  a b e t a  

p a r t i c l e  w i t h  t h e  same energy .  The r e a s o n  f o r  t h i s  i s  

t h a t  t h e  (alpha,  b e t a )  p a r t i c l e  h a s  more charge  and 

t ravels  ( f a s t e r ,  s l o w e r ) .  (If you made a n  i n c o r r e c t  

response,  r e p e a t  Frames 50 through 55.) 

78. S i n c e  i t  does  not  have a d e f i n i t e  range, t h e  most pene- 

t r a t i n g  t y p e  of r a d i a t i o n  i s  (uncharged, charged)  r a d i -  

a t i o n .  S ince  it does have a range,  t h e  most  e a s i l y  

s h i e l d e d  r a d i a t i o n  i s  (charged, uncharged) r a d i a t i o n .  

( I f  you made a n  i n c o r r e c t  response,  r e p e a t  Frames 56 

through 6 7 . )  

s h o r t e r  

a lpha,  
s lower 

79. Uncharged r a d i a t i o n  cannot  be s h i e l d e d  a g a i n s t  completely,  uncharged, 
charged b u t  t h e  i n t e n s i t y  can  b e  reduced.  Two TVL’s reduce  t h e  

i n t e n s i t y  t o  of i t s  o r i g i n a l  v a l u e .  ( I f  you 

made a n  i n c o r r e c t  response,  r e p e a t  Frames 63 through 7 1 . )  

1 /10 x 1/10 
o r  1/100 
o r  1% 
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SECTION 11-4 

RADIATION UNITS 

I n  t h i s  s e c t i o n  w e  s h a l l  d i s c u s s  t h e  u n i t s  used t o  d e s c r i b e  

a q u a n t i t y  of r a d i o a c t i v e  material, a q u a n t i t y  of r a d i a t i o n  

e f f e c t ,  and rates of producing t h e s e  e f f e c t s .  

4 . 1  The C u r i e  

1. The e x c e s s  energy of a r a d i o a c t i v e  atom i s  e m i t t e d  i n  t h e  

form of which may be a n  p a r -  

t icle,  a p a r t i c l e ,  o r  a phot on. 

2 .  N a t u r a l l y  o c c u r r i n g  and a r t i f i c i a l l y  produced r a d i o a c t i v e  r a d i a t i o n ,  
a lpha ,  materials emit t h e  same k i n d s  of (contaminat ion,  
b e t a ,  

r a d i a t i o n ) .  gamma 

3 .  Can you have r a d i o a c t i v e  contaminat ion  w i t h o u t  having r a d i a t i o n  

any r a d i a t i o n ?  (Yes, No) 

4 .  Since  t h e  pr imary e f f e c t  of r a d i a t i o n  on matter i s  i o n i -  

z a t i o n ,  which c a n  be measured, i t  i s  i o n i z a t i o n  which i s  

measured i n  o r d e r  t o  de te rmine  t h e  q u a n t i t y  of r a d i a t i o n .  

The q u a n t i t y  of r a d i a t i o n  p r e s e n t  i s  determined by 

measuring t h e  amount of produced by t h e  

r a d i a t i o n .  

NO 
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5 .  S i n c e  d i f f e r e n t  k i n d s  of r a d i a t i o n  cause  i o n i z a t i o n  by i o n i z a t i o n  

d i f f e r e n t  methods, v a r i o u s  i n s t r u m e n t s  are used which 

t a k e  advantage  o f  t h e s e  d i f f e r e n t  methods i n  o r d e r  t o  

measure t h e  produced by t h e  

6 .  T h e r e  are  a l s o  u n i t s  which are  used t o  d e s c r i b e  q u a n t i -  

t i e s  of r a d i a t i o n .  A u n i t  i s  a s t a n d a r d  of measurement 

( f o r  example, inches ,  f e e t ,  yards ,  and mi les  are u n i t s  

of l e n g t h ) .  So, t o  measure r a d i a t i o n ,  w e  must have v a r i -  

ous k i n d s  of i n s t r u m e n t s ;  and t o  d e s c r i b e  q u a n t i t i e s  of 

r a d i a t i o n ,  w e  must e s t a b l i s h  u n i t s  of r a d i a t i o n .  

i o n i z a t i o n ,  
r a d i a t  i o n  

7 .  The "curie' '  i s  such a u n i t .  However, i n s t e a d  of repre- 

s e n t i n g  a q u a n t i t y  of r a d i a t i o n ,  it r e p r e s e n t s  a q u a n t i t y  

of r a d i o a c t i v e  material. R a d i o a c t i v e  material, you r e m e m -  

ber ,  i s  mater ia l  from which ( r a d i a t i o n ,  c u r i e )  i s  e m i t t e d .  

8. The u n i t  "curie"  i s  t h a t  amount of r a d i o a c t i v e  material r a d i a t i o n  

i n  which 3 . 7  x 10" (37 b i l l i o n  or  3.7 x 10,000,000,000) 

atoms d i s i n t e g r a t e  e v e r y  second. Not ice  t h a t  t h i s  i s  

r a d i o a c t i v e  material  and t h u s  may b e  mixed i n  w i t h  any 

amount o f  n o n r a d i o a c t i v e  mater ia l .  

_? o f . y o u  who may w i s h  t o  review methods 
of w r i t i n g  l a r g e  numbers: 

1 

1 1 

- 0.001 = 10- 3 
102 = 100 
103 = 1000 
1010 = 10,000,000,000 
1 1 1 0.000000001 = 10-10 m =lo 

101 = 10 -5 = m -  
- - p = 10,000,000,000 

= 0.1 = 10- 

1 2 = = 0.01 = 10- I-f- 
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9.  The d i s i n t e g r a t i o n  of a n  atom i s  t h e  r a d i o a c t i v e  decay of 

a n  atom; t h e r e f o r e ,  e a c h  d i s i n t e g r a t i o n  r e s u l t s  i n  t h e  

e m i s s i o n  of which can cause  i o n i z a t i o n .  

- - - - - - -  
10. That amount of  r a d i o a c t i v e  material  i n  which 3 . 7  x 10 10 

atoms d i s i n t e g r a t e  every  second i s  c a l l e d  a 

r a d i a t i o n  

11. I n  a c u r i e  of r a d i o a c t i v e  material, 37 b i l l i o n  ( 3 . 7  x c u r i e  

1O1O) atoms d i s i n t e g r a t e  e v e r y  

1 2 .  D i s i n t e g r a t i o n s  p e r  minute  ( u s u a l l y  r e f e r r e d  t o  as d i s /  second 

min o r  dpm) i s  a u n i t  d e s c r i b i n g  t h e  a c t u a l  number of 

atoms d i s i n t e g r a t i n g  each minute .  A 100 d/m source,  

then,  h a s  atoms d i s i n t e g r a t i n g  each minute .  

13.  D/m i s  a n  a b b r e v i a t i o n  f o r  100 

14. S i n c e  r a d i a t i o n  i s  e m i t t e d  e q u a l l y  i n  a l l  d i r e c t i o n s  from d i s i n  t e g sa. - 
t i o n s  p e r  
minute  

a r a d i o a c t i v e  source,  t h e  r a d i a t i o n  from a l l  of t h e  d i s -  

i n t e g r a t i o n s  does n o t  pass through t h e  d e t e c t i o n  i n s t r u -  

ment (see F i g u r e  11-12).  I n  a d d i t i o n ,  t h e  d e t e c t i o n  i n -  

s t rument  does n o t  count  a l l  of t h e  r a d i a t i o n  which p a s s e s  

through i t ;  it  i s  n o t  100% e f f e c i e n t .  The number of d i s -  

i n t e g r a t i o n s  p e r  minute which are d e t e c t e d  by t h e  i n s t r u -  

ment i s  c a l l e d  t h e  c o u n t s  per  minute  o r  c/m, 
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d e t e c t i o n  ins t rument  

F i g .  11- 12 R a d i a t i o n  D e t e c t i o n  

15. Do t h e  number of d/m u s u a l l y  e q u a l  t h e  number of c / m  

d e t e c t e d  from t h e  same s o u r c e ?  (Yes, No) 

- - - - - - -  

16. The number of c / m  i s  u s u a l l y  much less  t h a n  t h e  number No 

of d/m because a l l  of t h e  d/m are n o t  

by t h e  d e t e c t i n g  i n s t r u m e n t .  

- - - - - - -  

17. Suppose w e  have a r a d i a t , i o n  d e t e c t i o n  i n s t r u m e n t  which 

a c t u a l l y  d e t e c t s  one d i s i n t e g r a t i o n  p e r  minute  f o r  each 

t e n  d i s i n t e g r a t i o n s  per  minute which occur  i n  t h e  s o u r c e .  

d e t e c t e d  o r  
measured o r  
recorded  

I f  100 d i s i n t e g r a t i o n s  p e r  minute  occur  i n  a source ,  

what would b e  t h e  number of c / m ?  What would b e  t h e  num- 

b e r  of d/m? 
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s_l 

had a s o u r c e  w i t h  a s t r e n g t h  of one- 
m i l l i o n t h  (1/106) of a c u r i e ,  w e  would have 3 .7  
x lo4 d / s e c ;  or, s i n c e  t h e r e  are  60 sec i n  each  
minute, t h i s  same s o u r c e  would have 3 .7  x 104 
x 60 o r  222 x L O 4  dpm. The d e t e c t i o n  i n s t r u -  
ment which c o u n t s  o n l y  one d/m f o r  each 10 d/m 
would r e g i s t e r  o n l y  2 2 . 2  x lo4 c/m, - 

10, 
100 

18. I f  w e  have a r a d i o a c t i v e  s o u r c e  which has  1000 d/m, w e  

w i l l  f i n d  t h a t  f o r  t h i s  same ins t rument  t h e  number o f  

c / m  would b e  LOO.  The p o i n t  is, t h i s  p a r t i c u l a r  i n s t r u -  

ment can  d e t e c t  on ly  X of t h e  d i s i n t e g r a t i o n s  which 

are o c c u r r i n g  i n  t h e  s o u r c e .  

19. So, i f  t h i s  instrumen.t  r e c o r d s  1000 c/m,  we must d i v i d e  l o  
by 1 /10  (10%) o r  m u l t i p l y  by 10 i n  o r d e r  t o  de te rmine  t h e  

a c t u a l  number o f  d i s i n t e g r a t i o n s  which are o c c u r r i n g .  I n  

t h i s  case, t h e  d/m i s  

20. The number which w e  use  t o  d i v i d e  i n t o  c o u n t s  p e r  minute  10,000 

t o  o b t a i n  d i s i n t e g r a t i o n s  p e r  minute  i s  c a l l e d  t h e  "over- 

all c o u n t e r  f a c t o r " .  I n  t h e  example j u s t  d e s c r i b e d ,  t h e  

o v e r a l l  c o u n t e r  f a c t o r  i s  c o u n t s  p e r  d i s i n t e -  

g r a t i o n  (c /d)  

c /m 1 
d/m 10 \=all c o u n t e r  factor  = - ;= c o u n t s / d i s i n t e g r a G j  - or 0.1 

21. I f  our  r a d i a t i o n  d e t e c t i o n  ins t rument  r e c o r d s  2 c / m  and 

t h e  o v e r a l l  c o u n t e r  f a c t o r  o f  t h e  i n s t r u m e n t  i s  0.1, t h e  

a c t u a l  number of d/m i s  
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_I - 
The o v e r a l l  c o u n t e r  f a c t o r  can  be  broken  down 
i n t o  a combina t ion  of o t h e r  f a c t o r s .  I f  a 
source  produces 100 d/m and i f  t h e  r a d i a t i o n  
r e s u l t i n g  from 20 d/m passes through t h e  
d e t e c t o r ,  w e  s a y  t h e  "geometry f a c t o r "  i s  
20/100 o r  0 .2 .  I f  t h e  d e t e c t o r  a c t u a l l y  
coun t s  on ly  90% (0.9) of t h e  r a d i a t i o n  e n t e r -  
i n g  t h e  counter ,  w e  s ay  t h e  "coun te r  e f f i -  
c i e n c y  f a c t o r "  i s  0.9.  I n  t h i s  case, t h e  
" o v e r a l l  e f f i c i e n c y  f a c t o r "  i s  e q u a l  t o  t h e  
"geometry f a c t o r "  t i m e s  t h e  "coun te r  e f f  i- 
I__ c i e n c y  f a c t o r "  (0.2 x 0.9 = 0.18). I_ 

22.  I n  F i g u r e  11-13, l e t  each  r a d i a t i o n  l i n e  s t a n d  f o r  a n  

e q u a l  number of  d i s i n t e g r a t i o n s  p e r  minute  and assume 

t h a t  88% of t h e  r a d i a t i o n  e n t e r i n g  t h e  d e t e c t o r  i s  

counted .  

The number of c/rn i s  99 .  

The geometry f a c t o r  i s  

The c o u n t e r  e f f i c i e n c y  f a c t o r  i s  

The o v e r a l l  c o u n t e r  f a c t o r  i s  c / d .  

The s o u r c e  h a s  d/m. 

sou rce  
v 

20 

F i g .  11- 13. R a d i a t i o n  D e t e c t i o n  

- - - - - - -  
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23 .  I f  t h e  o v e r a l l  coun te r  f a c t o r  i s  known and does no t  

vary ,  c / m  can  be  conve r t ed  t o  

p e r  minute .  

- - - - - - -  
- _I_ 

The frames you have j u s t  completed d e s c r i b e  
t h e  method by which t h e  " o v e r a l l  coun te r  f a c -  
t o r "  of a n  in s t rumen t  i s  de te rmined .  That  is, 
w e  t a k e  a s o u r c e  f o r  which w e  know t h e  number 
of d/m and w e  l e t  t h e  in s t rumen t  r e g i s t e r  t h e  
number of c / m .  By d i v i d i n g  c / m  by d/m w e  ob- 
t a i n  t h e  o v e r a l l  coun te r  f a c t o r  of t h a t  p a r -  
t i c u l a r  i n s t rumen t .  Then, when w e  have a 
s o u r c e  f o r  which t h e  number of d/m i s  n o t  
known ( f o r  example, a p i e c e  of f i l t e r  paper  
which has  been wiped a c r o s s  an  o b j e c t  contam- 
i n a t e d  w i t h  t r a n s f e r a b l e  contaminat ion) ,  w e  
can  p l a c e  t h i s  p i e c e  of f i l t e r  paper  i n  t h e  
in s t rumen t ,  d i v i d e  t h e  c / m  r e g i s t e r e d  by t h e  
in s t rumen t  by t h e  o v e r a l l  coun te r  f a c t o r  and 
de te rmine  t h e  a c t u a l  number o f  d/m o c c u r r i n g  - 1 on t h e  f i l t e r  paper .  

24. Suppose w e  have a 1 m i l l i l i t e r  sample of water c o n t a i n i n g  

r a d i o a c t i v e  material .  

s i d e  1 c m  i n  l e n g t h .  

a t  t h e  s i d e  o f  t h e  page.)  If  f o r  t h i s  1 - m l  sample ,  

5,000 coun t s  p e r  minute  a r e  r e g i s t e r e d  on a n  in s t rumen t  

which h a s  a n  o v e r a l l  coun te r  f a c t o r  of  0.1,  t h e  a c t u a l  

number of d i s i n t e g r a t i o n s  p e r  minute  o c c u r r i n g  i n  t h i s  

d/m. m l  of water i s  
m l  

(1 m l  = 1 cm3 = a cube w i t h  each  

The a c t u a l  s i z e  o f  1 cm3 i s  shown 

- 

118 o r  0.125, 
0.88 
118 x 0.88 = 

0.11 
99 9900 

0.11 - 11 - 
- _ - -  

900 

d i s i n t e g r a t i o n s  

fl:... 1 c m  
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25. Since t h e r e  are 50,000 d i s i n t e g r a t i o n s  o c c u r r i n g  each 50,000 

minute  i n  t h i s  1 - m l  sample of water, t h e r e  are 833 d i s -  

i n t e g r a t i o n s  o c c u r r i n g  each second.  (There are 60 sec- 

onds i n  each  minute,  s o  50,000 d/m d i v i d e d  by 60 sec/ 

min e q u a l s  833 d / s e c . )  What f r a c t i o n  of a c u r i e  of 

r a d i o a c t i v e  mater ia l  do w e  have i n  t h i s  1 - m l  sample of 

water? 

- 
e a r l i e r  t h a t  one c u r i e  i s  t h a t  amount 

10 of r a d i o a c t i v e  material  i n  which 3 . 7  x 10 

d / s e c  o c c u r r i n g ,  t h e  f r a c t i o n  of a c u r i e  m a  
be found by d i v i d i n g  8 3 3  d / s e c  by 3 . 7  x 10 

sec occur .  S i n c e  our water sample h a s  8 3 3  

lis 

= 0.0225 x d / s e c .  8 3 3  d / s e c  1 I 3 . 7  x 1010 d / s e c / c u r i e  
c u r i e s .  S i n c e  10-6 curies  i s  a micro- 

w e  have 0.0225 m i c r o c u r i e s .  

26.  The c u r i e  i s  a u n i t  which r e p r e s e n t s  a q u a n t i t y  of r a d i o -  

a c t i v e  material. The c u r i e  does n o t  t e l l  u s  a n y t h i n g  

about  t h e  i o n i z a t i o n  caused by t h e  r a d i a t i o n  emi t ted ,  

nor  does i t  t e l l  us a n y t h i n g  about  t h e  e f f e c t  of t h i s  

r a d i a t i o n  on t h e  human body. 

- - - - - - -  

4.2 The Roentgen 

27. A u n i t  which t e l l s  us  something about  t h e  e f f e c t s  of 

r a d i a t i o n  t h a t  i s  b e i n g  e m i t t e d  from r a d i o a c t i v e  mater- 

i a l  i s  t h e  “ roentgen” .  The roentgen ,  u s u a l l y  a b b r e v i a t e d  

by t h e  l e t t e r  5 i s  a q u a n t i t y  of ( r a d i a t i o n  e f f e c t ,  

r a d i o a c t i v e  mater ia l ) ;  t h e  c u r i e  i s  a q u a n t i t y  of 

( r a d i a t i o n ,  r a d i o a c t i v e  ma te r i a l ) .  
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28. The r o e n t g e n  i s  t h e  q u a n t i t y  of gamma. r a d i a t i o n  which 

w i l l  c a u s e  2.08 x lo9  (2,080,000,000) i o n  p a i r s  t o  be 

r a d i a t i o n  
e f f e c t  

r a d i o a c t i v e  
formed i n  one c u b i c  c e n t i m e t e r  of air. 
t o  remember t h i s  number. 

You d o  n o t  have material 

2 9 .  Thus, t h e  - r i s  a u n i t  which r e p r e s e n t s  t h e  amount of 

i o n i z a t i o n  p e r  c u b i c  c e n t i m e t e r  caused by 

r a d i a t i o n  i n  on ly .  

4 . 3  The Rad 

30. The d e f i n i t i o n  of t h e  r o e n t g e n  p l a c e s  severe l i m i t a t i o n s  

on t h e  i n t e r p r e t a t i o n  of r a d i a t i o n  measurements, s i n c e  

it d e s c r i b e s  only  t h e  amount of i o n i z a t i o n  caused by 

gamma r a d i a t i o n  i n  e. We must use  a n o t h e r  u n i t  t o  

d e s c r i b e  t h e  amount of i o n i z a t i o n  caused by any r a d i a t i o n  

i n  any material .  The i s  t h i s  more g e n e r a l  u n i t  which 

can  be a p p l i e d  t o  a l l  t y p e s  of r a d i a t i o n .  

- - - - - - -  

31 .  One r a d  o f  r a d i a t i o n  w i l l  d e p o s i t  100 of energy  i n  

one gram of t h e  material which i s  b e i n g  i r r a d i a t e d .  So, 

i f  one gram of a i r  r e c e i v e s  500 e r g s  of energy from t h e  

r a d i a t i o n ,  t h e  q u a n t i t y  of r a d i a t i o n  i s  f i v e  

g a m a ,  
a i r  
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- I 

Not ice  w e  used t h e  words "depos i t "  and "energy".  
The "energy depos i t ed"  by r a d i a t i o n  i s  a n  
e x p r e s s i o n  f o r  t h e  "amount of i o n i z a t i o n  caused '  
and b o t h  e x p r e s s i o n s  mean t h e  same t h i n g .  For  
example, you know t h a t  as a charged p a r t i c l e  
p a s s e s  through a i r  i t  creates i o n  p a i r s .  The 
c r e a t i o n  of each  of t h e s e  i o n  p a i r s  r e q u i r e s  
about  5.4 x 1 O " I 1  e r g s .  The r a d i a t i o n  t h e r e -  
f o r e  g i v e s  up t h i s  amount of energy t o  t h e  a i r  
each  t i m e  i t  creates a n  i o n  p a i r ;  i n  o t h e r  
words, i t  d e p o s i t s  i t s  energy  i n  t h e  a i r .  

I Not ice  a l s o  t h a t  w e  are  t a l k i n g  i n  terms o f  
much l a r g e r  u n i t s  of energy  t h a n  b e f o r e .  Where I we were speaking  of s i n g l e  p a r t i c l e s  o r  photons 
having  an  energy  i n  t h e  Mev range,  we are  now 
t a l k i n g  o f  very  many pa r t i c l e s  o r  r a y s  d e p o s i t -  
i n g  e r g s  of energy .  It t a k e s  624,000 Mev t o  
e q u a l  one e r g .  (You are no t  r e q u i r e d  t o  r e m e m -  

- L b e r  t h e s e  numbers.) 

3 2 .  It should  be  reemphasized h e r e  t h a t  t h e  i o n i z a t i o n  pro-  

duced by t h e  r a d i a t i o n  (as a r e s u l t  o f  t h e  energy  t r a n s -  

f e r )  i s  t h e  p r o p e r t y  which i s  a c t u a l l y  measured. The 

amount of i o n i z a t i o n  produced i n  t h e  probe ( d e t e c t i o n  

compartment) of a r a d i a t i o n  d e t e c t i o n  in s t rumen t  i s  t h e n  

expres sed  by t h e  in s t rumen t  meter i n  t h e  u n i t  

r a d  

3 3 .  The r a d i a t i o n  u n i t  which s a t i s f a c t o r i l y  d e s c r i b e s  t h e  r a d  

amount of i o n i z a t i o n  caused by 2 kind  of r a d i a t i o n  

i n  %mater ia l  i s  t h e  
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3 4 .  Although t h e  r a d  i s  a u n i t  which r e p r e s e n t s  a q u a n t i t y  

o f  r a d i a t i o n ,  i t  does  not  t e l l  u s  how much damage r a d i -  

a t i o n  does t o  t h e  human body. To de t e rmine  t h e  damage 

r a d i a t i o n  can  cause  t o  t h e  human body, w e  must know t h e  

- kind  of r a d i a t i o n  (alpha,  b e t a ,  gamma, neutron,  e tc . )  

as w e l l  as t h e  q u a n t i t y .  That  is, w e  cannot  t e l l  what 

e f f e c t  30 o r  40 r a d  w i l l  have on t h e  human body u n t i l  

w e  know t h e  of r ad  i a  t i on. 

rad 

35. We must know t h e  k ind  of r a d i a t i o n  i n  o r d e r  t o  de t e rmine  k ind  o r  t y p e  

t h e  amount of damage t o  t h e  human body because  each  k ind  

of r a d i a t i o n  a f f e c t s  t h e  human body i n  a d i f f e r e n t  way. 

For  example, a gamma photon may s t r i k e  a n  atom, t h u s  

c r e a t i n g  a n  i o n  p a i r  and t h e n  move on th rough  t h e  body. 

However, a f a s t  neu t ron  might s t r i k e  a n  atom, t h u s  cre- 

a t i n g  a n  i o n  p a i r ,  and a t  t h e  same t i m e  become absorbed 

by t h e  s t a b l e  nuc leus- - thus  c o n v e r t i n g  t h e  s t a b l e  nuc leus  

t o  a r a d i o a c t i v e  nuc leus  which i n  t u r n  w i l l  e m i t  r a d i -  

a t i o n  t o  cause  more i o n i z a t i o n .  So i n  t h e  case of t h e  

f a s t  neu t ron  w e  have secondary  damage o c c u r r i n g  because 

of t h e  r a d i o a c t i v e  atom formed. From t h i s  example, i t  

should  be appa ren t  t h a t  one r ad  of f a s t  neu t rons  can  

cause more b i o l o g i c a l  damage t h a n  one r ad  of  gamma r a d i -  

a t i o n .  I n  f a c t ,  one r a d  of f a s t  neu t rons  can  cause  t e n  

times as much damage as one r a d  of 

gamma r a d i a t i o n .  



57 

36 .  One r a d  of slow n e u t r o n s  w i l l  c a u s e  approximate ly  two b i o l o g i c a l  

and one-half  t i m e s  more b i o l o g i c a l  damage t h a n  one r a d  

of gamma r a y s .  F a s t  n e u t r o n s  c a u s e  n e a r l y  f i v e  t i m e s  

as much damage as slow n e u t r o n s  because of t h e  h i g h e r  

energy  of  t h e  r e c o i l  p a r t i c l e s  a f t e r  c o l l i s i o n .  The 

a b i l i t y  of b o t h  slow and f a s t  n e u t r o n s  t o  c a u s e  more 

damage t h a n  gamma r a d i a t i o n  i s  a t t r i b u t e d  t o  secondary 

e f f e c t s .  

4 . 4  The R e l a t i v e  B i o l o g i c a l  E f f e c t i v e n e s s  of R a d i a t i o n  (RBE) 

37. What w e  have s a i d  i s  t h a t  some k i n d s  of r a d i a t i o n  can  

more e f f e c t i v e l y  produce b i o l o g i c a l  damage t h a n  o t h e r s .  

So, by knowing what kind of r a d i a t i o n  i s  p r e s e n t  w e  

have a n  i d e a  of t h e  b i o l o g i c a l  e f fec t  t h a t  r a d i a t i o n  

can  cause .  

o l i g i c a l  e f f e c t i v e n e s s  of r a d i a t i o n  i s  t h e  RBE which i s  

a n  a b b r e v i a t i o n  f o r  R e l a t i v e  

E f f e c t i v e n e s s .  

The t e r m w h i c h  i s  used t o  d e s c r i b e  t h e  - b i -  

- - 
The "relative" i n  t h e  RBE comes from t h e  f a c t  
t h a t  t h e  damage caused by one r a d  of gamma 
r a d i a t i o n  i s  t h e  b a s i s  of comparison. That 
is ,  since one r a d  of slow n e u t r o n s  causes two 
and one-half  times as much b i o l o g i c a l  damage 
as one r a d  of gamma r a d i a t i o n ,  t h e  slow neu- 
t r o n s  are 2 . 5  t i m e s  more b i o l o g i c a l l y  effec- 
t i v e  (damaging) r e l a t i v e  t o  t h e  gamma r a d i a -  
t i o n .  Therefore ,  t h e  RBE of slow n e u t r o n s  i s  
2 . 5 .  N a t u r a l l y ,  t h e  RBE of gamma r a d i a t i o n  
i s  1. - 

B i o l o g i c a l  
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38.  The r e l a t i v e  b i o l o g i c a l  e f f e c t i v e n e s s  (RBE) r e p r e s e n t s  

t h e  a b i l i t y  of e a c h  k ind  of r a d i a t i o n  t o  cause  damage 

t o  human t i s s u e  r e l a t i v e  t o  t h e  same q u a n t i t y  ( i n  r a d )  

of gamma r a d i a t i o n .  S i n c e  t h e  a b i l i t y  of r a d i a t i o n  t o  

c a u s e  b i o l o g i c a l  damage i s  r e l a t e d  t o  t h a t  of t h e  g a m a  

r a d i a t i o n ,  t h e  RBE of gamma r a d i a t i o n  i s  

Table  11-2. RBE F a c t o r s  1 

39 

Kind of R a d i a t i o n  RBE 

Gamma 

Beta P a r t i c l e s  

Thermal Neutrons 

F a s t  Neutrons 

Alpha P a r t i c l e s  

Pro tons  

Deuterons 

1 .0  

1.0 

2 .5  

10.0 

10.0 

10.0 

20.0 

Table  11-2 l i s t s  t h e  RBE f a c t o r  f o r  s e v e r a l  d i f f e r e n t  

k i n d s  of r a d i a t i o n .  The RBE of gamma r a d i a t i o n  i s  

w h i l e  t h e  RBE of a l p h a  p a r t i c l e s  and f a s t  n e u t r o n s  i s  

40. Since  t h e  RBE of f a s t  n e u t r o n s  i s  10, t h i s  means t h a t  

one r a d  of f a s t  n e u t r o n s  w i l l  c a u s e  10 times (more, 

less) b i o l o g i c a l  damage t h a n  one r a d  o f  gamma r a d i a t i o n .  

1, 
10 
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41. To de te rmine  t h e  amount of damage t o  human t i s s u e  caused mor e 

by a s p e c i f i e d  amount of a p a r t i c u l a r  k ind  of r a d i a t i o n ,  

our  f i r s t  s t e p  i s  t o  m u l t i p l y  t h e  q u a n t i t y  o f  r a d i a t i o n ,  

expres sed  i n  rad,  t imes t h e  ; t h i s  s t e p  w i l l  

g i v e  t h e  gamma-radiat ion absorbed dose  which w i l l  pro-  

duce  t h e  same b i o l o g i c a l  damage as the s p e c i f i e d  amount 

of t h e  p a r t i c u l a r  k ind  of r a d i a t i o n .  

4 . 5  The Roentgen Equ iva len t  Man (Rem) 

42. It i s  now t i m e  t o  i n t r o d u c e  you t o  ano the r  u n i t - - t h e  

r o e n t g e n  e q u i v a l e n t  man o r  r e m .  The rem i s  a u n i t  

which r e p r e s e n t s  t h e  amount of absorbed dose  ( rad)  i n  

t i s s u e  which w i l l  r e s u l t  i n  t h e  same b i o l o g i c a l  damage 

as would be produced by a n  e q u a l  number of r e m  of gamma 

r a d i a t i o n .  For example, one r a d  of f a s t  n e u t r o n  r a d i a -  

t i o n  w i l l  c ause  t h e  same b i o l o g i c a l  damage as 10 r e m  

o f  g a m a  r a d i a t i o n  because 1 r a d  m u l t i p l i e d  by t h e  

of f a s t  neut rons ,  which i s  10, i s  e q u a l  t o  10 r e m .  

4 3 .  Therefore ,  t o  de t e rmige  t h e  t i s s u e  dose  i n  rem (which 

w i l l  h e l p  us  de t e rmine  t h e  amount of b i o l o g i c a l  damage) 

w e  must know the q u a n t i t y  of r a d i a t i o n  expres sed  i n  

rad,  ar?d w e  must know t h e  of r a d i a t i o n  so  

t h a t  t h e  proper  f a c t o r - c a n  be  a p p l i e d .  

IC 

Not ice  t h a t  we have no t  s a i d  t h a t  d e t e r m i  
t h e  t o t a l  dose  i n .  r e m  g i v e s  u s  t h e  b i o l o g i c a l  
damage a u t o m a t i c a l l y .  It does  n o t .  We must 
s p e c i f y  t h e  p a r t i c u l a r  t y p e  of t i s s u e  i n ,  which 
t h i s  dose  i s  absorbed .  A p a r t i c u l a r  dose  i n  
r e m  w i l l  cause more b i o l o g i c a l  damage i n  some 
t y p e s  of t i s s u e  t h a n  i n  o t h e r  t y p e s .  

RBE 

RBE 

k ind  o r  type,  
RBE 
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44. 

45.  

46. 

47. 

The r e m  i s  a t i s s u e  dose  u n i t  and i s  e q u a l  t o  t h e  quan- 

t i t y  of r a d i a t i o n  expres sed  i n  m u l t i p l i e d  by  t h e  

- - - - - - -  
One r a d  of g a m a  r a d i a t i o n  ( w i l l ,  w i l l  n o t )  cause  t h e  

same amount of damage t o  human t i s s u e  as one r a d  of 

a l p h a  p a r t i c l e  r a d i a t i o n .  

- - 
Rem cannot  b e  added t o  r a d .  Rad m u l t i p l i e d  
by  t h e  RBE e q u a l s  r e m .  
s e v e r a l  k i n d s  of r a d i a t i o n ,  t h e  t o t a l  t i s s u e  
dose  can  be de te rmined  by  c o n v e r t i n g  each  t o  
r e m  and adding.  For  example, 1 r a d  of g a m a  
p l u s  1 r a d  of a l p h a  p a r t i c l e  r a d i a t i o n  i s  
e q u i v a l e n t  t o  a t i s s u e  dose  i n  r e m  of 

I f  you are exposed t o  

1 (ra.d of gamma) x 1 (RBE of gamma) p l u s  

1 ( rad  of  a lpha )  x 10 (RBE of a lpha )  
which i s  e q u a l  t o  1 r e m  of  gamma p l u s  10 rem 
of a lpha .  So t h e  t o t a l  t i s s u e  dose  from 1 
r a d  of  gamma p l u s  1 r a d  of a l p h a  i s  11 r e m .  - 

--- - - - -  

One r e m  of gamma r a d i a t i o n  ( w i l l ,  w i l l  n o t )  cause  the 

same amount of  damage t o  human t i s s u e  as one r e m  of 

a l p h a  p a r t i c l e  r a d i a t i o n  t o  t h e  same t i s s u e .  

One r e m  of gamma r a d i a t i o n  p l u s  one r a d  of  a l p h a  pa r -  

t i c l e s  (is, i s  n o t )  e q u a l  t o  2 r e m  of t i s s u e  dose .  

rad,  
RBE 

w i l l  no t  

w i l l  
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48. A c t u a l l y ,  f o r  day-to-day o p e r a t i o n ,  a r a d i a t i o n  dose  of i s  not  

one r e m  i s  v e r y  h igh .  However, r a d i a t i o n  doses  of 0 .001 

r e m  are n o t  uncommon. For t h i s  reason ,  a n o t h e r  dose  

u n i t  which i s  u s e f u l  i s  t h e  m r e m  o r  m i l l i r e m  which i s  

e q u i v a l e n t  t o  1/1000 rem (0.001 r e m ) .  

4 9 .  The r a d i a t i o n  u n i t s  r a d  and rem ( o r  mrad and mrem) are 

d o s e  u n i t s .  That i s ,  i f  one r a d  of r a d i a t i o n  i s  be ing  

absorbed each hour, t h e n  t h e  dose  rate i s  one r a d  p e r  

hour  (one r a d / h r ) .  I f  t h e  t i s s u e  d o s e  rate i s  1 m r e m  

p e r  hour (1 mrem/hr) t h e n  i n  one hour, a t o t a l  t i s sue  

d o s e  of w i l l  be  r e c e i v e d .  

50. To i l l u s t r a t e  t h e  d i f f e r e n c e  between dose  (or  t o t a l  dose)  1 m r e m  

and dose  rate, l e t  us  assume you are d r i v i n g  i n  your car 

a t  a speed of 15 mi les  p e r  hour .  I n  one hour, you w i l l  

t r a v e l  15 m i l e s .  I n  two hours  you w i l l  t r a v e l  30 miles .  

I f  you a s s o c i a t e  t h e  dose  rate w i t h  t h e  speed which i s  

15 m i l e s  p e r  hour, t h e n  t h e  t o t a l  dose  ( d i s t a n c e  

t r a v e l e d )  i n  1 hour i s  15 m i l e s .  The car speed (dose 

r a t e )  a f t e r  2 hours  i s  s t i l l  . The 

d i s t a n c e  t r a v e l e d  ( t o t a l  dose)  a f t e r  2 hours  i s  

51. The d i f f e r e n c e  between d o s e  and dose  ra te  should  b e  

c l e a r l y  unders tood .  An i n d i v i d u a l  could be exposed t o  

a l a r g e  d o s e  ra te  b u t  r e c e i v e  o n l y  a small dose  i f  t h e  
m r e m  

exposure t i m e  was s m a l l .  That  is, d o s e  r a t e  ( i n -  
h r  ) 

x t i m e  ( i n  hours )  = ( 1 .  

15 m i l e s  p e r  
hour,  

30 m i l e s  
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52. I f  a man works 8 h r s  i n  a r a d i a t i o n  f i e l d  of 5 mrem/hr, dose  ( i n  

h i s  t o t a l  dose  i s  m r  em.  
m r e m )  

53. I f  a man works 6 min (0 .1  h r )  i n  a r a d i a t i o n  f i e l d  of 40 

400 mremlhr, h i s  t o t a l  dose  i s  

40 mrem 54.  I f ,  i n  an  emergency s i t u a t i o n ,  a man e n t e r s  a 1.2 rem/hr 

(1200 mrem/hr) f i e l d  f o r  only 2 minutes ,  he r e c e i v e s  a 

t o t a l  dose  of 

- - - - - - -  

55.  How long could a man be i n  a 5 rem/hr f i e l d  and no t  

exceed a 100 m r e m  dose?  

56. A man needs t o  c l o s e  a hand va lve  i n  an  area where t h e  

slow neu t ron  r a d i a t i o n  has  been measured a t  4 s a d l h r .  

How long does he have t o  do t h e  j o b  and no t  exceed 

100 m r e m  t o t a l  dose?  

4.6 S e l f  T e s t  

40 m r e m  

1 . 2  min or 
7 2  see 

36 sec 

57.  A c u r i e  i s  a q u a n t i t y  of mat: e r  i a  1 

i n  which 3.7 x l o l o  atoms eve ry  

. (If  you made a n  i n c o r r e c t  response ,  r e p e a t  

Frames 7 through 11.) 
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58. Dpm and d/m are a b b r e v i a t i o n s  f o r  c_ 

. Cpm and c / m  are a b b r e v i a t i o n s  f o r  

. The d i f f e r e n c e  between d/m and 

c / m  i s  t h a t  d/m i s  t h e  ac tua l  number of 

each minute,  whereas c / m  i s  j u s t  t h e  number of 

a c t u a l l y  each minute .  ( I f  you made 

an  i n c o r r e c t  response,  r e p e a t  Frames 12 through 18.) 

5 9 .  The, number which i s  used t o  d i v i d e  c o u n t s  p e r  minute  

(from a n  i n s t r u m e n t )  t o  o b t a i n  d i s i n t e g r a t i o n s  per  min- 

U t e  i s  c a l l e d  t h e  f a c t o r .  

(If  you made a n  i n c o r r e c t  response ,  r e p e a t  Frames 19  

through 24.) 

60.  The r o e n t g e n  (r) i s  a q u a n t i t y  of r a d  i a t  i o n  

which w i l l  cause a c e r t a i n  amount of  i o n i z a t i o n  i n  one 

c u b i c  c e n t i m e t e r  of . ( I f  you made a n  i n c o r -  

rect  response,  r e p e a t  Frames 27  th rough 29.)  

61. The r a d i a t i o n  u n i t  which r e p r e s e n t s  t h e  amount of i o n i -  

z a t i o n  by any r a d i a t i o n  i n  any material i s  t h e  

( I f  you made a n  i n c o r r e c t  response,  r e p e a t  Frames 30 

th rough 3 3 . )  

62. To d e t e r m i n e  t h e  amount of t i s s u e  dose,  w e  must know t h e  

and of r a d i a t i o n .  (If you made 

an  i n c o r r e c t  response ,  r e p e a t  Frames 34 th rough 36.) 

r a d i o a c t i v e ,  
d i s i n t e g r a t e ,  
second 

d i s  i n t e g r a  t. i o n s  
per  minute, 

counts  per  
minut e, 

d i s i n t e g r a t i o n s ,  
d i s i n t e g r a t i o n s ,  
d e t e c t e d  o r  

counted 

o v e r a l l  c o u n t e r  

gamma, 
a i r  

r a d  o r  mrad 
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6 3 .  The RBE i s  a n  a b b r e v i a t i o n  f o r  q u a n t i t y ,  
kind , and i n d i c a t e s  t h e  (damaging, p e n e t r a t i n g )  

a b i l i t y  of r a d i a t i o n  r e l a t i v e  t o  t h a t  of gamma r a d i a t i o n  

i n  t i s s u e .  ( I f  you made a n  i n c o r r e c t  response,  r e p e a t  

Frames 37 and 38.) 

6 4 .  To de termine  t h e  amount o f  t i s s u e  dose  caused by r a d i a -  r e l a t i v e  
b i o l  og i ca l  
e f f e c t i v e n e s s ,  

t i o n ,  w e  m u l t i p l y  t h e  q u a n t i t y  of r a d i a t i o n  i n  

by t h e  t o  o b t a i n  . ( I f  you made damaging 

a n  i n c o r r e c t  response,  r e p e a t  Frames 40 th rough 4 4 . )  

65. R e m  i s  a n  a b b r e v i a t i o n  f o r  mrad, 

m r  e m  
RBE, . ( I f  you made a n  i n c o r r e c t  response,  r e p e a t  

Frame 4 4 . )  

66. One rem of g a m a  r a d i a t i o n  ( w i l l ,  w i l l  n o t )  c a u s e  t h e  

same amount of b i o l o g i c a l  damage t o  t i s s u e  as one rem 

of a l p h a  p a r t i c l e  r a d i a t i o n  t o  t h e  same t i s s u e .  (If  

you made an i n c o r r e c t  response,  r e p e a t  Frames 45 

th rough 4 7 . )  

roentgen  
e q u i v a l e n t  
man 

6 7 .  Usual ly  1/1000 r e m  o r  0.001 r e m  i s  c a l l e d  a w i l l  

(If you made a n  i n c o r r e c t  response,  r e p e a t  Frame 4 8 . )  

68. Rem and r a d  are  (dose, dose  rate) u n i t s .  Rem/hr and 

r a d / h r  are (dose, dose  ra te )  u n i t s .  Dose ra te  x t i m e  

- - . ( I f  you made a n  i n c o r r e c t  response ,  

repeat Frames 49 th rough 51.) 

m i l  1 i r e m  

dose, 
d o s e  rate,  
dose  o r  t o t a l  

d o s e  
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SECTION 11-5 

HEALTH HAZARDS OF RADIATION 

I n  t h i s  s e c t i o n  w e  s h a l l  d i s c u s s  t h e  h e a l t h  h a z a r d s  due 

t o  r a d i a t i o n  and t h e  r a d i a t i o n  d o s e s  (and dose  r a t e s )  a t  

which t h e  h e a l t h  hazard  becomes s i g n i f i c a n t .  

5.1 R a d i a t i o n  Review 

1. The d i s t a n c e  charged p a r t i c l e s  can  p e n e t r a t e  matter 

w h i l e  caus ing  i o n i z a t i o n  i s  c a l l e d  t h e i r  

( S e c t i o n  11-3, Frames 35 through 40 . )  

2.  An a l p h a  p a r t i c l e  h a s  a much ( s h o r t e r ,  l o n g e r )  range  

t h a n  a b e t a  p a r t i c l e  w i t h  t h e  same energy.  ( S e c t i o n  

11-3, Frames 50 through 55.) 

3 .  R a d i a t i o n  i s  e i t h e r  charged o r  uncharged. R a d i a t i o n  

does n o t  have a d e f i n i t e  which i s  

range;  t h e r e f o r e ,  i t  i s  t h e  most p e n e t r a t i n g  t y p e .  

( S e c t i o n  11-3, Frames 55 through 65 . )  

- 

4 .  Uncharged r a d i a t i o n  cannot  be  s h i e l d e d  completely,  b u t  

i t s  i n t e n s i t y  can be reduced.  Two t e n t h - v a l u e  l a y e r s  

w i l l  r educe  t h e  i n t e n s i t y  t o  of i t s  o r i g i n a l  

value. ( S e c t i o n  11-3, Frames 65 through 75.) 

range  

s h o r t e r  

uncharged 
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5. The r a d i a t i o n  u n i t  which r e p r e s e n t s  t h e  amount o f  i o n i -  

z a t i o n  caused by any r a d i a t i o n  i n  any material i s  t h e  

. ( S e c t i o n  11-4, Frames 30 t h rough  35 . )  

6 .  The RBE f a c t o r  r e p r e s e n t s  t h e  damaging a b i l i t y  of r a d i a -  

t i o n  t o  human t i s s u e  and i s  a n  a b b r e v i a t i o n  f o r  

. (Sec t ion  11-4, 

Frames 35 th rough  4 0 . )  

7 .  To h e l p  de t e rmine  t h e  amount of  damage t o  human t i s s u e  

caused by r a d i a t i o n ,  w e  m u l t i p l y  t h e  q u a n t i t y  of r a d i a -  

t i o n  i n  mrads by t h e  t o  o b t a i n  

( S e c t i o n  11-4, Frames 40 th rough 45 . )  

8.  M r e m  and mrad are (dose,  dose  r a t e )  u n i t s .  Mrem/hr and 

mrad/hr  are (dose, dose  r a t e )  u n i t s .  Dose r a t e  x t i m e  = 

. ( S e c t i o n  11-4, Frames 50 through 55.)  

9 .  To de te rmine  a tissue dose  ( i n  m r e m ) ,  you must know t h e  

r a d i a t i o n  i n t e n s i t y  expres sed  i n  mrad/hr,  and you must 

know t h e  k ind  of  r a d i a t i o n  t o  which you are be ing  ex- 

posed s o  t h a t  t h e  p rope r  RBE f a c t o r  can  be  used.  By 

m u l t i p l y i n g  t h e  number of mrad/hr  by t h e  RBE f a c t o r ,  t h e  

t i s s u e  dose  ra te  i n  mrem/hr i s  ob ta ined .  You m u s t  a l s o  

know t h e  l e n g t h  of t i m e  t h e  exposure  w i l l  las t .  What 

has  j u s t  t a k e n  s e v e r a l  words t o  s a y  can  be  r e p r e s e n t e d  

by an  e q u a t i o n .  That  is: 
m r  e m  mrad 

m r e m  = (-) x ( t ime)  = (-) x (RBE) x ( t ime)  
h r  h r  

( S e c t i o n  11-4, Frames 50 th rough 55.) 

or x -  1 1 
10 10 
- 
- o r  1% 

rad  ox mrad 

r e l a t i v e  b i -  
o log  i ca 1 
e f f e c t i v e n e s s  

RBE, 
mxem 

dose,  
dose  ra te  
dose  o r  t o t a l  

dose  
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10. I f  you are working i n  a n  area where t h e  r a d i a t i o n  i n t e n -  

s i t y  i s  2 mrad,’hr of f a s t  n e u t r o n s  (RBE = l o ) ,  t h e n  t h e  

r a d i a t i o n  damage dose  r a t e  i n  mrem/hr i s  2 mrad/hr  x 10 = 

20 mrem/hr. The t i s s u e  dose  r a t e  a f t e r  2 hour s  i s  a 

The t i s s u e  dose  a f t e r  2 hours  i s  
-- 

- ’ If  you d o  no t  want t o  r e c e i v e  more t h a n  a 
s p e c i f i c  amount of t i s s u e  dose  ( m r e m ) ,  t h e n  
you must know t h e  dose  ra te  and from t h i s  
de t e rmine  t h e  l e n g t h  of time f o r  t h a t  dose  
t o  be accumulated.  - - 

11. I f  t h e  t i s s u e  dose  ra te  i s  20 mrem/hr, t h e n  i n  1 hour  

you w i l l  accumulate  20 m r e m  of t i s s u e  dose .  I n  2 hour s  

you w i l l  accumulate  40 m r e m  of t i s s u e  dose .  

n o t  want t o  r e c e i v e  more t h a n  10 m r e m  of  t i s s u e  dose,  

how long may you s t a y  i n  a n  area where t h e  r a d i a t i o n  

t i s s u e  dose  r a t e  i s  20 mrem/hr? ( 5  minutes ,  30 minutes ,  

1 hour ,  2 hours )  

I f  you d o  

5 . 2  P e n e t r a t i o n  E f f e c t s  

12 .  A q u e s t i o n  which may have occurred  t o  you by now is, 

“ W i l l  a n  exposure  t o  r a d i a t i o n  be  harmful?“ To answer 

t h i s  ques t ion ,  w e  must know f o u r  t h i n g s :  

(1) What w a s  t h e  dose  i n  mrad o r  mrem? 

(2) What kind o f  r a d i a t i o n  caused t h e  dose?  

(3) What p a r t s  of  t h e  body r e c e i v e d  t h e  r a d i a t i o n  dose?  

( 4 )  Was t h e  dose  r e c e i v e d  a l l  a t  once, o r  w a s  it 

extended  over a long  pe r iod  of t i m e ?  

20 mrem/hr, 
40 m r e m  

30 minutes  
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13. We have already learned how to determine the tissue dose 

in mrem. 

the to obtain mrem/hr then multiply mrem/hr by 

the to obtain the accumulated tissue dose in 

rem. 

A l l  we have to do is to multiply mradlhr by 

But, we must know the kind of radiation 
caused the dose so that we use the correct c RBE factor. 

RBE, 
time (in hrs) 

14. In order to detect and measure the different kinds of 

radiation, specific types of instruments must be used. 

The proper use of these instruments enables us to deter- 

mine the type of which is present. 

15. Some of the various instruments detect more than one radiation 

type of radiation at the same time. Others are designed 

to detect only one type under almost all conditions, but 

even these instruments will respond to one (or more) 

other types of radiation in extreme conditions. How- 

ever, by proper use of  the various instruments--along 

with small amounts of  shielding t o  block the less pene- 

trating types of radiation--the dose rate in 

caused by the different types of radiation can be 

determined. 
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- 
Although t h e  d e t e r m i n a t i o n  of t h e  t y p e  and 
q u a n t i t y  of r a d i a t i o n  p r e s e n t  i s  normally t h e  
f u n c t i o n  of p e r s o n n e l  s p e c i f i c a l l y  t r a i n e d  f o r  
t h i s  purpose (Heal th  Phys ics  personnel ) ,  t h e s e  
people  may n o t  be immediately a v a i l a b l e  d u r i n g  
emergencies  when immediate a c t i o n  i s  n e c e s s a r y .  
For  t h i s  reason ,  w e  should  become f a m i l i a r  
w i t h  a l l  of t h e  r a d i a t i o n - d e t e c t i o n  i n s t r u -  
ments.  It should  a l s o  b e  emphasized t h a t  when 
t h e r e  i s  any u n c e r t a i n t y  as t o  t h e  t y p e  of 
r a d i a t i o n  p r e s e n t ,  w e  should t e s t  f o r  a l l  
t y p e s .  

16. F i g u r e  11-13 shows t h e  p e n e t r a t i o n  i n t o  t h e  human body 

by gamma (7)  r a d i a t i o n  as compared t o  a l p h a  (a) and 

b e t a  (p) p a r t i c l e  p e n e t r a t i o n .  

1 7 .  From t h i s  f i g u r e  w e  see t h a t  a f t e r  t h e  gamma r a d i a t l o n  

h a s  p e n e t r a t e d  t h e  human body t o  a d e p t h  o f  about  25 i n . ,  

t h e r e  i s  s t i l l  about  % of t h e  gamma r a d i a t i o n  

p r e s e n t .  

r a d / h r  o r  
rem/hr 

18. F i g u r e  11-13 shows t h a t  5 MeV a l p h a  p a r t i c l e s  w i l l  pene- 10 

t r a t e  t h e  body t o  a d e p t h  of  

p a r t i c l e s  t o  a d e p t h  of i n .  

i n . ,  and t h e  b e t a  
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71 

19. The t h i c k n e s s  of t h e  o u t e r  p r o t e c t i v e  l a y e r  of s k i n  i s  

about  0.0016 i n .  Because of t h i s  dense  l a y e r ,  a n  a l p h a  

p a r t i c l e  g e n e r a l l y  does n o t  r e a c h  t h e  s o f t  t i s s u e  below 

i n  which t h e  a l p h a  p a r t i c l e  has  a somewhat longer  range .  

Usually, t h e r e f o r e ,  a s o u r c e  of a l p h a  r a d i a t i o n  w i l l  

p r e s e n t  no  s e r i o u s  hazard  t o  a n  i n d i v i d u a l ' s  h e a l t h ,  

provided t h e  s o u r c e  i s  on t h e  o u t s i d e  of t h e  body. ( I f  

t h e  s o u r c e  i s  v e r y  i n t e n s e ,  s k i n  damage w i l l  occur .  

Also, i f  t h e  energy  of  t h e  a l p h a  p a r t i c l e s  i s  7 .5  M e V  

o r  g r e a t e r ,  t h e  p a r t i c l e  can  p e n e t r a t e  t h e  o u t e r  pro- 

t ec t  i v e  l a y e r .  ) 

The t h i c k n e s s  of t h i s  s h e e t  of paper  i s  
0,002 in . ,  o n l y  s l i g h t l y  t h i c k e r  t h a n  t h e  c o u t e r  l a y e r  of s k i n .  

- - - - - -  

20. Whereas, i n  g e n e r a l ,  a l p h a  p a r t i c l e  

comple te ly  p e n e t r a t e  t h e  p r o t e c t i v e  

r a d i a t i o n  cannot  

l a y e r  of sk in ,  b e t a  

p a r t i c l e  r a d i a t i o n  i s  more p e n e t r a t i n g  and c a p a b l e  of 

producing s e r i o u s  burns  i n  t h e  1,ayers below. 

5.3 E f f e c t s  from I n g e s t e d  Sources  

21.  I n  g e n e r a l ,  a l p h a  p a r t i c l e s  and b e t a  p a r t i c l e s  which 

o r i g i n a t e  o u t s i d e  t h e  body d o  not p e n e t r a t e  d e e p l y  

enough t o  r e a c h  v i t a l  t i s s u e s  and organs.  However, i f  

t h e  s o u r c e  of t h e s e  r a d i a t i o n s  i s  ( i n s i d e ,  o u t s i d e )  t h e  

body, t h e r e  i s  a much g r e a t e r  p r o b a b i l i t y  t h a t  t h e s e  

pa r t i c l e s  w i l l  r e a c h  some v i t a l  t i s s u e  o r  organ. 

0.0016, 
0.86 



22.  A s o u r c e  of r a d i a t i o n  which i s  i n s i d e  t h e  body-- in te rna l  

source--causes  more ( i o n i z a t i o n ,  t i s s u e  damage) t h a n  the. 

i n s i d e  

Another t h i n g  t o  remember i s  t h a t  some t y p e s  of 
t i s s u e  are more s e n s i t i v e  t h a n  o t h e r s .  For 
example, t h e  s k i n  might be r e l a t i v e l y  unharmed 
by a c e r t a i n  dose  (or  amount of  energy  absorbed)  
b u t  t h a t  same d o s e  might c a u s e  s e r i o u s  damage t o  
one of t h e  impor tan t  i n t e r n a l  organs.  However, 
i t  makes no d i f f e r e n c e  what kind of r a d i a t i o n  
d e p o s i t s  energy  i n  a g i v e n  i n t e r n a l  organ.  Any 
g i v e n  t i s s u e  dose  t o  a n  i n t e r n a l  organ ( i n  rem) 
w i l l  r e s u l t  i n  a g i v e n  amount of  t i s s u e  damage 
whether  t h e  r a d i a t i o n  d e p o s i t i n g  t h e  energy  
comes from a n  a l p h a  or b e t a  s o u r c e  i n s i d e  t h e  

l b o d y  or from a gamma s o u r c e  o u t s i d e  t h e  body. 

same s o u r c e  o u t s i d e  t h e  body--ex terna l  s o u r c e .  

- - - - - - -  
_._I 

Even i f  you picked " t i s s u e  damage", t h i s  i s  
probably a good t i m e  f o r  a review.  The answer 
" i o n i z a t i o n "  i s  n o t  c o r r e c t ,  s i n c e  t h e  r a d i a t i o n  
from t h e  s o u r c e  w i l l  cause t h e  same amount o f  r i o n i z a t i o n  no matter where t h e  s o u r c e  i s  loca-  
t e d ;  b u t  i o n i z a t i o n  i n s i d e  t h e  body w i l l  c a u s e  I t i s s u e  damage. If t h e  r a d i a t i o n  does  n o t  reach  
t h e  t i s s u e  (and d e p o s i t  energy  i n  t h e  t i s s u e )  
t h e r e  i s  no dose.  (For example, your  c l o t h i n g  
would probably s h i e l d  you from a l p h a  p a r t i c l e s , )  
---- 

23 .  There are several r e a s o n s  why r a d i a t i o n  from sources i n -  

s i d e  t h e  body cause more t i s s u e  damage t h a n  t h a t  from 

s o u r c e s  o u t s i d e  t h e  body, How many r e a s o n s  can you 

t h i n k  o f ?  ( L i s t  your  reasons- - then  proceed t o  t h e  next  

t i s s u e  damage 

frame.)  

.......... -.- ......____...... .....,___..,___........______---. .,. .......,. _. , 
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24. 

25 .  

26. 

27. 

If t h e  source of r a d i a t i o n  i s  i n s i d e  t h e  body, t h e  i n t e r n a l  

organs  w i l l  n o t  be s h i e l d e d  by t h e  o u t e r  p r o t e c t i v e  l a y e r s  

of s k i n ;  a l s o ,  t h e  i n t e r n a l  organs w i l l  b e  exposed t o  t h e  

damaging r a d i a t i o n  hours  a day, e v e r y  day of t h e  

week. 

Therefore ,  probably t h e  most impor tan t  r e a s o n  why a 

s o u r c e  which i s  not  v e r y  dangerous o u t s i d e  t h e  body can 

be dangerous i n s i d e  t h e  body i s  t h a t  you cannot  walk 

away from it .  

24 

- - - - - - -  

A r a d i a t i o n  s o u r c e  e m i t s  r a d i a t i o n  i n  a l l  d i r e c t i o n s .  

(Remember t h e  geometry f a c t o r  of a d e t e c t i o n  ins t rument  

as d i s c u s s e d  i n  S e c t i o n  11-4, Frames 14 through 2 1 . )  

I f  a r a d i o a c t i v e  s o u r c e  i s  o u t s i d e  t h e  body, you w i l l  

b e  exposed t o  only  a f r a c t i o n  of t h e  r a d i a t i o n  e m i t t e d  

because of t h e  geometry f a c t o r  ( i n  a d d i t i o n  t o  t h e  

reduced t i m e  of exposure) .  I f  t h a t  s o u r c e  of r a d i a t i o n  

g e t s  i n s i d e  t h e  body, you w i l l  t h e n  be exposed to 

of t h e  r a d i a t i o n  e m i t t e d  by t h e  s o u r c e .  

- - - - - - -  
a l l  Another r e a s o n  why w e  should prevent  s o u r c e s  of r a d i o -  

a c t i v e  material (or  r a d i a t i o n )  from g e t t i n g  i n s i d e  t h e  

body i s  t h a t  t h e  s o u r c e s  m y  accumulate  (or  Concent ra te )  

i n  c e r t a i n  t i s s u e s  or  organs .  For example, i f  t h e  r a d i o -  

a c t i v e  material  i s  r a d i o a c t i v e  i o d i n e  (which emits b e t a  

and gamma r a d i a t i o n ) ,  t h e  t h y r o i d  g land  can be damaged 

because i o d i n e  has  a tendency t o  i n  t h e  
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28. Besides i o d i n e  c o n c e n t r a t i o n  i n  t h e  t h y r o i d  gland,  o t h e r  accumulate. or 

examples of r a d i o a c t i v e  material  c o n c e n t r a t i o n  are p lu-  

tonium and s t r o n t i u m  accumula t ion  i n  t h e  bones.  The 

concent . ra te ,  
t h y r o i d  g land  

p o i n t  i s  t h a t  t h e  damaging c a p a b i l i t i e s  of i n t e r n a l  

s o u r c e s  of r a d i a t i o n  are g r e a t e r  because of t h i s  t en-  

dency t o  i n  v a r i o u s  organs.  

29. How d o  t h e s e  s o u r c e s  of r a d i a t i o n  g e t  i n t o  t h e  body? If 

t h e  s o u r c e  of r a d i a t i o n  were i n  t h e  form of t r a n s f e r a b l e  

contaminat ion,  it could e n t e r  your  body when you brea the ,  

eat, o r  d r i n k .  I f  t h e  contaminat ion  were on your hand 

and you were c u t ,  t h e  contaminat ion  could  e n t e r  th rough 

t h e  wound i n t o  your blood stream. 

accumu la t  e o r  
coneen-t ra te  

30. It should  b e  obvious from what h a s  j u s t  been s a i d ,  t h a t  

i f  you work w i t h  material which i s  a source  of t r a n s -  

f e r a b l e  r a d i o a c t i v e  contaminat ion,  you should use  e v e r y  

c o n t r o l  measure a v a i l a b l e  t o  prevent  t h e  spread  of con- 

t a m i n a t i o n .  E f fec t ive  c o n t r o l  of contaminat ion  w i l l  

l i m i t  t h e  p o s s i b i l i t y  of r a d i a t i o n  s o u r c e s  g e t t i n g  

t h e  body. 

E f f e c t i v e  c o n t r o l  of r a d i o a c t i v e  contaminat ion  

such  materials as  w e l l  as t o  t h o s e  people  i n  

p r e s e n c e  of r a d i o a c t i v e  Contamination (and 

should always be e x e r c i s e d  because of t h e  
h e a l t h  hazard  t o  t h o s e  people  working w i t h  

sur rounding  areas who are unaware of t h e  

may not  b e  t a k i n g  p r e c a u t i o n s  a g a i n s t  t h i s  
h e a l t h  h a z a r d ) .  I P 

i n s i d e  or  
i n t o  
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31. Assuming, t h e r e f o r e ,  t h a t  w e  w i l l  t a k e  every  p r e c a u t i o n  

t o  p r e v e n t  r a d i o a c t i v e  material from g e t t i n g  i n s i d e  our  

bodies ,  l e t  u s  c o n t i n u e  our  d i s c u s s i o n  of t h e  damaging 

effects  of  r a d i a t i o n  from s o u r c e s  o u t s i d e  t h e  body. 

5.4 R a d i a t i o n  S e n s i t i v i t y  of Body Organs 

3 2 .  The next  t h i n g  w e  need t o  know t o  h e l p  u s  de te rmine  t h e  

e f f e c t  on our  h e a l t h  caused by e x t e r n a l  r a d i a t i o n  is ,  

"What p a r t s  of t h e  body were exposed t o  t h e  r a d i a t i o n ? "  

We need t o  know t h i s  because some p a r t s  of t h e  body are 

more s e n s i t i v e  t o  r a d i a t i o n  t h a n  o t h e r  p a r t s .  That is, 

some p a r t s  of t h e  body are more e a s i l y  

by r a d i a t i o n  t h a n  o t h e r s  because t h e y  are more s e n s i t i v e  

t o  t h e  r a d i a t i o n .  

- - 
Damage t o  some t i s s u e  may be more s e r i o u s  t h a n  
damage t o  o t h e r  t i s s u e  depending on t h e  impor- 
t a n c e  of t h e  t i s s u e  t o  t h e  h e a l t h  of t h e  body. 
The p o r t i o n s  of t h e  body which are t h e  least  
s e n s i t i v e  t o  r a d i a t i o n  are t h e  muscles and 
fu l l -grown bones.  
are t h e  most e a s i l y  damaged by r a d i a t i o n  are 
t h e  bone marrow, r e p r o d u e t  i v e  organs,  eyes,  
and g a s t r o - i n t e s t i n a l  tract ( l a r g e  d i g e s t i v e  
organs)  e 

The p a r t s  of t h e  body which 

__I 

damaged 

33.  Although t h e  bone i s  one of t h e  least  r a d i a t i o n - s e n s i t i v e  

p a r t s  of t h e  body, t h e  bone marrow i s  one of t h e  

s e n s i t i v e  p a r t s  of t h e  body. 
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3 4 .  The p a r t s  of t h e  body which are of i n t e r m e d i a t e  s ens i -  most o r  more 

t i v i t y  t o  r a d i a t i o n  are t h e  sk in ,  l i v e r ,  and lungs .  So, 

you see when w e  c o n s i d e r  t h e  r a d i a t i o n  damage t o  man, 

w e  must c o n s i d e r  t h e  t o  r a d i a t i o n  

of s p e c i f i c  organs  of t h e  body. 

35. The i n t e s t i n e s ,  bones, and s k i n  e x h i b i t  d i f f e r e n t  s e n s i -  s e n s i t i v i t y  

t i v i t i e s  t o  r a d i a t i o n .  

t h e i r  s e n s i t i v i t y ?  

and s o  on. 

Can you l i s t  t h e s e  accord ing  t o  

L i s t  t h e  most e a s i l y  damaged f i r s t ,  

- - - - - - -  

3 6 ,  If  t h e  e n t i r e  body i s  exposed t o  r a d i a t i o n ,  a l l  organs  i n t e s t i n e s ,  

w i l l  b e  a f f e c t e d .  Therefore ,  more damage w i l l  occur  i f  s k i n ,  
bones 

t h e  (hand, whole body) i s  exposed. 

3 7 .  The exposure  of t h e  e n t i r e  body t o  a l a r g e  p e n e t r a t i n g  

r a d i a t i o n  dose  might be f a t a l ,  s ince  r a d i a t i o n  would be 

absorbed by a l l  p a r t s  of t h e  body and t h u s  a l l  organs  

would b e  a f f e c t e d .  The same d o s e  could be r e c e i v e d  on 

t h e  hand o r  f o o t  and t h e  o v e r a l l  h e a l t h  of t h e  i n d i -  

v i d u a l  might n o t  be s e r i o u s l y  a f f e c t e d ,  a l t h o u g h  a 

l o c a l  i n j u r y  may occur .  

who l e  body 

38. When exposure t o  r a d i a t i o n  i s  necessary ,  i t  i s  wise t o  

p r o t e c t  as much of t h e  body as p o s s i b l e .  



77 

5.5 R a d i a t i o n  Dose Rate 

39.  There i s  a f o u r t h  q u e s t i o n  which must be answered i n  

o r d e r  t o  determine  t h e  e f f e c t  of r a d i a t i o n  on a n  i n d i -  

v i d u a l ' s  h e a l t h .  'Was t h e  r a d i a t i o n  d o s e  r e c e i v e d  a l l  

a t  once, o r  w a s  i c  extended over  a long p e r i o d  of  t i m e ? "  

40. The q u e s t i o n  i s  impor tan t  because a dose  which has  been 

spread  over  many y e a r s  may n o t  produce any n o t i c e a b l e  

e f f e e t . d u e  t o  t h e  damage r a t e  not  exceeding t h e  r e c o v e r y  

ra te .  If  t h a t  same t o t a l  d o s e  were r e c e i v e d  i n  a few 

seconds,  c o n s i d e r a b l e  harm would r e s u l t .  There are many 

t h i n g s  f o r  which t h i s  t y p e  of t i m e  r e l a t i o n s h i p  i s  t r u e .  

For  example, a q u a r t  of wine may be s ipped  on f o r  a 

long p e r i o d  of t i m e  w i t h o u t  any n o t i c e a b l e  e f f e c t s ,  b u t  

can  you imagine t h e  e f f e c t  i f  y o a w e r e  t o  d r i n k  t h a t  

q u a r t  i n  less t h a n  5 minutes?  So, a l t h o u g h  t h e  dose i s  

impor tan t ,  t h e  l e n g t h  of f o r  t h e  dose  t o  be 

accumulated must be cons idered .  

41. We should  now have some i d e a  of t h e  t h i n g s  which w e  

must know i n  o r d e r  t o  e v a l u a t e  t h e  "harmfulness" of 

r a d i a t i o n .  These t h i n g s  are t h e  dose  rate,  measured 

i n  , t h e  exposure t i m e ,  t h e  k i n d s  of r a d i a t i o n ,  

and t h e  p o r t i o n s  of t h e  body exposed t o  t h e  r a d i a t i o n .  

t i m e  
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42. S i n c e  we have c o n s i d e r e d  t h e  f a c t o r s  which i n f l u e n c e  t h e  

damage caused by r a d i a t i o n ,  l e t  us  now c o n s i d e r  some 

q u a n t i t i e s  of r a d i a t i o n  which w e  might r e c e i v e .  For 

r a d / h r  o r  
rem/ h r  

example, man has  always been exposed t o  r a d i a t i o n  from 

cosmic r a y s ;  r a d i a t i o n  from n a t u r a l l y  r a d i o a c t i v e  mater- 

i a l  found i n  t h e  s o i l ,  a i r ,  and water; and r a d i a t i o n  from 

n a t u r a l  r a d i o a c t i v e  i s o t o p e s  which are p r e s e n t  i n s i d e  t h e  

body, such as carbon-14 and potassium-40. These s o u r c e s  

of r a d i a t i o n  are r e f e r r e d  t o  as envi ronmenta l  s o u r c e s  of  

r a d i a t i o n .  Table  11-3, which fo l lows ,  l i s t s  t h e  average  

d o s e  which a n  i n d i v i d u a l  might r e c e i v e  from t h e s e  e n v i r -  

onmental s o u r c e s  i n  a p e r i o d  of one y e a r .  

Table  11-3. Average Dose of R a d i a t i o n  t o  S o f t  T i s s u e s  and Gonads 
from Environment Sources  * 

R a d i a t i o n  Sources  Dose Per  Year (Rem) 

N a t u r a l  Background 

E x t e r n a l  r a d i a t i o n  

Cosmic r a y s  0.028 
Local  gamma r a y s  0.047 
Radon i n  a i r  0.001 

I n t e r n a l  r a d i a t i o n  

Potassium-40 0,019 
Carbon- 14 0.001 

0 002 Radon and d i s i n t e g r a t i o n  p r o d u c t s  

0.098 S u b t o t a l  
I 

Man-Made C o n t r i b u t i o n s  

Medical r a d i o l o g y  0.  LOO 
S h o e - f i t t i n g  f l u o r o s c o p i c  machines 0 0 001 
Luminous watch and c l o c k  d i a l s  0.001 
Occupat iona l  exposure 0 * 002 
T e l e v i s i o n  se t s  0,001 
F a l l o u t  from weapons t e s t s  0.001 

S u b t o t a l  0.106 

T o t a l  0.204 

* 
From Report  of t h e  United Nat ions  S c i e n t i f i c  Committee on t h e  E f f e c t s  

of Atomic R a d i a t i o n  (1958) and Medical Research C o u n c i l  r e p o r t  on "Hazards 
t o  Man of N u c l e a r  and A l l i e d  R a d i a t i o n "  ( 1 9 5 6 ) ,  
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4 3 .  

44 0 

45. 

46 

A s  you can see from Table  11-3, t h e  ave rage  dose  i n  one 

y e a r  t o  a n  i n d i v i d u a l  from envi ronmenta l  s o u r c e s  i s  

rem o r  m i  11 irem . 
- - - - - - -  

Note tha t  t h e  man-made c o n t r i b u t i o n  t o  t h e  ex- 
posure  dose  i s  about  t h e  same as t h a t  from 
n a t u r a l  background s o u r c e s .  Some r e f e r e n c e s  
i n d i c a t e  t h a t  t h e  s o f t  X-rays e m i t t e d  from TV L sets  are about  1 mrad/hr a t  one f o o t .  7 

- - - - - - -  

The 204-mi l l i rem dose  r e c e i v e d  by t h e  ave rage  i n d i v i d u a l  

from envi ronmenta l  sou rces  i n  one y e a r  i s  e q u i v a l e n t  t o  

a d a i l y  dose  of about  m i  1 l i r e m .  

- - - - - - -  
The v a l u e s  f o r  th ,e  y e a r l y  dose  and d a i l y  dose  from e n v i r -  

onmental  sou rces  should  be remembered, s i n c e  t h e s e  

v a l u e s  may b e  used as a b a s i s  of  comparison when and i f  

l a r g e r  d o s e s  o r  dose  ra tes  are encountered .  The y e a r l y  

envi ronmenta l  r a d i a t i o n  d o s e  i s  mrem.  The d a i l y  

dose  i s  about  m r e m .  

- - - - - - -  
It appea r s  t h a t  t h e  human body can w i t h s t a n d  t h e  e f f e c t  

of s m a l l ,  b u t  cont inuous ,  doses  of r a d i a t i o n  because  t he  

body can r e p a i r  t h e  damage a t  a ra te  fas te r  t h a n  the 

damage occur s  a However, f r e q u e n t  ( f o r  example, d a i l y )  

exposures  t o  r a d i a t i o n  doses  several thousand t imes t h a t  

from n a t u r a l  s o u r c e s  may r e s u l t  i n  s e r i o u s  i n j u r y  i f  

con t inued  f o r  a long  pe r iod  of  t i m e .  

0.204, 
204 

1 / 2  o r  0.5 
204 mrem/yr 
365 days /y r ,  

204, 
0.5 
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47. Frequent  overexposure of t h e  body t o  r a d i a t i o n  r e s u l t  

i n  such t h i n g s  as i n t e r f e r e n c e  w i t h  t h e  blood c i r c u l a -  

t i o n ,  mal ignant  tumors, c a t a r a c t s ,  scar format ion ,  s h o r t -  

en ing  of t h e  l i f e  span, etc.  Obviously,  

of t h e  body t o  r a d i a t i o n  i s  something which should be 

avoided .  

4 8 .  The q u e s t i o n  now becomes, W h a t  i s  t h e  r a d i a t i o n  dose  overexposure 

which i s  cons ide red  t o  be a n  overexposure?" 

49. Table  11-4 shows t h a t  dose  which may be accumulated over  

a long pe r iod  of t i m e  w i thou t  any s i g n i f i c a n t  e f f e c t  

o c c u r r i n g .  

f o r e  be cons idered  an  "overexposure".  

Any dose  g r e a t e r  t han  t h o s e  l i s t e d  may t h e r e -  

Table  11-4. Personnel  Exposure L i m i t s  ( i n  rem) 

Recommended Maximum Permiss ib l e  Dose ( r e m )  

Weekly Dose (13 weeks) N = p r e s e n t  age  
Organ Maximum Q u a r t e r l y  Annual Accumulated Dose 

T o t a l  body, head and 
t runk ,  eye  lens,  
gonads , b 1 ood - forming 
organs 0 . 1  3 12 5 (N- 18) 

t h y r o i d  0 . 6  10 30 30 (N-18)  
Sk in  of whole body, 

Hands, forearms,  f e e t ,  

a n k l e s  1.5 25 75 7 5 (N- 18) 
Bone 30 

4n* 
- 30 

n 
- 30 -(N- 18) n 

Other  body organs 5 15 15 (N- 18) 

>k 
Appl i e s  t o  i n t e r n a l  exposure;  n i s  one (1) f o r  r a d i a t i o n  from radium 

i s o t o p e s  and f o r  gamma r a d i a t i o n ;  o therwise ,  it i s  e q u a l  t o  f i v e  (5). 
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d o s e  g r e a t e r  t h a n  t h i s  amount might b e  con- 
s i d e r e d  an overexposure i f  h e  h a s  been eon- 
t i n u o u s l y  exposed t o  t h e  recommended maximum 
weekly d o s e  over  a long p e r i o d  of time. The 
amount he r e c e i v e d  which was i n  excess of t h i s  
recommended maximum weekly d o s e  would have t o  
be t a k e n  i n t o  account  also. 

I__ - 

50. The d o s e  which i s  recommended as t h e  maximum a l l o w a b l e  

weekly d o s e  f o r  t h e  t o t a l  body o r  t h e  most s e n s i t i v e  

body organ  i s  r e m  or  m i l  1 irem. 

51. Note t h a t  t h e  recommended maximum a l l o w a b l e  dose  of 0.1, 

100 m r e m  f o r  a 5-day work week i s  e q u i v a l e n t  t o  20 m r e m  
100 

p e r  day.  T h i s  i s  approximate ly  times t h e  dose  

which i s  r e c e i v e d  from envi ronmenta l  s o u r c e s  e v e r y  day.  

(You may w i s h  t o  refer t o  Frame 45 . )  

52. I f  a person  i s  exposed t o  a whole body r a d i a t i o n  d o s e  

g r e a t e r  t h a n  100 m i l l i r e m  i n  one week, he h a s  exceeded 

40 

t h e  recommended weekly r a d i a t i o n  exposure .  

53. I f  you r e c e i v e  a n  exposure of 150 m i l l i r e m  i n  one week, 

does t h i s  mean t h a t  your blood w i l l  s t o p  c i r c u l a t i n g  or  

scars w i l l  s tar t  t o  form? No, your  blood w i l l  n o t  s t o p  

c i r c u l a t i n g  and no scars w i l l  form, even though you 

have r e c e i v e d  a dose  which exceeds t h e  recommended 

weekly dose  by m i  1 1 i r e m  I 
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es t ima ted  t h a t  as much as 500 m i l l i -  
r e m  pe r  day could  be  r e c e i v e d  for many months 
wi thou t  any d e c r e a s e  i n  a n  i n d i v i d u a l ' s  e f f i -  
c i e n c y  and wi thou t  any l a r g e  scale drop  i n  l i f e  
span.  I n  o t h e r  words, no n o t i c e a b l e  e f f e c t s  I 50 

54. According t o  Table  11-4, t h e  l i m i t  f o r  t h e  accumulated 

dose  i n  one yea r  ( a f t e r  t h e  age of 18) should not  exceed 

t o  t h e  t o t a l  body o r  t h e  most s e n s i t i v e  body 

organs .  

55. Th i s  means t h a t  t h e  average  r a t e  of accumula t ion  should 5 r e m  

not  exceed 5 r e m  pe r  year ,  and t h e  l i m i t  f o r  any s i n g l e  

yea r  i s  12 r e m .  For example, a person  29 y e a r s  of age 

may have r ece ived  a n  exposure  dose of 10 rem t h e  p r e -  

ced ing  year ,  which we w i l l  assume gave him a t o t a l  accu- 

mulated exposure dose of 60 rem. S ince  t h e  recommended 

l i m i t  f o r  dose  accumula t ion  i s  5 r e m  p e r  year ,  t h i s  

i n d i v i d u a l  should not  be al lowed any a d d i t i o n a l  exposure 

u n t i l  he becomes 30 yea r s  of age because t h e  recommended 

l i m i t  i s  5(N-18) o r  5(30-18), which i s  5(12)  o r  60 rem. 

56. However, i f  h i s  t o t a l  accumulated exposure dose  were 

on ly  55 r e m ,  he i s  w i t h i n  t h e  recommended l i m i t .  A 32- 

y e a r  o ld  worker  w i t h  no p rev ious  on-the- job exposure 

might r e c e i v e  over  5 r e m  i n  one y e a r  and s t i l l  be w e l l  

w i t h i n  t h e  5(N-18) requirement  as long as he r e c e i v e s  

less t h a n  i n  one s i n g l e  y e a r .  
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_I 
- 

A s  w e  have j u s t  seen, a per son  who receives 
a n  exposure  of  100 mrern p e r  week w i l l  au to -  
m a t i c a l l y  r e c e i v e  h i s  y e a r l y  l i m i t ;  t h e r e f o r e ,  
he would have no reserve f o r  nonrou t ine  s i t u -  

o p e r a t i n g  groups  whose work r e q u i r e s  t h a t  per -  

t h e s e  pe r sonne l  could  e a s i l y  accumula te  100 
m r e m  per week u n l e s s  s p e c i a l  e f f o r t s  are made. 
Therefore ,  i t  i s  t h e  ORNL Reac to r  Opera t ions  
Department p o l i c y  t o  l i m i t  t h e  weekly expo- 
s u r e  for depa r tmen ta l  pe r sonne l  t o  50 m r e m /  
wk. (It i s  i n t e r e s t i n g  t o  n o t e  t h a t  t h e  aver- 
age  exposure  t o  o p e r a t o r s  i n  t h e  Reac to r  
Opera t ions  Department f o r  t h e  year 1961 was 
1.05 rem o r  about  20 m i l l i r e m  p e r  week.) 

~ a t i o n s .  

' sonne l  be  r o u t i n e l y  exposed t o  radiation; 

T h i s  can be a s e r i o u s  hand icap  t o  

_I_ 
- 

57. If  he  h a s  been working w i t h  r a d i a t i o n  and h i s  p rev ious  

exposure  i s  unknown, it must be  assumed t h a t  h e  h a s  

r e c e i v e d  t h e  f u l l  amount pe rmi t t ed  by t h e  formula f o r  

p rev ious  y e a r s .  

58. The 100 m r e m  dose  p e r  week i s  recommended as t h e  weekly 

dose l i m i t  because,  a t  t h i s  rate, i n  50 weeks (2 weeks 

v a c a t i o n )  a n  i n d i v i d u a l  w i l l  no t  exceed t h e  recommended 

average annua l  exposure  dose  of  r e m .  

5 

12 rem 

59. Occas iona l ly ,  l a r g e  overexposures  occur  as a r e s u l t  of  

i n c i d e n t s  o r  emergencies .  The p robab le  r e s u l t s  o f  such 

overexposures  are summarized i n  Tab les  11-5 and 11-6. 
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Table  11-5. Resu l t s  of Large Accumulated Overexposures' 

---- 
Dose Rate in Exposure Time Probable  E f f e c t s  R e m  Per  Day 

500 2 days  About 100% d e a t h s  

100 Deaths b e g i n  a f t e r  about  15 days 

60 10 days  Some d e a t h s ,  c r i p p l i n g  d i s a b i l i t i e s  

10 365 days Some d e a t h s  

3 Few, months No drop  i n  e f f i c i e n c y  

0.5 Several months No l a r g e - s c a l e  d r o p  i n  l i f e  span  

60. 

61. 

62 I 

* 
R a d i o l o g i c a l  H e a l t h  Handbook, 1960 Revis ion ,  p. 183. 

- - - - - - -  

Table  11-5 shows t h a t  some d e a t h s  can  be expec ted  i f  

t h e  d o s e  r a t e  i s  10 rem/day f o r  365 days ;  t h i s  r e s u l t s  

i n  a t o t a l  d o s e  of rem. It a l s o  shows t h a t  100% 

d e a t h s  can be expec ted  i f  t h e  dose ra te  i s  500 rem/day 

for 2 days ;  t h i s  r e s u l t s  i n  t o t a l  dose o f  rem. 

The f a c t  t h a t  100% d e a t h s  occur  w i t h  a dose  of 1000 r e m  3650, 
1000 

r e c e i v e d  i n  2 days,  whereas only  some d e a t h s  occur  w i t h  

a l a r g e r  t o t a l  d o s e  of 3650 rem r e c e i v e d  i n  365 days 

i l l u s t r a t e s  t h a t ,  w h i l e  t h e  t o t a l  dose  i s  important ,  so  

a l s o  i s  t h e  

d o s e  r a t e  or  It a p p e a r s  t h a t  t h e  human body can r e p a i r  some t y p e s  of 

r a d i a t i o n  damage. Judging from Table  11-5, i f  t h e  dose  

ra te  i s  not  t o o  large, t h e  body may be a b l e  to repa i r  

t h e  damage a t  about  t h e  same ra te  it oeeurs .  

exposure t i m e  
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63. When t h e  r a d i a t i o n  damage r a t e  exceeds t h e  body 

rate, t h e  damage ra te  i s  excessive. 

n o t i c e a b l e  and u n d e s i r a b l e  e f f e e t s  occur .  

I n  t h i s  ease, 

64.  R a d i a t i o n  damage t o  t h e  s k i n  o r  bone marrow from a low- 

l e v e l  exposure  i s  r e p a i r a b l e  t o  some extent.  

damage t o  t h e  b r a i n  o r  k idneys  a p p e a r s  n o t  t o  be r e p a i r -  

a b l e ;  t h i s  t y p e  o f  damage accumulates  (or i s  s a i d  t o  b e  

"cumulative").  Examples of n o n r e p a i r a b l e  i n j u r i e s  ( p e r -  

manent) are s h o r t e n i n g  of t h e  l i f e  span, g e n e t i c  e f f e c t s ,  

o r  scar format ion .  

r e p a i r  

However, 

65.  While Table  11-5 shows t h e  r e s u l t s  of l a r g e  doses  accu- 

mulated over  a p e r i o d  of t i m e ,  Table  11-6 shows t h e  

r e s u l t s  of l a r g e  overexposures  which occur  i n  a rela- 

t i v e l y  s h o r t  t i m e  ( a  p e r i o d  of hours  o r  l e s s ) .  Note 

t h a t  f o r  a "one-shot" dose  of 200 t o  400 rem, t h e  p e r -  

c e n t a g e  of d e a t h s  i s  

- - - - - - -  
Table  11-6 e R e s u l t s  of Large "One-shot" (Acute) Exposures* 

Dose i n  Rem Probable  E f f e c t s  
._ ~~~ 

0 - 50 Almost u n d e t e c t a b l e .  

50 * 100 Temporary minor blood changes, p o s s i b l e  nausea.  

100 - 200 Vomiting, complete  recovery  i n  a f e w  weeks. 

200 - 400 Vomitin.g, l o s s  of h a i r ,  s m a l l  p e r c e n t a g e  of d e a t h s ,  s u r -  
v i v o r s  r e c o v e r  i n  a few months. 

400 - 500 Vomiting and nausea i n  a l l  p e r s o n n e l  on f i r s t  day, 50% 
ehanee of s u r v i v a l ,  s u r v i v o r s  r e c o v e r  i n  about  6 months. 

1000 No r e c o v e r y  ( d e a t h ) .  

~ - ~- 
% 

See a l s o  t a b l e s  on pages 182-3 i n  R a d i o l o g i c a l  H e a l t h  Handbook (1960 
E d i t i o n ) ,  and on pages re-14 and Pa-15 i n  R a d i a t i o n  S a f e t y  and C o n t r o l  Pocket 
Manual (June 1, 1961) 
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66. According t o  Table  11-6, a "one-shot"  dose  of 400 t o  500 s m a  11 

r e m  g i v e s  t h e  chances  of s u r v i v a l  as %, w h i l e  a 

dose  of 1000 r e m  r e s u l t s  i n  X d e a t h s .  

400 - 500 r e m  dose i s  commonly 
"Median L e t h a l  Dose" o r  1'LD5011. 

67. For a s i n g l e  exposure  dose  of up t o  25 rem, we c a n  expec t  

t h e  e f f e c t s  t o  b e  almost 

68. No o f f i c i a l  maximum exposures  have been set f o r  r e s c u e  

teams o r  any o t h e r  d e l i b e r a t e l y  exposed pe r sons  f o r  

"extreme emergencies" .  However, some groups  have sug- 

g e s t e d  t h a t  25 r e m  might be  t a k e n  d u r i n g  a n  extreme 

emergency, s i n c e  t h e  r e s u l t s  of a s ing le -exposure  dose  

of 25 r e m  i s  a lmost  u n d e t e c t a b l e .  

would i n c l u d e  such t h i n g s  as a n a t i o n a l  emergency, a n  

act of l i f e  sav ing ,  o r  a s i t u a t i o n  where exposure  i s  

r e q u i r e d  t o  p reven t  t h e  r e l e a s e  of l a r g e  q u a n t i t i e s  of 

r a d i o a c t i v e  material which could  endanger  r h e  h e a l t h  of 

p e r s o n n e l  i n  su r round ing  a r e a s  or t h e  p o p u l a t i o n  a t  

l a r g e .  ) 

(An extreme emergency 

50, 
100 

u n d e t e c t a b l e  
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ql_ 

recognized  t h a t  some s e l f - s a c r i f i c e  may 
b e  d e s i r e d  o r  n e c e s s a r y  i n  extreme emergencies  
such as t h o s e  d e s c r i b e d ,  b u t  t h i s  i s  a matter 
of p e r s o n a l  d e c i s i o n .  (It i s  a matter of per -  
s o n a l  d e c i s i o n  whether  t o  v o l u n t e e r  t o  t a k e  
t h e  n e c e s s a r y  dose,  bu t  i t  i s  n o t  n e c e s s a r i l y  
a matter  of  p e r s o n a l  d e c i s i o n  whether  a n  ex- 
treme emergency does  e x i s t . )  I n  such cases, 
t h o s e  persons  t o  b e  exposed should  b e  made 
f u l l y  aware of t h e  p o s s i b l e  consequences be- 
f o r e  t h e i r  s e l f - s a c r i f i c i a l  exposure .  That 
i s  why you are b e i n g  g i v e n  t h i s  i n f o r m a t i o n  
now, w h i l e  you have t i m e  t o  t h i n k .  

_p--  

- 

69. I n  a n  extreme emergency, a d o s e  which might be t a k e n  

w i t h  almost  Undetec tab le  r e s u l t s  i s  rem. 

70.  Although Table  11-6 i n d i c a t e s  t h a t  t h e  r e s u l t s  of 25 

r e m  are almost  , it  i s  recommended t h a t  

a d o s e  t h i s  l a r g e  b e  r e c e i v e d  o n l y  once i n  a l i f e t ime .  

71. After a person  has  been exposed t o  such a dose,  an 

a t t e m p t  should  be made t o  l i m i t  h i s  f u t u r e  exposure so 

a s  t o  reduce  h i s  accumulated t o t a l  exposure  (as soon as 

p r a c t i c a l )  t o  t h e  recommended l i m i t  f o r  h i s  age  as 

determined by t h e  e q u a t i o n :  t o t a l  dose  = 

25 

u n d e t e c t a b l e  

72. Even though a 25-rem dose  might be t a k e n  (once i n  a l i fe -  

t ime)  w i t h  almost u n d e t e c t a b l e  r e s u l t s ,  your  exposure 

dose  should  always b e  k e p t  a t  a minimum. 

5(N-18) 
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5.6 S e l f  Test 

73 .  

74.  

75. 

76. 

7 7 .  

An i n d i v i d u a l  who i s  working i n  a gamma-radiation f i e l d  

where t h e  i n t e n s i t y  i s  10 r a d / h r  w i l l  receive a t i s s u e  

dose of 25 r e m  i n  

rect  response,  r e p e a t  Frames 10 and 11.) 

hours .  (If  you made a n  i n c o r -  

- - - - - - -  
The k ind  of r a d i a t i o n  a n  i n d i v i d u a l  i s  exposed t o  must 

be known i n  o r d e r  t o  de t e rmine  t h e  p e n e t r a t i n g  a b i l i t y  

and t h e  f a c t o r .  The c h a r a c t e r i s t i c s  of t h e  

r a d i a t i o n  de te rmine  t h e  t y p e  of  

which must be used t o  d e t e c t  i t .  

r ec t  response ,  r e p e a t  Frames 13 th rough  16.)  

( I f  you made an i n c o r -  

- - - - - - -  

Which r a d i a t i o n  (gamma, a l p h a )  p e n e t r a t e s  t h e  body ' s  

o u t e r  p r o t e c t i v e  l a y e r  of s k i n ?  Which r a d i a t i o n  (alpha,  

b e t a )  i s  more p e n e t r a t i n g  and capab le  of producing se r i -  

ous burns?  

Frames 17 th rough  20.)  

(If you made a n  i n c o r r e c t  response ,  r e p e a t  

- - - - - - -  

A s o u r c e  of r a d i a t i o n  which i s  i n s i d e  the body causes  

more ( i o n i z a t i o n ,  t i s s u e  damage) t h a n  t h e  same s o u r c e  

o u t s i d e  t h e  body. 

r e p e a t  Frames 2 1  through 2 3 . )  

(If you made a n  i n c o r r e c t  response ,  

If r a d i o a c t i v e  material  g e t s  i n s i d e  t h e  body, r a d i a t i o n  

exposure  w i l l  l a s t  f o r  (8, 24) hours  a day.  ( I f  you 

m a d e  a n  i n c o r r e c t  response ,  r e p e a t  Frames 24 and 25.) 

2 .5  o r  t w o  
and one- 
h a l f  

RBE, 
i n s t rumen t  

gamma, 
b e t a  

t i s s u e  
damage 
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78. If a r a d i a t i o n  s o u r c e  i s  o u t s i d e  t h e  body, you w i l l  be 

exposed t o  only  a f r a c t i o n  of t h e  t o t a l  r a d i a t i o n  emit- 

t e d  by t h a t  s o u r c e  because of t h e  geometry f a c t o r  ( i n  

a d d i t i o n  t o  t h e  reduced t i m e  of exposure) .  

a t i o n  s o u r c e  g e t s  i n s i d e  t h e  body, you w i l l  b e  exposed 

to % of t h e  r a d i a t i o n  e m i t t e d  by t h e  source .  ( I f  

you made a n  i n c o r r e c t  response,  r e p e a t  Frame 26 . )  

I f  t h e  r a d i -  

24 

100 7 9 .  An i n t e r n a l  s o u r c e  of r a d i o a c t i v e  i o d i n e  i s  v e r y  hazard-  

ous because i o d i n e  has  a tendency t o  

i n  t h e  t h y r o i d  g land .  

r e p e a t  Frames 27 and 28 . )  

( I f  you made a n  i n c o r r e c t  response,  

80. Can you t h i n k  of t h r e e  ways by which s o u r c e s  of r a d i a -  accumulate  o r  
c o n c e n t r a t e  

I t i o n  may g e t  into t h e  body? 

, and 

(If you made a n  i n c o r r e c t  response,  r e p e a t  Frame 29 . )  

81. The q u a n t i t y  of r a d i o a c t i v e  material  g e t t i n g  i n s i d e  t h e  b r e a t h i n g ,  

body can and must be l i m i t e d  by u s i n g  e f f e c t i v e  

measures .  (If you made a n  i n c o r r e c t  response,  r e p e a t  wound 

e a t i n g ,  
d r i n k i n g ,  

Frames 30 and 3 1 . )  



82 .  

8 3 .  

84 .  

8 5 .  

8 6 .  

90 

Some p a r t s  of t h e  body are more s e n s i t i v e  t o  r a d i a t i o n  

t h a n  o t h e r s ;  t h a t  is, t h e y  are more e a s i l y  

by r a d i a t i o n .  

t h e  o r d e r  of s e n s i t i v i t y .  

be l i s t e d  f i r s t .  

c o n t r o l  

L i s t  t h e  i n t e s t i n e s ,  bones, and s k i n  i n  

The most e a s i l y  damaged should 

> , and 

. (If you made a n  i n c o r r e c t  response,  

r e p e a t  Frames 31 through 35.) 

- - - - - - -  

The o v e r a l l  h e a l t h  of a n  i n d i v i d u a l  w i l l  be  a f f e c t e d  damaged, 
i n t e s t i n e s ,  more i f  a r a d i a t i o n  exposure i s  t o  t h e  (arm,  whole 
sk in ,  

body). ( I f  you made a n  i n c o r r e c t  response,  r e p e a t  bones 

Frames 36 th rough 3 8 . )  

- - - - - - -  

The effect  of r a d i a t i o n  on an i n d i v i d u a l ' s  h e a l t h  de- 

pends on t h e  dose,  t h e  

whole body 

,, t h e  

of r a d i a t i o n ,  and t h e  of 

t h e  body exposed.  (If  you made a n  i n c o r r e c t  response,  

r e p e a t  Frames 39 th rough 41.)  

----I- 

The average  dose  from envi ronmenta l  

which a person  r e c e i v e s  i n  one y e a r  

m i l l i r e m .  T h i s  i s  e q u i v a l e n t  t o  a n  

s o u r c e s  of r a d i a t i o n  exposure t i m e ,  

i s  about  

average  d a i l y  d o s e  p o r t  i o n s  

k ind  o r  type,  
p a r t s  o r  

of about  m i l l i r e m .  (If you made a n  i n c o r r e c t  

response ,  r e p e a t  Frames 42 th rough 45 . )  

204, 
one- ha 1 f 

A l a r g e  overexposure i s  n o t  d e s i r a b l e  because  i t  may 

t h e  l i f e  span. (If  you made a n  i n c o r -  

rect  response,  repeat Frames 46 and 47 . )  



9 1  

87. The recommended maximum weekly dose  t o  t h e  most s e n s i -  

t i v e  body organs  f o r  t h e  Labora tory  i s  m i l l i -  

r e m .  For  t h e  Reac tor  Opera t ions  Department, t h i s  recom- 

mended l i m i t  ha s  been lowered t o  m i l l i r e m .  ( I f  

you made a n  i n c o r r e c t  response ,  r e p e a t  Frames 48 th rough 

58.) 

d e c r e a s e  

100, 88. If you r e c e i v e  a n  exposure  i n  one week of 500 mrem,  does  

t h i s  mean a sear may form? (Yes, No) (If you made a n  50 

i n c o r r e c t  response ,  r e p e a t  Frame 53.) 

- - - - - - -  

No 8 9 .  The ave rage  r a t e  of  accumula t ion  of absorbed  dose  t o  

t h e  t o t a l  body should  n o t  exceed 

a l though  t h e  l imi t :  f o r  any  s i n g l e  y e a r  i s  

(If you made a n  i n c o r r e c t  response ,  r e p e a t  Frames 54 
th rough 58.) 

rem pe r  year ,  

rem. 

5, 90.  If  s e v e r a l  people  are  exposed t o  a r a d i a t i o n  dose  ra te  

of 10 rem/day, a f t e r  365 days  some d e a t h s  can  be expec ted .  12 

However, a f te r  2 days  a t  500 rem/day, % d e a t h s  can  

be  expec ted .  ( I f  you made an i n c o r r e c t  response ,  r e p e a t  

Frames 54 and 61.) 

100 91.  R a d i a t i o n  damage i s  not  cumula t ive  i f  t h e  body can  

t h i s  damage. R a d i a t i o n  damage t o  t h e  s k i n  

o r  bone marrow from a low- leve l  exposure  i s  

t o  some e x t e n t .  

repeat Frames 62 th rough  6 4 . )  

(If you made an i n c o r r e c t  response ,  
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92. For a “one-shot”  d o s e  of 200 t o  400 r e m ,  t h e  p e r c e n t a g e  

of d e a t h s  is . For a one-shot dose  of 400 t o  

500 rem, t h e  chances of s u r v i v a l  are SO%, w h i l e  a one- 

s h o t  dose  of 1000 r e m  would r e s u l t  i n  % d e a t h s .  

(If you made a n  i n c o r r e c t  response,  r e p e a t  Frames 65 

and 6 6 . )  

r e p a i r ,  
r e p a i r a b l e  

93. Since  t h e  resu l t s  are  almost  u n d e t e c t a b l e ,  a dose  which small, 
100 

might be  t a k e n  ( i n  a s i n g l e ,  o n c e - i n - a - l i f e t i m e  exposure)  

d u r i n g  a n  extreme emergency i s  rem. (If you made 

a n  i n c o r r e c t  response,  r e p e a t  Frames 67 through 69.) 

94. A dose  of 25 r e m  ( i n  a s i n g l e  exposure)  should not  b e  

r e c e i v e d  more t h a n  once i n  a . (If you 

made an i n c o r r e c t  response,  r e p e a t  Frames 70 and 72.)  

25 

l i f e  t i m e  
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SECTION 11-6 

RADIATION PROTECTION METHODS 

I n  t h i s  s e c t i o n  w e  s h a l l  d i s c u s s  t h e  methods you can u s e  

t o  p r o t e c t  y o u r s e l f  from e x t e r n a l  sou rces  of r a d i a t i o n .  

S p e c i f i c a l l y ,  w e  s h a l l  d i s c u s s  methods of reducing  t h e  dose  

ra te  and t h e  exposure  t i m e .  

6 . 1  R e v i e w  

1. Rad ioac t ive  i s  r a d i o a c t i v e  material 

which i s  an  impur i ty  i n  i t s  environment .  

Frames 34 th rough 3 7 . )  

( S e c t i o n  11-2, 

2 .  Can you have r a d i o a c t i v e  con tamina t ion  wi thou t  having contaminat ion  
any r a d i a t i o n ?  (Yes, No) ( S e c t i o n  11-2, Frames 48 

th rough 62 . )  

No 3 .  The removal of e l e c t r o n s  from an  atom by d i r e c t  i n t e r -  

a c t i o n  o r  e l e c t r i c a l  a t t r a c t i o n  and r e p u l s i o n  are t h e  

methods by which causes  

. ( S e c t i o n  11-3, Frames 20 through 

24.) 

4 .  I o n i z a t i o n  by electrical a t t r a c t i o n  o r  r e p u l s i o n  i s  r a d i a t i o n ,  
i o n i z a  t i o n  

caused by (charged, uncharged) r a d i a t i o n ,  bu t  d i r e c t  

i n t e r a c t i o n  i s  necessa ry  f o r  (charged, uncharged)  r a d i -  

a t i o n  t o  cause i o n i z a t i o n .  An e l e c t r i c  f i e l d  i s  a cha r -  

a c t e r i s t  i c  of (charged, uncharged) r a d i a t i o n .  (Section 

11-3, Frames 25 through 35.) 
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5. The d i s t a n c e  a charged p a r t i c l e  can p e n e t r a t e  matter 

w h i l e  c a u s i n g  i o n i z a t i o n  i s  c a l l e d  t h e  

t h e  p a r t i c l e .  

t e r i s t i c  r a n g e ?  (Yes, No) ( S e c t i o n  11-3, Frames 35 

through 40.)  

of 

Does uncharged r a d i a t i o n  have a charac-  

6 .  If  t h e y  b o t h  have t h e  same energy, an  a l p h a  p a r t i c l e  

w i l l  have a ( s h o r t e r ,  l o n g e r )  range  t h a n  t h e  b e t a  par -  

t i c l e .  ( S e c t i o n  11-3,  Frames 41 through 48. )  

7 .  R a d i a t i o n  i s  e i t h e r  charged o r  uncharged. R a d i a t i o n  

which i s  

f o r e ,  i t  i s  t h e  most e a s i l y  s h i e l d e d .  R a d i a t i o n  which 

i s  

t h e r e f o r e ,  it i s  t h e  most p e n e t r a t i n g  t y p e .  ( S e c t i o n  

11-3, Frames 55 through 6 2 . )  

does have a d e f i n i t e  range;  t h e r e -  

does n o t  have a d e f i n i t e  range;  

- - - - - - -  

8. Uncharged r a d i a t i o n  cannot  be s h i e l d e d  completely,  b u t  

t h e  i n t e n s i t y  can be reduced.  A s h i e l d  two TVL'S t h i c k  

w i l l  r educe  t h e  i n t e n s i t y  t o  (l%, 2%, lo%, 20%) of i t s  

o r i g i n a l  va lue .  ( S e c t i o n  11-3, Frames 6 3  th rough 70.) 

9 .  R a d i a t i o n  i s  e m i t t e d  e q u a l l y  i n  a l l  d i r e c t i o n s  from a 

r a d i o a c t i v e  source ;  t h e r e f o r e ,  t h e  probes of most d e t e c -  

t o r s  (can, cannot )  count t h e  r a d i a t i o n  from all of t h e  

atoms which are d i s i n t e g r a t i n g .  ( S e c t i o n  11-4, Frame 

14 and F i g u r e  11-11.) 

charged, 
uncharged, 
charged 

r-ange, 
No 

s h o r t e r  

charged, 
uncharged 

1% because 
1/10 x 1/10 
= 1/100 o r  
1% 
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10. 

11. 

12. 

13.  

14. 

15. 

The number which i s  d i v i d e d  i n t o  an  ins t rument  r ead ing  

i n  coun t s  p e r  m i n u t e  t o  o b t a i n  d i s i n t e g r a t i o n s  pe r  min- 

u t e  i s  c a l l e d  t h e  (geometry, o v e r a l l  c o u n t e r ) .  (Sec t ion  

11-4, Frames 20 through 24.)  

- - - - - - -  
1/1000 rem o r  0 .001 r e m  i s  known as a 

( S e c t i o n  11-4, Frame 4 8 . )  

Rem and r ad  a r e  (dose, dose  r a t e )  u n i t s .  Rem/hr and 

r a d l h r  are (dose, dose  ra te)  u n i t s .  Dose r a t e  x t i m e  = 

, (Sec t ion  11-4, Frames 49 through 51.)  

- - - c - - -  

An i n d i v i d u a l  working i n  a 10 mrad/hr gamma-radiation 

f i e l d  w i l l  r e c e i v e  a t o t a l  t i s s u e  dose  of 25 mrem i n  

hours .  (Sec t ion  11-4, Frames 10 and 11.) 

Which r a d i a t i o n  (gamma, a l p h a )  can  p e n e t r a t e  t h e  body's 

o u t e r  p r o t e c t i v e  l a y e r  of s k i n ?  Which r a d i a t i o n  (alpha,  

b e t a )  i s  more p e n e t r a t i n g  and capab le  of producing s e r i -  

ous bu rns?  ( S e c t i o n  11-5, Frames 17 through 20.) 

- - - - - - -  

Some p a r t s  of t h e  body a r e  more s e n s i t i v e  t o  r a d i a t i o n  

t h a n  o t h e r s .  L i s t  t h e  head, sk in ,  and hands i n  t h e  

o r d e r  of s e n s i t i v i t y ,  w i t h  t h e  m o s t  s e n s i t i v e  p a r t  f l r s t .  

cannot  

overa 11 
coun te r  

m i l l i r e m  or  
m r e m  

dose, 
dose  rate, 
dose 

2.5 

gamma, 
b e t a  

7 7 

(Sec t ion  11-5, Frames 32 through 35.)  
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16. 

17. 

18. 

The e f f e c t  of  r a d i a t i o n  on a n  i n d i v i d u a l ' s  h e a l t h  de- 

pends on t h e  dose,  t h e  

t h e  o f  r a d i a t i o n ,  and t h e  

of t h e  body exposed. 

? 

(Sec t ion  11-5, Frames 39 and 41.) 

head, 
sk in ,  
hands 

- - - - - - -  

The ave rage  dose  from envi ronmenta l  sou rces  of r a d i a -  

t i o n  which a pe r son  r e c e i v e s  i n  one y e a r  i s  about  204 

m r e m .  T h i s  i s  e q u i v a l e n t  t o  an  ave rage  d a i l y  dose  of  

about  m r e m .  (Sec t ion  11-5, Frames 42 th rough 

exposure t i m e ,  
k ind  o r  type,  
p a r t s  o r  

p o r t i o n s  

4 5 . )  

1/2  S ince  t h e  r e s u l t s  are a lmost  unde tec t ab le ,  a dose  which 

might be t a k e n  ( i n  a s i n g l e  once- in-a- l i fe t ime exposure)  

d u r i n g  an  extreme emergency i s  rem. (Sec t ion  

11-5, Frames 67 through 72.) 

6 .2  P lanning ,  t o  Reduce Exposure 

25 19. A q u e s t i o n  which i s  of pr imary  concern  f o r  t h o s e  of  us  

who work w i t h  r a d i a t i o n  is, "How c a n  a r a d i a t i o n  exposure  

dose  be  minimized?" 

t i m e ,  w e  can  r educe  t h e  dose  by r educ ing  e i t h e r  t h e  

S ince  dose  = dose  ra te  x exposure  

f t h e  .- 

o r  bo th .  

20, The purpose  of r educ ing  t h e  dose  ra te  or  t h e  exposure  dose  rate, 

t i m e  i s  t o  t h e  exposure  t i m e  
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21. How can t h e  exposure t i m e  be reduced? Unless t h e  work 

t o  be done i s  r o u t i n e  (and r o u t i n e  procedures  have been 

developed)? c a r e f u l  and complete  p l a n n i n g  i s  necessary .  

C a r e f u l  p l a n n i n g  f o r  a j o b  would r e q u i r e  t h a t  informa- 

t i o n  be o b t a i n e d  on such  t h i n g s  as t h e  urgency of doing  

t h e  job,  how much r a d i a t i o n  t h e  i n d i v i d u a l s  have a l -  

ready  been exposed t o ,  t h e  t y p e  of r a d i a t i o n  hazard  i n -  

volved, t h e  d o s e  rates, and many o t h e r  t h i n g s .  Complete 

p l a n n i n g  f o r  a j o b  would r e q u i r e  t h a t  

planned b e f o r e  s t a r t i n g  t h e  work, 

p lanning  will, first  of a l l ,  reduce unnecessary exposure 

t i m e  due t o  i n d e c i s i o n  as t o  "what t o  do next" .  Second, 

i t  w i l l  i n s u r e  t h a t  t h e  d i f f e r e n t  t e c h n i q u e s  (or  methods) 

of reducing  exposure t i m e  are cons idered .  

t e c h n i q u e  (or  combinat ion of t e c h n i q u e s )  f o r  t h e  j o b  

can  t h e n  b e  s e l e c t e d .  

s t e p s  be 

Complete and ca re fu l  

The b e s t  

reduce or 

dose  
minimize., 

22. One t e c h n i q u e  by which t h e  exposure  t i m e  can  b e  reduced 

i s  by u s i n g  s e v e r a l  persons  i n  sequence t o  d o  a job .  

For example, i f  a j o b  r e q u i r e s  one hour t o  complete  and 

t h e  d o s e  rate i s  100 mrem/hr; t h e n  i f  f i v e  persons  are 

a v a i l a b l e ,  each i n d i v i d u a l  should work no more t h a n  

minutes  and receive a maximum dose  of 

mrem. 

12, 23, Another t e c h n i q u e  by which t h e  exposure t i m e  can be re- 

duced i s  by t h e  use of t o o l s  which are des igned  and fab-  
20 

r i c a t e d  t o  do a s p e c i a l  j o b  q u i c k e r  t h a n  could b e  done 

w i t h  t h e  t o o l s  normal ly  a v a i l a b l e ,  

n ique  would be f o r  t h e  workers  t o  p r a c t i c e  doing  t h e  job 

u s i n g  n o n r a d i o a c t i v e ,  f u l l - s c a l e  models of t h e  equipment.  

S t i l l  a n o t h e r  tech-  
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24. C a r e f u l  and complete  can  h e l p  minimize 

t h e  exposure  t i m e  (and consequent ly  t h e  exposure  d o s e ) .  

Three of t h e  t e c h n i q u e s  which might b e  c o n s i d e r e d  as 

p a r t  of t h i s  p lanning  are: 

i n  sequence; u s i n g  s p e c i a l  

u s i n g  s e v e r a l  

; and by 

p r i o r  t o  doing  t h e  j o b .  

- - - - - - -  
6 . 3  Reducing t h e  Dose Rate 

25. We have cons idered  some methods used t o  reduce  t h e  ex- 

posure  t i m e .  L e t  us  now c o n s i d e r  t h e  o t h e r  h a l f  of t h e  

e q u a t i o n  (dose = dose  ra te  x exposure t i m e )  and d i s c u s s  

methods t o  reduce  t h e  dose  by reducing  t h e  dose  

p l a m i n g ,  
people  o r  

persons,  

p r a c t i c e  o r  
t o o l s ,  

p r a c t i c i n g  

26. The d o s e  rate (and t h u s  t h e  dose)  can b e  minimized by 

a t  least t h r e e  methods: 

w a i t i n g  a p e r i o d  of _time ( f o r  t h e  r a d i o a c t i v e  material 

t o  decay) ,  o r  moving t o  a g r e a t e r  d i s t a n c e  away from 

t h e  s o u r c e  of t h e  r a d i a t i o n .  

adding  some s h i e l d i n g  material, 

27 .  By p l a c i n g  s h i e l d i n g  material around t h e  r a d i a t i o n  s o u r c e  

(or  a t  least between you and t h e  r a d i a t i o n  source) ,  t h e  

r a d i a t i o n  w i l l  be absorbed e n t i r e l y  o r  p a r t i a l l y  by t h e  

s h i e l d i n g  m a t e r i a l .  I n  o t h e r  words, t h e  r a d i a t i o n  w i l l  

c a u s e  i o n i z a t i o n  i n  the 

and n o t  i n  you. 

ra te  
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2 8 .  Therefore ,  t h e  r a d i a t i o n  dose  r a t e  t o  which your body 

w i l l  be exposed can  be reduced by us ing  

- - - - - - -  

2 9 .  By t h e  n a t u r e  of r a d i o a c t i v e  decay, t h e  number of atoms 

which are r a d i o a c t i v e  d e c r e a s e s  con t inuous ly  i f  no re- 

placement i s  made. This  i s  t r u e  even i f  t h i s  d e c r e a s e  

i s  t o o  slow t o  n o t i c e  a f t e r  a pe r iod  of a week or  two. 

Therefore ,  ano the r  way of r educ ing  t h e  dose rate i s  

a l low a longer  t i m e  f o r  

t o  

- 
a p i e  i s  t aken  out  of t h e  oven, you have 

t o  a l low a l i t t l e  decay ( coo l ing )  t i m e  b e f o r e  
you e a t  it; o therwise ,  you would burn  your 
mouth. Unfor tuna te ly ,  u n l i k e  t h e  c o o l i n g  of 
t h e  ho t  p i e  (which we can speed up by p u t t i n g  
t h e  p i e  i n  a r e f r i g e r a t o r ) ,  we cannot  change 

- of r a d i o a c t i v e  decay. 

30. The f a r t h e r  w e  move away from t h e  sou rce  of r a d i a t i o n ,  

t h e  l e s s  r a d i a t i o n  we r e c e i v e .  Remember t h e  d i s c u s s i o n  

of t h e  geometry f a c t o r  f o r  a d e t e c t o r .  

a n o t h e r  way by which we can reduce t h e  dose  r a t e  

which we a r e  exposed) i s  t o  i n c r e a s e  t h e  

between us and the  source .  

Consequently,  

( t o  

s h i e l d i n g  
m a t e r i a l  

s h i e  Id ing  
materia 1 

decay 
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31. I n  a d d i t i o n  t o  reducing  t h e  exposure  t i m e  by c a r e f u l  

and complete  planning? you can  also r e d u c e  t h e  dose  r a t e  

( t o  which you are exposed) by t h e  use  of 

material;  by a l l o w i n g  a l o n g e r  decay ; and by 

moving a g r e a t e r  

r a d i a t i o n .  

away from t h e  s o u r c e  of 

32.  Thus you can reduce  your  r a d i a t i o n  dose  by reducing  t h e  

exposure  ? t h e  dose  , or  b o t h .  

33. I n  any s i t u a t i o n  i n v o l v i n g  r a d i a t i o n ,  you should  t a k e  

advantage  of s h i e l d i n g  which i s  a v a i l a b l e ,  even  i f  

t h e r e  i s  s h i e l d i n g  for only  a p a r t  of your body. 

3 4 .  An example of t h e  use of par t ia l  body s h i e l d i n g  would 

be working f rom behind a t h i c k ,  s o l i d  o b j e c t  (such as a 

c o n c r e t e  w a l l )  w i t h  only  t h e  head and hands; o r  even  

b e t t e r ,  on ly  t h e  hands exposed t o  t h e  r a d i a t i o n .  A 

metal o r  c o n c r e t e  p o s t  might be used a l s o .  O f  course,  

i f  you do not  have any work which h a s  t o  be done i n  a n  

area where t h e r e  i s  r a d i a t  ion--get  ou t .  

35. Whenever you are working w i t h  r a d i a t i o n ,  you should  con- 

s i d e r  t h e  p o s s i b i l i t y  of u s i n g  a t  least  some 

s h i e  Id  i n g  

3 6 .  L e t  u s  c o n s i d e r  a few more de ta i l s  of t h e  way s h i e l d i n g  

r e d u c e s  t h e  dose  ra te  and consequent ly ,  t h e  t o t a l  

d i s t a n c e  

s h i e l d i n g ,  
time, 
d i s  t ance 

t i m e ,  
sa te  

p a r t i a l  
body 

iii...- ........ -,..... ..., . ____,...,................______.,.,.,.,..__iii_i____l___.~ 
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3 7 .  There are two k i n d s  of r a d i a t i o n ,  charged and uncharged. 

The s h i e l d i n g  of charged r a d i a t i o n  i s  r e l a t i v e l y  easy .  

A l l  t h a t  i s  necessa ry  i s  t o  use  a t h i c k n e s s  of m a t e r i a l  

s l i g h t l y  g r e a t e r  t h a n  t h e  of t h e  r a d i -  

a t i o n  i n  t h a t  material. 

38. The r anges  of some charged p a r t i c l e s  (wi th  a n  energy of 

1 MeV) are a g a i n  l i s t e d  i n  Table  1 1 - 7 .  Note t h a t  t h e  

range  of a n  a l p h a  p a r t i c l e  i n  a i r  i s  about  1/5 of an  

inch,  w h i l e  t h e  range  of t h e  b e t a  p a r t i c l e  i n  a i r  i s  

about  12 f e e t .  

dose 

range  

Table  11-7. Ranges of 1 Mev Charged P a r t i c l e s  ( i n  Inches )  

A i r  Water Concre te  Lead 
P a r t i c l e  and 

Charge 

a++ 0.2 0 0 0002 

P" 144.0 0.14 0.075 0.012 

3 9 .  It might be i n t e r e s t i n g  a t  t h i s  p o i n t  t o  look a t  some 

g raphs  which show t h e  v a r i a t i o n  i n  s h i e l d i n g  r e q u i r e d  

as t h e  energy  of t h e  r a d i a t i o n  i n c r e a s e s .  See Fig- 

u r e s  11-15 and 11-16. 
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F ig .  11-15. Beta-Radia t ion  F ig .  11-16. Narrow-Beam Gamma 
Sh i e Id  ing  R a d i a t i o n  A t t e n t u a t i o n  

- - - - - - -  

40. You may wonder why F i g u r e  11-16 shows t h a t  t h e  t h i c k n e s s  

of  lead ,  t ungs t en ,  and uranium r e q u i r e d  t o  make a TVL i s  

less  f o r  10-Mev gamma photons t h a n  f o r  2-MeV gamma pho- 

t o n s .  For  heavy s h i e l d i n g  materials, t h e  t h i c k n e s s  re- 

q u i r e d  f o r  a TVL d e c r e a s e s  f o r  gamma photons having 

e n e r g i e s  about  2 o r  3 M e V .  T h i s  i s  because  w i t h  t h e s e  

h i g h - d e n s i t y  materials,  gamma photons w i t h  e n e r g i e s  >2 

Mev are l o s t  th rough a n  a b s o r p t i o n  p rocess  c a l l e d  p a i r  

p roduc t ion  (a gamma photon spontaneous ly  becomes a p' 
and p+, a p a i r ) .  

41. Since,  a t  e n e r g i e s  above 2 MeV, more gamma photons are  

l o s t  because  of a n  i n c r e a s e d  p r o b a b i l i t y  o f  

duc t ion ,  a TVL of l e a d  f o r  8-Mev gamma photons i s  

( g r e a t e r ,  less) t h a n  f o r  2-MeV gamma photons.  

pro-  
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42. A p i e c e  of  aluminum 1/3 i n . - t h i c k  w i l l  s t o p  any b e t a  

p a r t i c l e  (with less energy  t h a n  about  4 M e V ) .  So, i f  

w e  keep a p i e c e  of aluminum 1/3- in .  t h i c k  between u s  

and t h e  s o u r c e  of b e t a  r a d i a t i o n ,  a l l  of t h e  b e t a  r a d i -  

a t i o n  w i l l  be  absorbed i n  t h e  aluminum and none w i l l  

r e a c h  u s  t o  c a u s e  any body damage. 

aluminum s h i e l d  material as close t o  t h e  s o u r c e  as w e  

could  g e t  i t .  

We would p l a c e  t h e  

p a i r ,  
less 

4 3 .  Only a few r a d i o a c t i v e  materials release a l p h a  p a r t i c l e s  

which have a n  energy  g r e a t e r  t h a n  4 M e V ;  t h e r e f o r e ,  

a l p h a  par t ic les  g e n e r a l l y  have a range  less  t h a n  a n  i n c h  

i n  a i r .  (However, a n  8-Mev a l p h a  p a r t i c l e  would t r a v e l  

a lmost  3 i n .  i n  a i r . )  A t h i n  p i e c e  of  aluminum about  

0 .001-in.  t h i c k  o r  a p i e c e  of  paper  about  0 .002-in.  

t h i c k  i s  s a t i s f a c t o r y  t o  s h i e l d  most a l p h a  p a r t i c l e s .  

4 4 ,  T h i s  page which you are now r e a d i n g  i s  about  0.002-in.  

t h i c k - - t h e r e f o r e ,  t h i s  p i e c e  of paper  i s  s a t i s f a c t o r y  

t o  use f o r  s h i e l d i n g  p a r t i c l e s .  

a l p h a  45. S i n c e  a t h i n  p i e c e  o f  aluminum 0.001-in.  t h i c k  i s  a l l  

t h a t  i s  needed t o  s h i e l d  most a l p h a  p a r t i c l e s ,  a p i e c e  

of  aluminum 1f3- in .  t h i c k ,  used t o  s h i e l d  b e t a  p a r t i c l e s ,  

(is, i s  n o t )  adequate  f o r  s h i e l d i n g  (alpha, neut ron)  

p a r t i c l e s .  
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4 6 .  To s h i e l d  a l p h a  par t ic les ,  an o r d i n a r y  s h e e t  of paper  

i s  adequate .  A p i e c e  of aluminum about  1 / 3  i n .  t h i c k  

i s  a d e q u a t e  t o  s h i e l d  b o t h  and 

p a r t i c l e s  e 

- I - - - - -  

47 .  

48 

4 9 .  

50 

Other  t h i n g s  which w i l l  s h i e l d  or absorb  a l p h a  p a r t i c l e s  

are  p l a s t i c  bags, c l o t h i n g ,  r u b b e r  g loves ,  wood b locks ,  

aluminum, etc.  To s h i e l d  o r  absorb  b e t a  r a d i a t i o n ,  t h e  

material (can, must)  be ( t h i n n e r ,  t h i c k e r )  t h a n  t h a t  

used f o r  a l p h a  p a r t i c l e s .  

- - - - - - -  

S h i e l d i n g  uncharged r a d i a t i o n  i s  a n  e n t i r e l y  d i f f e r e n t  

problem from t h a t  of s h i e l d i n g  (charged, gamma) r a d i a t i o n .  

- - - - - - -  
A s  you should remember, uncharged r a d i a t i o n  does n o t  

have an  e l ec t r i c  f i e l d  sur rounding  it as d o e s  t h e  

charged r a d i a t i o n .  

interact d i r e c t l y  w i t h  an atom i n  o r d e r  t o  g i v e  up some 

o r  a l l  of i t s  energy.  Since matter (atoms) i s  most ly  

empty space,  uncharged r a d i a t i o n  c a n  p e n e t r a t e  d e e p l y  

i n t o  matter (by p a s s i n g  between t h e  n u c l e i  and e l e c t r o n s )  

b e f o r e  a n  i n t e r a c t i o n  occurs .  

Uncharged r a d i a t i o n  must t h e r e f o r e  

- - - - - - -  
Because uncharged r a d i a t i o n  i s  more p e n e t r a t i n g  t h a n  

charged r a d i a t i o n ,  (more, less) s h i e l d i n g  material w i l l  

be  r e q u i r e d  f o r  uncharged r a d i a t i o n .  

is, 
a l p h a  

alpha,  
b e t a  

must, 
t h i c k e r  

charged 
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51. Genera l ly ,  t h e r e f o r e ,  when w e  wish t o  s h i e l d  a g a i n s t  a 

sou rce  of bo th  charged and Uncharged r a d i a t i o n ,  w e  ( w i l l ,  

w i l l  n o t )  have more t h a n  t aken  care of t h e  charged r a d i -  

a t i o n  i f  w e  s h i e l d  a g a i n s t  t h e  uncharged r a d i a t i o n .  

52. The complete  a b s o r p t i o n  by a s h i e l d i n g  material of a l l  

of t h e  uncharged r a d i a t i o n  i s  not  p o s s i b l e .  

by us ing  a s u f f i c i e n t  t h i c k n e s s  of some s h i e l d i n g  mater- 

However, 

i a l ,  t h e  r a d i a t i o n  i n t e n s i t y  may be t o  

a t o l e r a b l e  level .  

53. I n  g e n e r a l ,  t h e  t h i c k n e s s  of s h i e l d i n g  material  r e q u i r e d  

w i l l  depend upon t h e  d e n s i t y  of t h e  m a t e r i a l .  

t h i c k n e s s  i s  r e q u i r e d  f o r  a less dense  material. Less 

t h i c k n e s s  i s  r e q u i r e d  for more dense  material .  

More 

6 . 4  Shielding--Tenth-Value and Half-Value Layers  

54. Table  11-8 g i v e s  t h e  t h i c k n e s s  of common material which 

w i l l  r educe  t h e  i n t e n s i t y  of g a m a  ( y )  r a d i a t i o n  a s p e c i -  

f i e d  amount. As you should remember, t h e  TVL ( t e n t h -  

v a l u e  l a y e r )  i s  t h a t  t h i c k n e s s  of material which w i l l  

r educe  t h e  i n t e n s i t y  of  r a d i a t i o n  to 10% o r  1 /10  of i t s  

o r i g i n a l  i n t e n s i t y .  The HVL ( h a l f - v a l u e  l a y e r  o r  h a l f -  

t h i c k n e s s )  is  t h a t  t h i c k n e s s  of m a t e r i a l  which w i l l  re- 

duce t h e  i n t e n s i t y  t o  50% or 1 / 2  of i t s  o r i g i n a l  i n t e n -  

s i t y .  (Another name commonly used f o r  HVL i s  " h a l f -  

t h i c k n e s s  ". ) 

more 

w i l l  

reduced 
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Table  11-8. S h i e l d i n g  E f f e c t i v e n e s s  f o r  2-  t o  4-Mev Gamma Rays 

Water Concre te  Le ad 
( i n . )  ( i n . )  ( i n . )  

Half -va lue  l a y e r  (HVL) 7 . 8  3 . 3  0.6 

26.0 11.0 2.0 Tenth-value layer (TVL) 

55. A s  you can  s e e  from t h e  t a b l e ,  t h e  h a l f  t h i c k n e s s  (HVL) 

i s  about  0.3 ( t h r e e - t e n t h s )  t h e  t e n t h - v a l u e  l a y e r  (TVL); 

t h e  ac tua l  number i s  0.3013 i f  you wish  t o  be more a c c u r -  

a t e .  A l l  of t h e s e  va lues  are impor tan t ,  and it  would be 

t o  your  b e n e f i t  t o  memorize them. You could  memorize 

t h e  TVL va lues  and t h e n  remember t h a t  you can  m u l t i p l y  

t h e  TVL va lue  by t o  o b t a i n  t h e  

56. S h i e l d i n g  c a l c u l a t i o n s  us ing  TVL and WL are e a s y  t o  do; 0 . 3 ,  
HVL 

and t o  show t h i s ,  w e  need only  t o  work a few problems. 

L e t  u s  suppose t h a t  a r a d i a t i o n  source  produces a r ead ing  

of 10 r a d l h r  on a d e t e c t o r  which i s  3 f t  away. We w i l l  

assume t h a t  we know t h a t  t h e  sou rce  e m i t s  0.9-MeV g a m a  

photons and t h a t  a l though  it a l s o  emits b e t a  p a r t i c l e s  

w e  do no t  know i f  t h e  b e t a  p a r t i c l e s  are g e t t i n g  through 

t h e  c o n t a i n e r  i n  which t h e  sou rce  i s  s e a l e d .  We w i l l  

a l s o  assume t h a t  t h e r e  are no secondary compl i ca t ing  e f -  

f e c t s .  Now l e t  us  f u r t h e r  assume t h a t  f o r  some reason  

o r  ano the r ,  w e  do no t  want a r a d i a t i o n  dose  rate a t  t h a t  -- 
s p o t  g r e a t e r  t h a n  10 mrad/hr (0.01 r a d l h r ) .  S ince  1 TVL 

of l ead  f o r  0.9-MeV gamma photons i s  1 i n .  ( s ee  F igu re  

11-16), w e  can  p l a c e  1 i n .  of l e a d  i n  f r o n t  of t h e  r a d i -  

a t i o n  source ;  and w e  f i n d  t h a t  t h e  dose  rate drops  from 

10 r a d l h r  t o  1 r a d l h r  because 1 TVL of s h i e l d i n g  material  

w i l l  r educe  t h e  dose r a t e  t o  of i t s  o r i g i n a l  v a l u e .  
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- 
There are a f e w  t h i n g s  t h a t  you should t h i n k  
about  b e f o r e  you c o n t i n u e .  The dose  rate of 
10 r a d / h r  a t  3 f t  may be due t o  a combina- 
t i o n  of gamma and b e t a  r a d i a t i o n  because,  as 
you know, b e t a  particles (wi th  an energy  of 1 
MeV) w i l l  t r a v e l  about  12 f t  i n  a i r ;  s o  some 
b e t a  r a d i a t i o n  could r e a c h  t h e  s p o t  3 f t  from 
t h e  sou rce .  (Even 8-Mev a l p h a  par t ic les  
could  no t  be caus ing  any d i r e c t  r a d i a t i o n  
dose . )  Now, i f  t h e  dose  r a t e  had dropped be- 
low 10% of 10 r a d / h r  when w e  p u t  t h e  TVL of 
l e a d  i n  p lace ,  w e  could  assume t h a t  part of 
t h e  10 r a d / h r  was due t o  b e t a  r a d i a t i o n  and 
t h e  rest gamma. But  f o r  t h e  res t  of t h e  prob- 
lem,  l e t  u s  assume t h a t  a l l  of t h e  r a d i a t i o n  
i s  gamma r a d i a t i o n .  - 

--- - - - -  

57. The 1 i n .  of l e a d  (one TVL) had reduced t h e  r a d i a t i o n  

l e v e l  from 10 r a d / h r  t o  1 r a d / h r .  

p i e c e  of lead  1 - in .  t h i c k ,  t h e  r a d i a t i o n  l e v e l  i s  re- 

duced t 0 r a d j h r  o r  mrad/hr .  

By us ing  a n o t h e r  

58. The u s e  of a t h i r d  TITI., of l e a d  w i l l  reduce t h e  r a d i a -  

t i o n  dose  r a t e  still f u r t h e r  from 100 mrad/hr t o  

mrad/hr .  

59. The t o t a l  t h i c k n e s s  of l e a d  r e q u i r e d  t o  reduce  t h e  dose  

rate from 10 r a d / h r  t o  10 mrad/hr  w a s  i n .  of lead,  

60.  I f  we now want t o  reduce  t h e  r a d i a t i o n  l e v e l  from 10 

mrad/hr  t o  5 mrad/hr, w e  can  u s e  i n .  of l e a d .  

(HVL = 0 . 3  x TVL) 

10% o r  1/10 

0.1, 
100 

10 

3 because 3 
TVL ' s were 
used, so  3 
x 1 i n .  = 
3 i n .  
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You could use  a n o t h e r  TIE, one inch,  and re- 
duce t h e  l e v e l  t o  1 mrad/hr,  which i s  below 
t h e  5 mradjhr  l e v e l  and t h u s  a much s a f e r  
va lue .  B u t ,  it may be t h a t  w e  do not  have 
room f o r  a n o t h e r  i n c h  o f  l e a d  o r  maybe our  
suppor t  f o r  t h e  s h i e l d i n g  cannot  s t a n d  t h a t  
much more weight .  It i s  convenient  t o  e s t i m -  
a t e  t h e  r e q u i r e d  t h i c k n e s s  of s h i e l d i n g  by L- t h i n k i n g  of t h e  humber of TVL o r  HVL r e q u i r e d .  ! 

61. There are v a r i o u s  ways t o  show how much of a r e d u c t i o n  

i n  r a d i a t i o n  i n t e n s i t y  can  be accomplished by us ing  TVL 

and HVL. For example: 
1 10 r a d / h r  x - = 1 r a d / h r  

10 

1 r a d / h r  x - 0 . 1  r a d / h r  (or  100 mrad/hr)  
10 = 

0.3 

1 100 mrad/hr x - = 10 mrad/hr 
10 

We could,  of courseg  do t h i s  i n  one s t e p  r a t h e r  t h a n  i n  

t h r e e  s t e p s .  For example: 

- lo rad/hr = 0.01 r a d / h r  (or  10 mradlhr )  10 r a d / h r  
10 x 10 x 10 - 1000 

Each f a c t o r  of 10 r e d u c t i o n  (10 i n  t h e  denominator)  

could  be  ob ta ined  by us ing  i n .  of lead,  which i s  

t h e  t h i c k n e s s  of one f o r  OO9-Mev gamma r a d i a t i o n .  

62. A mathemat ic ian  would write t h e  e q u a t i o n  which d e s c r i b e s  1, 
TVL t h e  r e d u c t i o n  i n  r a d i a t i o n  i n t e n s i t y  as: 

Ro($ = R 1 ;  where Ro i s  t h e  o r i g i n a l  o r  i n i t i a l  r a d i -  

a t i o n  i n t e n s i t y  wi thou t  any s h i e l d i n g  material; and where 

R 1  is  t h e  i n t e n s i t y  t o  which t h e  r a d i a t i o n  l e v e l  has  been 

reduced by t h e  u s e  of s h i e l d i n g  m a t e r i a l .  
t o t a l  t h i c k n e s s  of s h i e l d i n g  used i n  i n c h e s -  

TVL v a l u e  i n  inches  of t h e  material used ’ t h a t  x =  

is, x = t h e  number of TVL used.  
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6 3 .  To i l l u s t r a t e  t h e  use of t h e  equat ion ,  

R 1  = R, ($7, l e t  Ro = 10 r a d / h r  of  gamma r a d i a t i o n  and 

use  3 TVL of l ead  as s h i e l d i n g  material .  R1, t h e  r a d i a -  

t i o n  i n t e n s i t y  t o  which 10 r a d / h r  i s  reduced by us ing  

3 i n .  of l ead  ( 3  x 1 i n .  = 3 i n . ) ,  i s :  
n 

- - 10 r a d / h r  
R1 = 10 

h r  

10 mrad/hr,  which i s  t h e  same answer w e  g o t  be fo re .  I f  

x = 4 f o r  t h i s  same problem, what would R1 be  e q u a l  t o ?  

- - - - - - -  

r ad  
= 

10 r a d / h r  

1 mrad/hr 

6 4 .  A mathemat ic ian  would w r i t e  t h e  e q u a t i o n  f o r  h a l f -  

t h i c k n e s s  v a l u e  as: R 1  = R O @ T ;  where y i s  t h e  number 

of HVL. So i f  Ro i s  10 r a d / h r  of gamma r a d i a t i o n  and 

w e  u se  10  HVL of l e a d  as 
what w i l l  

mrad / h r  . t h e  v a l u e  R1 b e ?  R 1  = 10 r a d / h  

9.8 o r  -10 1 1 1 1 1 1 1 1 1  x - x - x - x - x - x - x -  

- 2 2 2 2 2 2 7  - 

10 r a d / h r  (F x x 

10 r a d / h r  
x 2 x 2 x 2 x 2 x 2 x 2 x 2 x 2 x 2  

, which i s  e q u a l  t o  0.0098 r a d / h r  o r  10 r a d / h r  
1024 I - 1 about  10 mrad/hr .  



110 

65.. By knowing t h e  v a l u e s  of t h e  t e n t h - v a l u e  l a y e r s  (TVL) 

and h a l f - v a l u e  l a y e r s  (HVL) and u s i n g  t h e  s h i e l d i n g  

e q u a t i o n s ,  t h e  amount o f  material n e c e s s a r y  t o  reduce  

t h e  r a d i a t i o n  d o s e  r a t e  t o  a t o l e r a b l e  l e v e l  can be 

determined.  

66. You are  removing a sample from a n  experiment  h o l e  and 

t h e  exper imenter  has c a l c u l a t e d  t h a t  t h e  r a d i a t i o n  l e v e l  

a t  1 f t  should b e  25 r a d s  of 0.9-Mev gamma r a d i a t i o n ,  no 

b e t a  o r  a l p h a .  

t o  s h i e l d  t h e  sample w h i l e  i t  decays.  I n  o r d e r  t o  a l l o w  

a r a d i a t i o n  i n t e n s i t y  no g r e a t e r  t h a n  12.5 mrad a t  1 f t ,  

t h e  t o t a l  t h i c k n e s s  of t h e  l e a d  would have t o  b e  a t  

least  i n .  (Reduce t h e  i n t e n s i t y  by u s i n g  

enough TVL and HVL t o  do  t h e  job . )  

You wish t o  b u i l d  a s h i e l d  of l e a d  b l o c k s  

67. We could  have c a l c u l a t e d  t h e  above problem w i t h  log-  

a r i t h m s  as f o l l o w s :  RO(-$lx= R1,  where w e  c a l c u l a t e  x, 

t h e  number of TVL used.  

3.3 i n .  

R e w r i t e  t h e  e q u a t i o n  as - Ro = 
1 l o x  R l  = -x = lox. 

1 

By logar i thms:  log  25 - l o g  0.0125 = x(1og 10) 

1.3979 - 8.0969 - 10 = x ( t h e  l o g  of  10 
i s  1) 

S u b t r a c t :  11.3979 - 10 
8.0969 - 10 
3.3010 = x  

We need, therm, 3 .3  TVL of l e a d  a t  1 i n .  each.  S h i e l d i n g  

t h i c k n e s s  i s  i n .  

i........ -,.. ..______........l .~ ........... . . . . . ...........,.... .... . . . . . . . . . . .~ :... . . . . . . . . .,_ 
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68, I f  you had no l e a d  b u t  had 8- in .mthick c o n c r e t e  b locks ,  

how many b l o c k s  t h i c k  would t h e  s h i e l d i n g  need t o  be? 

R e f e r  t o  Table  11-8 f o r  TVL f o r  c o n c r e t e .  

- - - - - - -  

69. I f  t h e  s h i e l d i n g  i s  t h r e e  b locks  t h i c k ,  t h e  g a m  r a d i -  

a t i o n  w i l l  be  reduced t o  ( e x a c t l y ,  less than,  more t h a n )  

12.5 m r e m .  

6.5 R a d i o a c t i v e  Decax 

3 . 3  i n .  

3 b l o c k s  

less t h a n  

7 o r  The g r e a t e r  t h e  r a d i a t i o n  dose  rate is, t h e  g r e a t e r  t h e  

s h i e l d i n g  t h i c k n e s s  must be t o  reduce  t h e  dose r a t e  t o  

a t o l e r a b l e  l eve l .  However, t h e r e  may be occas ions  when 

t h e  r a d i a t i o n  dose r a t e  of a n  o b j e c t  i s  s o  h i g h  t h a t  w e  

do  n o t  want t o  approach i t  even t o  provide  s h i e l d i n g .  

I n  t h i s  case, i f  w e  l e a v e  t h e  o b j e c t  and r e t u r n  a f t e r  a 

s u f f i c i e n t l y  long t i m e ,  w e  w i l l  f i n d  t h a t  t h e  r a d i a t i o n  

dose  ra te  has  decreased .  The d e c r e a s e  i n  r a d i a t i o n  

i n t e n s i t y  i s  due t o  

r a d i o a c t i v e  7 1 .  You w i l l  r eca l l  t h a t  " r a d i o a c t i v e  decay" i s  t h e  p r o c e s s  

by which a n  atom g e t s  r i d  of excess energy  and becomes decay 

more s t a b l e  by e m i t t i n g  

- - - - - - -  
72, The r a d i a t i o n  e m i t t e d  by a s o u r c e  r e s u l t s  from t h e  d i s -  

i n t e g r a t i o n  (or  decay)  of t h e  r a d i o a c t i v e  atoms i n  t h e  

source .  S i n c e  most r a d i o a c t i v e  atoms decay t o  nonradio-  

a c t i v e  (or s t a b l e )  atoms, i f  no replacement  i s  made t h e  

number of r a d i o a c t i v e  atoms w i l l  (decrease,  i n c r e a s e )  and 

s o  must t h e  r a d i a t i o n  i n t e n s i t y .  

r a d i a t i o n  
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7 3 #  There i s  an e q u a t i o n  which can b e  used t o  de te rmine  t h e  

gamma r a d i a t i o n  d o s e  ra te  one f o o t  from a source  i f  you 

know t h e  number o f  curies of r a d i o a c t i v e  material  i n  t h e  

s o u r c e  and i f  t h e  s o u r c e  i s  small enough (so  t h a t  w e  can 

c o n s i d e r  a l l  of t h e  r a d i a t i o n  as coming from a s i n g l e  

p o i n t ) .  The e q u a t i o n  is:  

C i s  t h e  number of c u r i e s  and E i s  t h e  energy  (MeV) of 

t h e  gama photons.  

r a d / h r  a t  1 f t  = 6 CE, where 

d e c r e a s e  

74, L e t  u s  c a l c u l a t e  t h e  dose  ra te  1 f t  away from a s o u r c e  

c o n t a i n i n g  1 c u r i e  of r a d i o a c t i v e  atoms which e m i t  

gamma photons w i t h  an  energy  of 6 M e V .  

would be e q u a l  t o  

The dose  ra te  

- - - - - - -  

j5, You have a 1 0 - m i l l i c u r i e  226Ra s o u r c e  used t o  check t h e  

response  of  G-M survey  meters. The 226Ra emits a 0.19- 

Mev gamma photon. 

t h e  d o s e  rate t o  your  han.d i s  

36 r a d / h r  

If i t  i s  h e l d  1 f t  from your  hand, 

mrem/hr . 

1.14 76. The i n t e r v a l  of t i m e  which w e  w a i t  f o r  t h e  r a d i a t i o n  

i n t e n s i t y  t o  d e c r e a s e  due t o  t h e  r a d i o a c t i v e  decay of 

t h e  atoms i s  commonly r e f e r r e d  t o  as t h e  decay t i m e .  - 
----I-- 

77. The longer  w e  a l l o w  t h e  r a d i o a c t i v e  material  t o  decay 

( longer  decay t i m e ) ,  the mote t h e  r a d i a t i o n  i n t e n s i t y  

w i l l  b e  reduced.  That is, t h e  r a d i a t i o n  d o s e  ra te  w i l l  

d e c r e a s e  as t h e  i n c r e a s e s .  

- - - - - - -  

. . . . . .........-.-.. . . . . . . . . .......... -.-... . . . . .... I .,.... - ....,.. . . . . . . . . ...................... . . . . . . . . . .... . .,....... . . , , . . . . . . , . . ..... 
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- _I__ 

A common example oE u s i n g  decay t i m e  t o  reduce  
t h e  r a d i a t i o n  i n t e n s i t y  i s  t h e  p r a c t i c e  of 
withdrawing a n  experiment  from t h e  neutron. 
f l u x  s e v e r a l  days b e f o r e  it w i l l  be removed 
from t h e  r e a c t o r , .  Also,  some i s o t o p e  samples 
would b e  withdrawn from t h e  f l u x  ahead of t h e  
s h i p p i n g  t i m e  t o  a l l o w  f o r  t h e  decay of t h e  
s h o r t  h a l f - l i f e  aluminum-28 t h a t  i s  i n  t h e  
c o n t a i n e r .  - - 

78. The decay t i m e  n e c e s s a r y  f o r  50% ( 1 / 2 )  of t h e  r a d i o a c t i v e  

atoms t o  decay i s  g e n e r a l l y  r e f e r r e d  t o  as t h e  h a l f - l i f e  

(T1/2) of t h a t  p a r t i c u l a r  r a d i o a c t i v e  i s o t o p e .  

a t  12:OO noon w e  have a source which c o n t a i n s  100 r a d i o -  

a c t i v e  atoms and at: 1 : O O  p.m. t h e r e  are only  112 as 

many ( i e e o >  50) r a d i o a c t i v e  atoms l e f t ,  then  w e  can say 

So, i f  

t h a t  r a d i o a c t i v e  i s o t o p e  h a s  a of 

(1 hr ,  30 rnin). 

79. Since a t  12 noon w e  had 100 r a d i o a c t i v e  atoms and a t  

1:00 p.m. w e  o n l y  had half  as many (SO), t h e n  a t  

1:00 p.m. t h e r e  w i l l  b e  o n l y  

a t i o n  b e i n g  e m i t t e d ,  

as much r a d i -  - 

80. I f  t h e  r a d i a t i o n  dose  ra te  from a source w a s  10 r a d l h r ,  

a f t e r  one h a l f - l i f e  tche r a d i a t i o n  dose  rate w i l l  be  

r a d / h r  

decay t i m e  

h a l f  - l i f e ,  
1 h r  

h a l f  o r  
50% 
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q__ _II 

The mathematical  e q u a t i o n  f o r  t h e  h a l f  t h i e k -  
i lessesj  which w a s  g i v e n  when w e  were t a l k i n g  
about  s h i e l d i n g ,  i s  a l s o  a p p l i c a b l e  i n  eon- 
s i d e r i n g  decay t ime--provided t h e r e  i s  only  
one p a r t i c u l a r  r a d i o a c t i v e  i s o t o p e  present. 
That is: 

where R, i s  t h e  o r i g i n a l  dose  ra te ;  where R 1  
i s  t h e  dose ra te  a f t e r  decay;  and where t i s  
t h e  number of h a l f  l i v e s .  

Ro ($)t = Rl  

- __D 

81. So now w e  see t h a t  t he re  are two methods by which a r a d i -  

a t i o n  dose  rate of 10 r a d / h r  can  be reduced t o  5 r a d / h r .  

We caE u s e  a t h i c k n e s s  o f  s h i e l d i n g  material e q u a l  t o  

t h e  - value ,  o r  w e  can w a i t  a - 
p e r i o d  o f  t i m e  equal. t o  t h e  - 

__. 

b r i e f  t a b l e  which l i s t s  t h e  h a l f -  
l i v e s  o f  some r a d i o a c t i v e  i s o t o p e s  which are 
q u i t e  f r e q u e n t l y  d e a l t  w i t h  i n  r e a c t o r  

- 

5 

h a l f -  

h a l f  - l i f e  
t h icknes  s 

Table  11-9.  Half Lives 

R a d i o i s o t o p e  

Ar g oh- 4 1 1 . 8 2  hours  

Aluminum-28 2 . 3  m i n u t e s  

Cobalt-60 5.2 years 

Ha 1 f - L i  f e  

Iodine-  13 1 

Nitrogen-16 

Sodium-24 

Uranium-235 

8.05 days 

7.4 seconds 

15 I 0 h o u r s  

7 . 1  x 108 y e a r s  
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82., Assume t h a t  a q u a n t i t y  of a r a d i o a c t i v e  i s o t o p e  such as 

aluminum-28 c a u s e s  a gamma r a d i a t i o n  dose ra te  of 100 

mrad/hr a t  a p o i n t  10 f t .  from t h e  source .  

1.78-Mev g a m a  photons and has  a 2,3-rnin h a l f - l i f e . )  

After w a i t i n g  2 .3  minutes,  w e  w i l l  n o t i c e  t h a t  t h e  r a d i -  

a t i o n  i n t e n s i t y  h a s  dropped from 100 mradlhr  t o  

(Al-28 emits 

mrad/hr e 

- - - - - _ . -  

- _  loo - 50 83. After w a i t i n g  a p e r i o d  of t i m e  e q u i v a l e n t  t o  2 h a l f -  

l i v e s  (4.6 minutes) ,  w e  w i l l  f i n d  t h a t  t h e  r a d i a t i o n  
2 

dose  r a t e  has  decreased  from 100 mrad/hr to mradlhr  . 

- 100 = 25 84. A f t e r  w a i t i n g  a p e r i o d  of 6 .9  minutes ,  what i s  t h e  dose 
2 x 2  

rate? mrad/hr. 

- - - - - - -  

because - 6 e 9  I - 3 ,  and 
2 . 3  

1_1 l 2  rl:Ox = 12.5 

- - - - - - -  

&3!je One way w e  cou ld  wr i te  a problem l i k e  t h i s  i f  i t  i s  not 

t o o  long and d i f f i c u l t  i s  t o  w r i t e  i t  down l i k e  t h i s :  

100 mrad/hr x 50 mrad/hr a f t e r  t h e  f i rs t  2 . 3  min 7 '  
50 mrad/hr  x y =: 25 mrad/hr a f te r  t h e  second 2 .3  min 

25 mradlhr  x 1 = 1 2 . 5  mrad/hr a f t e r  t h e  t h i r d  2.3 min 

12.5 mrad/hr x 2 = 

2 
m a d / h r  a f t e r  t h e  f o u r t h  2 .3  min  

1 

12.5 

6.25 86. I f  these radiation r e a d i n g s  are plotted on graph paper  

a s  a f u n c t i o n  of t h e  t i m e ,  t h e  r e s u l t s  would be as shown 

i n  F i g u r e  1 1 - 1 7 .  
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1 2 3 4 5 6 7 
F i g .  11-17.  Decay of Aluminum-28 

87.. Note t h a t  a f t e r  about  3 . 3  h a l f  l i v e s  (7.6 minutes )  t h e  

r a d i a t i o n  l e v e l  h a s  decreased  t o  10 mradlhr  (about 10% 

of i t s  o r i g i n a l  i n t e n s i t y ) .  After 7 h a l f  l i v e s ,  t h e  

r a d i a t i o n  l e v e l  has decreased  t o  less t h a n  1% of i t s  

o r i g i n a l  i n t e n s i t y .  

88.. If w e  p l o t  this same in fo rma t ion  on t h e  type  of graph 

paper  shown i n  F igu re  11-18 ( c a l l e d  semi- log paper ) ,  

t h e  l i n e  r e p r e s e n t i n g  the decay w i l l  be  s t r a i g h t .  
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I 
7.6 15.3 

F ig .  11-18. Decay of Aluminum-28 - - - - - - -  
- - 
We can  see t h a t  t h e  r a d i o a c t i v e  decay o f  an  
i s o t o p e  i s  a cu rve  QKI p l a i n  g raph  paper .  
us ing  semi- log-type graph  paper,  t h e  same in -  
fo rma t ion  appea r s  as a s t r a i g h t  l i n e .  Note 
t h a t  on t h e  p l a i n  g raph  which follows, a f t e r  
about  7 h a l f - l i v e s ,  i t  appea r s  t h a t  t h e  dose  
ra te  i s  zero ;  b u t  t h i s  i s  n o t  t r u e  as can 
c l e a r l y  be  seen  by look ing  at: t h e  semi- log 
g raph  which shows t h a t  a f t e r  10 h a l f  - l i ves ,  
t h e  dose rate i s  s t i l l  about  0.1 mrad/hr.  
The p o i n t  i s  t h e  in fo rma t ion  on t h e  semi-Log 
g raph  a f te r  7 h a l f - l i v e s  can  s t i l l  be  analyzed,  
bu t  t h e  i n f o r m a t i o n  a f t e r  7 h a l f - l i v e s  on t h e  
p l a i n  g raph  cannot  because  it appea r s  t o  be 
ze ro .  

By 

- - 
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100 

10 

1 

0 . 1  

0.01 

- - .> 

2 4  6 8 1 0  T1/2 2 4 6 8 1 0  
P l a i n  Graph Tl./2 

- - - - - - -  
89. F igu re  11-19 i s  a semi-log p l o t  of pe rcen t  r a d i a t i o n  

dose  ra te  (or  a c t i v i t y  or  number of atoms) as a f u n c t i o n  

of t h e  number of h a l f - l i v e s .  This  graph  may be used t o  

f i n d  t h e  amount t h e  r a d i a t i o n  i n t e n s i t y  from any r a d i o -  

i s o t o p e  sample has  dec reased  a f t e r  a pe r iod  of  t i m e  i f  

we know what t h e  va lue  of  t h e  h a l f - l i f e  i s  f o r  t h a t  

r a d i o i s o t o p e .  

- - - - - - -  

F i g .  11-19.  



119 

- 
This  graph  cannot  be used i f  t h e r e  i s  
t h a n  one r a d i o i s o t o p e  p resen t ,  s i n c e  t h e r e  
w i l l  be  more t h a n  one T i 1 2  v a l u e .  
are two o r  more r a d i o i s o t o p e s  p r e s e n t  w i t h  
d i f f e r e n t  T i 1 2  va lues  (and t h e r e f o r e  w i t h  d i f -  
f e r e n t  decay rates), t h e  curve  r e p r e s e n t i n g  
t h e  decay of several i s o t o p e s  i s  much more 
compl ica ted .  

When t h e r e  

go. A s  you can  see from t h e  graph,  a t  t h e  end of one h a l f -  

l i f e  (whether i-t i s  1 minute o r  1 y e a r ) ,  t h e  r a d i a t i o n  

% of i t s  o r i g i n a l  
__I_. 

i n t e n s i t y  w i l l  have dec reased  t o  

va lue .  

I 

50% The r a d i a t i o n  i n t e n s i t y  (dose r a t e )  has  
c reased  t o  50% because t h e  number of r ad io -  

i s  coun t s  pe r  minute,  mrad/hr, o r  t h e  number 
of r a d i o a c t i v e  atoms p resen t ,  a f t e r  1 T i l 2  
each of t h e s e  q u a n t i t i e s  w i l l  have decreased  

a c t i v e  atoms has  dec reased  t o  50%. 
whether  t h e  q u a n t i t y  you a r e  i n t e r e s t e d  i n  

50%. 

So, 

- 

91. Again it should  be po in ted  out  t h a t  a t  t h e  end of about  

4 h a l f  - l i v e s  ( a c t u a l l y  3 . 3 )  t h e  r a d i a t i o n  wil l  have 

been reduced t o  less than  10% of i t s  o r i g i n a l  r a t e .  

t h e  end of about  7 h a l f - l i v e s  ( a c t u a l l y  6.6) t h e  r a d i -  

A t  

a t i o n  w i l l  have been reduced t o  less than  %. 
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92,  Although t h e  i n i t i a l  dose  r a t e  may be reduced t o  less 

t h a n  1% by w a i t i n g  a n  i n t e r v a l  of t i m e  e q u a l  t o  about  

7 h a l f - l i v e s ,  t h e  i n i t i a l  dose  rate may be so  g r e a t  t h a t  

even 1% is  s t i l l  a ve ry  damaging dose  ra te .  For example, 

if t h e  i n i t i a l  dose  r a t e  i s  100,000 remlhr,  a f t e r  7 h a l f -  

l i v e s ,  t h e  dose  r a t e  would s t i l l  be about  rem/hr . 
A t  t h i s  dose  rate, exposure  f o r  1 h r  w i l l  s t i l l  r e s u l t  

i n  d e a t h .  

93. Another p o i n t  t o  keep i n  mind i s  t h a t  t h e  dose  ra te  may 

be l a r g e  o r  s m a l l ;  bu t  if t h e  h a l f - l i f e  i s  long, f o r  

example days o r  months, t h e n  you cannot  expec t  a l a r g e  

d e c r e a s e  i n  t h e  r a d i a t i o n  i n t e n s i t y  i n  a few (hours ,  

y e a r s )  a 

94. I f  t h e r e  i s  more t h a n  one r a d i o a c t i v e  i s o t o p e  p resen t ,  

t h e  d e c r e a s e  i n  t h e  r a d i a t i o n  dose  ra te  w i l l  not be  

r e p r e s e n t e d  by a s t r a i g h t  l i n e  on semi-lpg paper .  The 

t o t a l  r a d i a t i o n  from two r a d i o i s o t o p e s  a t  any p a r t i c u l a r  

t i m e  i s  t h e  sum of t h e  r a d i a t i o n  from t h e  s e p a r a t e  

r a d i o i s o t o p e s ;  and i t  i s  t h i s  sum which i s  d e t e c t e d  by 

a n  in s t rumen t  o r  t o  which t h e  body w i l l  be exposed. 

F igu re  11-20 shows how a r a d i a t i o n  r ead ing  from a com- 

b i n a t i o n  o f  t h e  i s o t o p e s  n i t rogen-16  and aluminum-28 

would d e c r e a s e ,  The l i n e  r e p r e s e n t i n g  t h e  t o t a l  r a d i -  

a t i o n  shows what might be  d e t e c t e d  by an  in s t rumen t ;  

t h i s  l i n e  i s  t h e  sum of t h e  dose r a t e s  from bo th  

r a d i o i s o t o p e s  e 

1 

1000 

hours  
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Fig .  11-20. Decay of Two Radio i so topes  - - - - - - -  
Nitrogen-E6 and aluminum-28 a r e  bo th  

and t h e  aluminum-28 from i r r a d i a t i o n  of s t r u c -  

i n  reactors l i k e  t h e  LIm, ORR, and HFIR. 
ni t rogen-16  comes from i r r a d i a t i o n  of wa te r  c t u r a l  material of  t h e  r e a c t o r s .  

95, I n s p e c t i o n  of t h i s  graph shows t h a t  i n i t i a l l y  (when t = 

0) t h e  dose  ra te  w a s  1000 mradlhr  - 100 mrad/hr  due t o  

28A1 and 900 mrad/hr due t o  1 6 N .  After about  70 see 

(about  t e n  h a l f - l i v e s ) ,  t h e  dose  r a t e  due t o  t h e  

1 6 N  h a s  become i n s i g n i f i c a n t .  

i s  s t i l l  about  70 mradlhr  d u e  t o  t h e  28A1. By a l lowing  

a t o t a l  decay t i m e  of 16 .1  minutes, t h e  t o t a l  dose  rate 

would be about  mrad/hr a 

However, t h e  dose  r a t e  
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- - 
A f t e r  70 seconds,  t h e  dose  ra te  from 1 6 N  can  
b e  ignored .  The 16 .1  minutes  is e q u a l  t o  
7 T112 v a l u e s  f o r  28A1; a f t e r  a p e r i o d  of 7 
h a l f - l i v e s ,  t h e  r a d i a t i o n  w i l l  have been re- 
duced t o  a l i t t l e  l ess  t h a n  1% of  i t s  o r i g -  
i n a l  v a l u e .  So, since i n i t i a l l y  w e  had 100 
mrad/hr due t o  t h e  28A1, a f t e r  7 "112 w e  w i l l  
have o n l y  about  1 mradlhr .  - - 

1 

6 . 6  S h i e l d i n g  w i t h  D i s t a n c e  

96,  Now t h a t  w e  have discussed s h i e l d i n g  and decay t i m e ,  w e  

should  d i s c u s s  d i s t a n c e .  The t h i r d  method by which t h e  

r a d i a t i o n  dose rate t o  t he  body can b e  reduced i s  t o  

move away from t h e  s o u r c e  of r a d i a t i o n .  That  is, t h e  

dose  ra te  t o  t h e  body can be d e c r e a s e d  by i n c r e a s i n g  t h e  

between you and t h e  source .  

97. A similar e f f e c t  i s  exper ienced  w i t h  a 40-watt  l i g h t  d i s t a n c e  

b u l b  mounted on t h e  c e i l i n g .  An i n d i v i d u a l  t r y i n g  t o  

r e a d  a book w i l l  f i n d  t h a t  the  l i g h t i n g  i s  b e t t e r  t h e  

c l o s e r  h e  g e t s  t o  t h e  lamp. 

t h e  lamp, t h e  book becomes h a r d e r  t o  r e a d  because t h e r e  

i s  less  l i g h t  ( r a d i a t i o n )  f a l l i n g  on t h e  pages of t h e  

book. 

now c o v e r i n g  a g r e a t e r  area; s o  t h e  amount f a l l i n g  on 

t h e  pages of t h e  book i s  less ,  L e t  us  t a k e  a look a t  

F i g u r e  11-21, which i l l u s t r a t e s  how t h i s  geometry e f f e c t  

o c c u r s  

But as h e  moves away from 

T h i s  o c c u r s  because  t h e  same amount of l i g h t  i s  
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Fig .  11-21 .  Geometry Effect 

98, A t  a d i s t a n c e  d l ,  1 f o o t ,  from a p o i n t  s o u r c e  (candle)  

a cer ta in  amount of r a d i a t i o n  ( l i g h t )  w i l l  f a l l  on 1 

sq f t  of area ( t h e  book's page) .  However, a t  a d i s t a n c e  

d2, 2 feet ,  t h a t  same amount of r a d i a t i o n  i s  now s p r e a d  

out  over  an  area of 4 s q u a r e  feet. So t h e  amount of  

r a d i a t i o n  (or l i g h t )  which f a l l s  on a square f o o t  of 

area i s  much less a t  a d i s t a n c e  of (one f o o t ,  two f e e t )  

t h a n  i t  i s  a t  a d i s t a n c e  of (one f o o t ,  two f ee t ) .  

I__ 

- - 
You may wonder how w e  know t h a t  t h e  amount of 
l i g h t  which c o v e r s  1 sq It a t  a d i s t a n c e  1 f t  
from t h e  c a n d l e  would have t o  cover  4 sq f t  
a t  a d i s t a n c e  of 2 f t .  Remembering t h a t  t h e  
same amount of l i g h t  goes o u t  i n  all d i r e c -  
t i o n s ,  compare t h e  s u r f a c e  area of a s p h e r e  
w i t h  a 1-f t  r a d i u s  t o  t h e  s u r f a c e  area of a 
s p h e r e  w i t h  a 2-ft r a d i u s .  
(Sur face  area = 43- x r a d i u s 2 . )  

I_ 

two feet ,  
one f o o t  
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The f a c t  t h a t ,  even w i t h  no abso rp t ion ,  t h e  amount of 

r a d i a t i o n  ( o r  l i g h t )  which f a l l s  on a c e r t a i n  area _de- 
creases as t h e  d i s t a n c e  from t h e  sou rce  i n c r e a s e s  i s  due 

t o  t h e  "geometry e f f e c t " .  

t h a t  t h e  amount of l i g h t  f a l l i n g  on a c e r t a i n  area 

v a r i e s  i n v e r s e l y  w i t h  d i s t a n c e .  

A mathemat ic ian  would s a y  

- - - - - - -  

So, by moving away from a source  of r a d i a t i o n ,  t h e  

amount of r a d i a t i o n  (dose ra te)  which h i t s  your body 

(about 5 o r  6 sq f t  of area) w i l l  ( i n c r e a s e ,  d e c r e a s e ) .  

- 
You m u s t  t a k e  care t h a t  i n  an a c t u a l  s i t u -  
a t i o n ,  such as working on t h e  ORR t a n k  top,  
w h i l e  t r y i n g  t o  g e t  away from one source  you 

- c do not  back i n t o  a n o t h e r  source .  

d e c r e a s e  

- - - - - - -  

I f  you know o r  can  de te rmine  t h e  r a d i a t i o n  dose  ra te  a t  

e i t h e r  a d i s t a n c e  d l  o r  d2 and know o r  measure t h e  d i s -  

t a n c e s  d l  and d2; t h e n  by us ing  a mathemat ica l  e q u a t i o n  

you can  calculate t h e  r a d i a t i o n  dose  rate a t  t h e  o t h e r  

p o s i t i o n .  The mathemat ica l  e q u a t i o n  is: 

(dose ra te  a t  d l )  ( t h e  d i s t a n c e  d1)2 = 

(dose rate a t  d2)  ( t h e  d i s t a n c e  d2)* 
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Whether t h e  dose  rate i s  i n  u n i t s  o f  r a d / h r  
o r  rem/hr, t h e  e q u a t i o n  s t i l l  works.  1 r 
You c a n  r e a d i l y  see t h a t  i f  you know or  can 
de termine  t h e  v a l u e s  of any t h r e e  of t h e  
v a r i a b l e s  (dl ,  d2, dose  ra te  a t  d l ,  o r  dose  
rate a t  d2), t h e  f o u r t h  v a r i a b l e  c a n  be  
de te rmined .  For example, you may know t h e  
d i s t a n c e  dl, t h e  d o s e  ra te  a t  d2, and t h e  
d i s t a n c e  d2. By u s i n g  t h e  equat ion ,  you 
can  c a l c u l a t e  t h e  dose  ra te  a t  d l ,  - __I 

102.. Working a problem might be  h e l p f u l .  C a l c u l a t e  t h e  d o s e  

ra te  a t  d l  i f :  

(dose rate a t  d ) = ? 

(dose rate a t  d2) = 40 mrem/hr 
1 

d l  = 1 ft 

d2 = 2 f t  

(dose rate a t  d1)(d1)2 = (dose r a t e  a t  d2) (d2)  2 

(dose ra te  a t  d 1 ) ( 1 ) 2  = (40)(2)2 

(dose r a t e  a t  d l )  = 40 x 22 = 40 x 4 = 
1 1 

mrem/hr . 

103,.  The equat ion:  (dose r a t e  at d l ) ( d I ) *  = (dose ra te  a t  

d 2 ) ( d ~ ) ~  i s  sometimes r e f e r r e d  t o  as t h e  " i n v e r s e  

s q u a r e  l a w "  e q u a t i o n  because t h e  dose  ra te  i s  i n v e r s e l y  

p r o p o r t i o n a l  t o  t h e  s q u a r e  of t h e  d i s t a n c e  from t h e  

s o u r c e .  To i l l u s t r a t e  what t h i s  means, l e t  us  review 

t h e  problem w e  j u s t  worked. We saw t h a t  a t  a d i s t a n c e  

of  2 f t  t h e  dose ra te  was 160/22 = 160/4 = 40 mrern/hr; 

t h a t  is, t h e  i n t e n s i t y  d e c r e a s e d  by a f a c t o r  of four  

as the d i s t a n c e  i n c r e a s e d  by a f a c t o r  o f  two ( i . e e ,  

i n v e r s e l y  p r o p o r t i o n a l  t o  t h e  d i s t a n c e  squared) .  

16 0 
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1 0 4 ~  If  w e  now c a l c u l a t e  t h e  dose  ra te  a t  a d i s t a n c e  of 4 f t ,  

w e  w i l l  g e t :  

160 mrem/hr)(1)2 160 mrem/hr . - - 
16 dose  r a t e  a t  4 f t  = ( 

42 
9 

so  t h e  d o s e  ra te  a t  4 f t  i s  10 mrem/hr. So now w e  

should b e g i n  t o  see t h e  i n f l u e n c e  of d i s t a n c e :  A t  1 f t  

t h e  d o s e  ra te  w a s  160 mrem/hr, a t  2 f t  i t  w a s  

mremlhr, a t  3 f t  i t  would be 1 7 . 8  mrem/hr, and a t  4 f t  

it w a s  mrem/hr. This  should i n d i c a t e  t o  you 

what i s  meant when w e  s a y  t h e  dose ra te  i s  i n v e r s e l y  

p r o p o r t i o n a l  t o  t h e  s q u a r e  of t h e  

105. L e t  us assume you are s t a n d i n g  2 f t  away from a p o i n t  

source  of r a d i a t i o n  and t h e  d o s e  ra te  a t  t h i s  p o i n t  i s  

100 mrad/hr .  Ca lcu la t e  what t h e  dose ra te  would be a t  

a d i s t a n c e  10 f t  away from t h e  s o u r c e .  

40, 
10, 
d i s t a n c e  

SOURCE R 1  = 100 mrad/hr R2 = ? 
J I 

%--- . 2 , f t 4  10 f 
\ d l  = 2 f t  

f t  

F- 

Let  R1 s t a n d  f o r  t h e  d o s e  ra te  a t  d l  and R2 t h e  dose  

rate a t  d2.  Then t h e  e q u a t i o n :  
(dose r a t e  a t  dl)  (dl) 2 = (dose r a t e  a t  d2)  (d2) 2 becomes 

(R1) (d1)2 = (R2) W2 
Since w e  know that R 1  = 100 mrad/hr, d = 2 St ,  and 

d2 = 10 f t ,  w e  can s u b s t i t u t e  t h e s e  v a l u e s  i n t o  t h e  

e q u a t i o n  i n  o rde r  t o  f i n d  t h e  v a l u e  of R2. 

(100 mrad/hr ) (2)2  = ( R ~ ) ( l 0 > ~ ,  which i s  t h e  same as 

1 

So w e  have 

- - 100 mrad/hr (2)2 - (100 mrad/hr)(4)  
100 

R2 = - 

(W2 
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106., Using t h e  same symbols (Rl,  R2, dl, and d2) ,  assume 

R1 = 100 m r e m / h r ,  d l  = 2 f t ,  d2 = 20 f t ,  and f i n d  R2. 

To h e l p  you w i t h  t h e  problem you could  draw a p i c t u r e :  

4 mrad/hr 

R 1  = 100 mrem/hr R2 = ? 

10 ft: 
The r a d i a t i o n  dose  r a t e  a t  d2 = mremlhr 

107. Now from these problems you should r ecogn ize  t h a t  t h e  

more d i s t a n c e  t h e r e  i s  between you and t h e  sou rce  o f  

r a d i a t i o n ,  t h e  (more, less)  r a d i a t i o n  you w i l l  be  

exposed t o .  

- 

1-08. The main r e a s o n  t h a t  t h e  dose  r a t e  from a r a d i a t i o n  

source  g e t s  l a r g e r  t h e  c l o s e r  w e  g e t  t o  i t  i s  due t o  

the (geometry e f f e c t ,  a i r  s h i e l d i n g ) .  

109. S ince  you now can  work w i t h  l / d 2  equa t ion ,  w e  w i l l  

d e r i v e  t h e  e q u a t i o n .  

of t i m e  t r y i n g  t o  memorize a l l  of t h i s ,  b u t  you may 

wish  t o  see t h e  d e r i v a t i o n  of the equa t ion .  F i r s t  of 

a l l ,  le t  u s  a g a i n  look a t  F i g u r e  11-20, which shows 

l i g h t  sp read ing  ou t  from a cand le .  The r a d i a t i o n  

( l i g h t )  which i s  emi t t ed  can be cons ide red  t o  f a l l  on 

t h e  i n s i d e  s u r f a c e  o f  an  imaginary sphe re  ( b a l l )  which 

h a s  i t s  c e n t e r  a t  t h e  l i g h t  sou rce .  The s u r f a c e  area 

You do not need t o  spend a l o t  

1 

less 

g e om&? t r y  
e f f e c t  
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of any s p h e r e  ( b a l l )  i s  4;[rr2, where r i s  t h e  r a d i u s .  

I n  t h i s  case, t h e  r a d i u s  i s  t h e  d i s t a n c e  (d) from t h e  

l i g h t  s o u r c e  t o  t h e  s u r f a c e  of t h e  s p h e r e .  The next  

t h i n g  t o  remember i s  t h a t  t h e  t o t a l  amount of r a d i a -  

t i o n  i s  s p r e a d  o u t  over  t h e  e n t i r e  s u r f a c e  of t h e  

sphere,  r e g a r d l e s s  of t h e  s i z e  of t h e  s p h e r e .  The more 

s u r f a c e  t h e r e  is ,  t h e  less r a d i a t i o n  t h e r e  w i l l  b e  

s t r i k i n g  each s q u a r e  f o o t .  We can p u t  t h i s  i n f o r m a t i o n  

i n  t h e  form of t h e  equat ion:  

(Radia t ion  p e r  sq f t  a t  d l ) ( a r e a  of s p h e r e  a t  d l )  i s  

e q u a l  t o  

(Radia t ion  p e r  sq f t  a t  d Z ) ( a r e a  of s p h e r e  a t  d2) 

Each of t h e s e  are e q u a l  t o  t h e  t o t a l  amount of r a d i a t i o n  

coming from t h e  s o u r c e .  

L e t  R1 = t h e  r a d i a t i o n  p e r  sq ft a t  d l  

4 r ( d 1 ) 2  = t h e  area of sphere  a t  d l  

R2 = t h e  r a d i a t i o n  p e r  sq  f t  a t  d2 

4 r ( d 2 ) 2  = t h e  area of s p h e r e  a t  d2 

Then t h e  e q u a t i o n  becomes: 
2 

( R 1 ) ( 4 r d i 2 )  = (R2)(4r-d2 

T h i s  i s  e q u a l  t o :  

O r  4 T ( R 1 ) ( d l 2 )  = 4 p ( R 2 ) ( d 2 2 )  
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110. Refer t o  t h e  f i g u r e  below. 

Source ---- _c - -- 
A. 

D i s  t ante 

If t h e  shaded area a t  dl  (1 f t )  r e c e i v e s  a dose  ra te  

R 1  e q u a l  t o  100 mrad/hr, t h e n  a t  d2 = 2 f t  t h e  r a d i -  - 

a t i o n  r e a d i n g  will be R2 = R 1  ( d l  2 2  /d2 ) o r  R2 = 

I 

loo l2 - - -  loo I 25 mrad/hr.  
22 4 

100 x 12 100 - - = 11.1 mrad/hr - 9  A t  d3 = 3 f t ,  R 3  = 
32 

100 mrad/hr 100 mrad/hr 
1 1 R1 (at a d i s t a n c e  of 1 f t )  = 

100 mrad/hr 25 mrad/hr 
4 1 R2 (at  a d i s t a n c e  of  2 f t )  = 

100 mrad/hr 11.1 mrad/hr 
9 1 

R3 (at a d i s t a n c e  of 3 f t )  = 

Note how t h e  dose  r a t e  d e c r e a s e s  as t h e  

- - 

- - 

- - 

from t h e  s o u r c e  

of r a d i a t i o n  i s  r e c e i v e d  by a l a r g e r  

because t h e  t o t a l  amount 
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211 d i s t a n c e ,  
i n c r e a s e s ,  
area 

What w e  have been t a l k i n g  about  i s  a p o i n t  source ;  t h a t  

is, w e  have been assuming t h a t  t h e  s o u r c e  i s  shaped 

compactly l i k e  a small b a l l  o r  p o i n t .  However, t h e r e  

are o t h e r  shapes of r a d i a t i o n  s o u r c e s  which a r e a c t o r  

o p e r a t o r  might encounter .  For i n s t a n c e ,  a n o t h e r  r a d i -  

a t i o n  s o u r c e  which i s  p r e t t y  common i s  one which i s  

shaped l i k e  a long, s l e n d e r  rod (sometimes r e f e r r e d  t o  

as a " l i n e "  s o u r c e ) .  

s h i e l d i n g  sur rounding  a r e a c t o r  might be a n  example of  

a l i n e  source .  

A long c r a c k  i n  t h e  b i o l o g i c a l  

112. The d e c r e a s e  i n  dose  ra te  w i t h  d i s t a n c e  from a l i n e  

s o u r c e  i s  d i f f e r e n t  t h a n  t h e  d e c r e a s e  from a p o i n t  

source .  Whereas t h e  e q u a t i o n  f o r  t h e  p o i n t  s o u r c e  was 
R1 x d I 2  = R 2  x d2 2 , w e  cannot  d e r i v e  such a s imple  

e q u a t i o n  f o r  t h e  d e c r e a s e  i n  dose r a t e  w i t h  d i s t a n c e  

from a l i n e  s o u r c e ,  

113, If  t h e  l i n e  were i n f i n i t e  (i.e.,  had no end o r  l i m i t  

i n  e i t h e r  d i r e c t i o n ) ,  w e  could d e r i v e  and use  t h e  

equat ion:  

RE x d l  = R2 x d2 

This  e q u a t i o n  would t e l l  us  t h a t  t h e  dose  ra te  i s  

i n v e r s e l y  p r o p o r t i o n a l  t o  j u s t  t h e  from 

an  i n f i n i t e  l i n e  s o u r c e  (not t h e  s q u a r e  of t h e  d i s t a n c e  

as was t r u e  f o r  a p o i n t  s o u r c e ) .  



13 1 

114, To i l l u s t r a t e  how t h e  d o s e  r a t e  r e a l l y  d e c r e a s e s  w i t h  

d i s t a n c e  from s e v e r a l  t y p e s  of sources ,  w e  w i l l  assume 

e a c h  s o u r c e  r e s u l t s  i n  a dose  ra te  o f  100 mrad/hr a t  

1 f t  from t h e  source .  We w i l l  f u r t h e r  assume t h a t  t h e  

d e c r e a s e  i n  dose  r a t e  i s  o n l y  due t o  geometry.  The 

d o s e - r a t e  d e c r e a s e  w i t h  i n c r e a s e d  d i s t a n c e  i s  shown i n  

F i g u r e  11-22. 

115. T h i s  f i g u r e  shows u s  t h a t  t h e  l / d 2  l a w  works f o r  s o u r c e s  

o t h e r  t h a n  p o i n t  s o u r c e s  if t h e y  are f a r  enough away. 

The f i g u r e  a l s o  shows t h a t  t h e  dose  r a t e  from a l i n e  

s o u r c e  as long as 10 f c  does n o t  d e c r e a s e  n e a r l y  as 

s lowly  w i t h  d i s t a n c e  as does t h a t  from an i n f i n i t e l y  

long  l i n e  s o u r c e  (which f o l l o w s  t h e  l / d  l a w ) .  O f  

course ,  t h e  s o u r c e s  r e q u i r e d  t o  o b t a i n  a l l  t h e  curves  

shown i n  F i g u r e  11-22 would n o t  c o n t a i n  t h e  same num- 

ber of c u r i e s .  

- 
The p o i n t  i s  t h a t  t h e  change of dose  r a t e  (from d i f f e x e n t  shaped s o u r c e s )  w i t h  d i s -  

~ t a n c e  does n o t  f o l l o w  any one s imple  l a w .  
When e n t e r i n g  a marked " r a d i a t i o n  zone" o r  
an area where t h e  r a d i a t i o n  dose  ra te  i s  

' not  c o n t i n u o u s l y  monitored, t h e  b e s t  t h i n g  
t o  do i s  t o  use  a r a d i a t i o n  d e t e c t i n g  i n -  
s t rument  a f t e r  making s u r e  i t  i s  working 
p r o p e r l y .  ( B r i e f l y ,  a " r a d i a t i o n  zone" i s  
an  area where s p e c i a l  measures are  t a k e n  
t o  c o n t r o l  t h e  r a d i a t i o n  exposure  t o  per- 
s o n n e l  due t o  e x t e r n a l  s o u r c e s ;  t h i s  t e r m  
w i l l  be  d e f i n e d  i n  more d e t a i l  l a t e r . )  

d i s  t ance 

. . . . . . . . 
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NOTE: The d i s t a n c e s  from 
t h e  l i n e  and d i s k  s o u r c e s  
are measured a l o n g  a l i n e  
p e r p e n d i c u l a r  t o  t h e  cen- 
t e r  of t h e  sources ,  a s :  1 - - - -L- - - I - -J.- 

1 f t  2 f t l  

- 
. --. 

o i n t  s o u r c e  , .-- --_. 
3 - i n . - l o n g  s o u r c e ,  ----m. -\- -- 

and 3- in .diam. d-ksk-source 

.I__ 

. I 

1 2 
I 

3 

Dis tance  from s o u r c e  (feet) 

1 

4 
1 I 1 I 

5 6 7 8 9 10 

F i g .  11-22. R a d i a t i o n  Dost Versus D i s t a n c e  From Source 



133 

116. Now, l e t  u s  t r y  a hard  problem and c a l l  upon some of 

t h e  knowledge which you have a c q u i r e d  by now. 

a p p l y  what w e  have l e a r n e d  about  s h i e l d i n g  materials 

and t h e  1/d2 l a w  and c a l c u l a t e  t h e  r a d i a t i o n  dose  ra te  

from a r a d i o a c t i v e  i s o t o p e  sample which i s  i n  a lead  

c o n t a i n e r .  

sample w a s  measured i n  a i r  b e f o r e  t h e  sample w a s  put  

i n t o  t h e  c o n t a i n e r  and was found t o  b e  100 r a d / h r .  One- 

h a l f  o f  t h i s  dose  ra te  w a s  found t o  be due t o  b e t a  r a d i -  

a t i o n ;  t h e  o t h e r  h a l f  was due t o  gamma r a d i a t i o n .  Now 

l e t  u s  b e g i n  t o  de te rmine  t h e  r a d i a t i o n  dose  ra tes  (RI, 

R2, and R3) a t  t h e  v a r i o u s  d i s t a n c e s  from t h e  sample as 

shown i n  F i g u r e  11-23. 

L e t  us  

Assume t h a t  t h e  dose  ra te  1 f t  from t h e  

' I  F i g .  11-23. Carrier 

117. You w i l l  recal l  from F i g .  11-17 t h a t  t h e  range  of  a 4 -  

Mev-beta p a r t i c l e  i n  l e a d  i s  less t h a n  0.2 i n .  S i n c e  

t h e r e  i s  6 i n .  of l e a d  s h i e l d i n g  provided by t h e  con- 

t a i n e r ,  a l l  of t h e  b e t a  r a d i a t i o n  w i l l  be  absorbed i n  

t h e  lead;  and t h e r e  w i l l  b e  no b e t a  r a d i a t i o n  o u t s i d e  

t h e  c o n t a i n e r .  

w e  can f o r g e t  t h e  b e t a  r a d i a t i o n .  

c o n s i d e r  a dose  r a t e  from t h e  source,  w i t h o u t  s h i e l d i n g ,  

of o n l y  

Thus, w i t h  t h e  s o u r c e  i n  t h e  c o n t a i n e r ,  

T h i s  a l l o w s  us  t o  

- - - - - - -  
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118, A diagram of t h e  problem would look l i k e :  

R2 i s  50 r a d l h r  w i t h o u t  t h e  l e a d  s h i e l d i n g .  

- - - - - - -  

119, With t h e  6 i n .  o f  l e a d  s h i e l d i n g  ( t h r e e  TVL's f o r  t h e  

most d i f f i c u l t  t o  s h i e l d  gamma r a d i a t i o n ) ,  t h e  dose  

rate of R2 i s  reduced t o  a t  least 

I x e  6 i n . - o f  l e a d  s h i e l d i n g  i s  3 TVL-1 

I 50h:ad ($r= 501t;:t/hr = 0.050 r a d / h r  = I 
50 mradThr: 
you t a k e  t h e  sample out  of t h e  carrier, 

w i l l  b e  u n s h i e l d e d ;  and t h e  dose  rate 1 f t  
b o t h  t h e  b e t a  and t h e  g a m a  r a d i a t i o n  

You should  remember t h a t  i f  t awa w i l l  b e  100 r a d / h r .  

120. With t h e  l e a d  s h i e l d i n g  i n  p lace ,  t h e  R2 w i l l  be 50 

mrad/hr,  and t h i s  i s  a t  a d i s t a n c e  1 f t  from t h e  s o u r c e .  
Now l e t  u s  u s e  t h e  l j d  2 e q u a t i o n  and f i n d  the v a l u e  o f  

Rl .  S i n c e  R2 i s  50 mrad a t  1 f t  (12 i n . )  from t h e  

s o u r c e  and R 1  i s  9 i n .  from t h e  source,  t h e  e q u a t i o n  

becomes : 

50 r a d / h r  

0.05 r a d / h r  
or 50 mrad/hr 
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1 2 1 ~  Now f i g u r e  o u t  t h e  dose  ra te  R3, which i s  2 1  i n .  from 

t h e  s o u r c e .  R3  i s  e q u a l  t o  about  mrad/hr.  

- - - - - - -  

122.  Review t h e  problem you have j u s t  f i n i s h e d  a f t e r  you 

have r e a d  and thought  about  t h e  f o l l o w i n g  t h i n g s .  

a. 

b.  

C.  

d. 

The d i s t a n c e s  used are t h o s e  t o  t h e  r a d i o a c t i v e  

sample, n o t  t o  t h e  carrier because  t h e  "sample" 

i s  t h e  , n o t  t h e  car r ie r .  Always 

keep t h i s  i n  mind. 

I f  t h e  s o u r c e  i s  n o t  i n  t h e  c e n t e r  of t h e  carrier, 

t h e  dose ra tes  w i l l  b e  ( t h e  same, d i f f e r e n t )  on 

d i f f e r e n t  s i d e s  of t h e  carrier.  

Near t h e  source,  t h e  dose  ra te  may be due t o  a 

combinat ion of b e t a  and gamma r a d i a t i o n .  (For 

example, t h e  range  of a 1-Mev b e t a  p a r t i c l e  i n  

a i r  i s  about  12 f t . )  However, t h e  s h i e l d i n g  mater- 

ia l  used f o r  g a m a  r a d i a t i o n  w i l l  most l i k e l y  

( r e f l e c t ,  absorb,  scat ter)  a l l  of t h e  b e t a  r a d i a -  

t i o n  a l s o .  

When t r y i n g  t o  s h i e l d  a s o u r c e  of g a m a  photons of 

unknown energy, use  t h e  TVL f o r  t h e  gamma photons 

o f  t h e  most d i f f i c u l t  energy  t o  s h i e l d .  

16 

. . . . . . . . . . . . . . . 
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123. If you have a source  of unknown s t r e n g t h  i n  a s h i e l d  

and are t r y i n g  t o  estimate t h e  dose  rate from t h e  un- 

s h i e l d e d  source ,  you should remember t h e  fo l lowing  

t h i n g s .  

a. The maximum dose  r a t e  you can  d e t e c t  anywhere a t  

t h e  s h i e l d  s u r f a c e  should be used i n  any calcula- 

t ions .  

b .  Remember t h a t  when t h e  sou rce  i s  removed from t h e  

s h i e l d ,  t h e r e  may be a l a r g e  dose  rate due t o  b e t a  

p a r t i c l e s .  

c .  Remember t h a t  i f  you are us ing  t h e  TVL of l ead  f o r  

2-  t o  3-Mev gamma rays ,  t h e  s h i e l d  % b e  reducing  

t h e  dose  rate much more t h a n  you have c a l c u l a t e d ;  

t h e r e f o r e ,  t h e  dose r a t e  from t h e  unshie lded  source  

w i l l  be  h i g h e r  t h a n  you have e s t ima ted .  

The p r e c i s e  va lue  of t h e  r a d i a t i o n  dose  r a t e  a t  t h e  

s u r f a c e  of a s h i e l d  o r  carrier u s u a l l y  cannot  be 

measured because t h e  d e t e c t i n g  p a r t  of a r a d i a t i o n  

d e t e c t o r  may be as much as one o r  two inches  i n s i d e  

of t h e  d e t e c t i n g  in s t rumen t .  

d .  

124. We have now cons ide red  t h e  t h r e e  f a c t o r s  which can be 

used i n  reducing  t h e  r a d i a t i o n  dose  t o  t h e  human body. 

These f a c t o r s  are time, , and 

source  , 
d i f f e r e n t ,  
absorb  
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125, I n  a c t u a l  p r a c t i c e ,  i t  i s  n o t  always p r a c t i c a l  t o  pro- d i s  t ance,  
s h i e l d i n g  v i d e  a d d i t i o n a l  s h i e l d i n g  o r  t o  u s e  d i s t a n c e  t o  reduce  

t h e  dose  ra te .  Therefore ,  t o t a l  exposure  t o  i n d i v i d u a l s  

m u s t  be  l i m i t e d  by l i m i t i n g  t h e  i n d i v i d u a l ' s  exposure 

by a d m i n i s t r a t i v e  corztrol  measures.  (This 

i s  n e c e s s a r y  f o r  work i n  areas where, i n  s p i t e  of 

s h i e l d i n g ,  t h e  d o s e  r a t e  remains h igh . )  

126~ An area where a d m i n i s t r a t i v e  c o n t r o l  measures involve ,  t i m e  

p r i m a r i l y ,  t h e  l i m i t i n g  of exposure t o  e x t e r n a l  r a d i -  

a t i o n  i s  c a l l e d  a " r a d i a t i o n  zone"; t h e s e  measures are 

based, p r i m a r i l y ,  on l i m i t i n g  exposure t i m e  e 

127. The procedure f o r  marking and e s t a b l i s h i n g  r a d i a t i o n  

zones i s  i n d i c a t e d  i n  Table  11-10. 

Table  11-10. Procedure f o r  E s t a b l i s h i n g  R a d i a t i o n  Zones 

Dose Rate Range Immediate Act ion  Follow-up A c t i o n  

3 mrem/hr t o  Pos t  low- leve l  t a g s  if t h e  ac- P e r i o d i c  review.  
cumulated d a i l y  d o s e  t o  per -  
s o n n e l  may b e  20 m r e m .  

Post  warning s i g n s  o r  t a g s .  

6 mrem/hr 

6 mremlhr t o  Rope o f f  t h e  area i f  t h e  
1 rem/hr accumulated weekly 

dose  may be  1 r e m .  

1 t o  3 rem/hr  Pos t  warning s i g n s  o r  t a g s ;  Erect a b a r r i c a d e  which 
rope  o f f  * p r o v i d e s  a b s o l u t e  ex- 

c l u s i o n  of personnel  
i f  t h e  accumulated 
weekly d.ose i n  t h e  
area may be 12 r e m .  

Over 3 rem/hr Pos t  warning s i g n s ,  t a g s ,  and 
erect  a temporary b a r r i c a d e ;  
l o c k  and/or  b lock  a l l  e n t r i e s .  

Lock o r  b l o c k  e n t r a n c e .  
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- 
Since  t h e  procedures  ( s p e c i f y i n g  t h e  con- 
d i t i o n s  t h a t  govern  t h e  t y p e  of  a u t h o r i z a -  
t i o n  which i s  r e q u i r e d )  are s u b j e c t  t o  
change, t h e  c o n d i t i o n s  w i l l  n o t  be  d i s -  

- L cussed  here i n  d e t a i l .  

6 .7  S e l f  Tes t  

130.. A r a d i a t i o n  exposure  dose  can  be reduced by r educ ing  

e i t h e r  t h e  dose  o r  t h e  exposure  

(If you made a n  i n c o r r e c t  response ,  r e p e a t  Frame 19.)  

r a d i a t i o n  
zone, 

r e g u l a t i o n s ,  
R a d i a t i o n  

Work Permit  

128. Only t h o s e  pe r sons  who are a u t h o r i z e d  by s u p e r v i s i o n  

may e n t e r  a r a d i a t i o n  zone. 

s p e c i f y  t h a t  under  c e r t a i n  c o n d i t i o n s ,  t h i s  a u t h o r i z a -  

t i o n  may be  g i v e n  by r e g u l a t i o n s  which are pos t ed  a t  

t h e  e n t r a n c e  t o  a r a d i a t i o n  zone. Under o t h e r  con- 

d i t  ions ,  however, Labora to ry  p rocedures  r e q u i r e  t h a t  

a u t h o r i z a t i o n  must be  g i v e n  i n  w r i t i n g  i n  t h e  form of 

a R a d i a t i o n  Work Permi t .  

Labora to ry  procedures  

129. A u t h o r i z a t i o n  by s u p e r v i s i o n  i s  r e q u i r e d  f o r  i n d i v i d u a l s  

t o  e n t e r  a T h i s  a u t h o r i z a -  

t i o n  may (under c o n d i t i o n s  s p e c i f i e d  by Labora tory  pro- 

cedure )  be  g i v e n  by pos t ed  a t  

t h e  e n t r a n c e  o r  by a 

131. The r a d i a t i o n  exposure  t i m e  c a n  be  reduced  by c a r e f u l  

and complete  of t h e  work t o  be  done and 

rate, 
t i m e  

by u s i n g  s e v e r a l  i n  . ( I f  

you made an  i n c o r r e c t  response,  r e p e a t  Frames 21. th rough 

24.) - - - - - - -  
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132. Three methods by which t h e  r a d i a t i o n  dose  can  be mini -  

mized are 

(If you made a n  i n c o r r e c t  response ,  r e p e a t  Frames 25 

and 2 6 . )  

planning,  
p e r  sons,  
sequence 7 , and 

133. By u s i n g  s h i e l d i n g  material, i o n i z a t i o n  caused by r a d i -  d i s t a n c e  , 
t i m e ,  
s h  i e  Id  i ng 

a f i o n  w i l l  occur  i n  the 

and no t  i n  you. (If  you made a n  i n c o r r e c t  response ,  

r e p e a t  Frames 27 and 28.) 

134. The number of r a d i o a c t i v e  atoms and, consequent ly ,  t h e  

r a d i a t i o n  i n t e n s i t y  w i l l  d e c r e a s e  ( i f  no rep lacement  

i s  made) by a l l o w i n g  some t i m e  f o r  . ( I f  

you made a n  i n c o r r e c t  response ,  r e p e a t  Frame 29 . )  

s h i e l d i n g  
m a t  er  i a  1 

135. The f a r t h e r  w e  move away from a s o u r c e  of r a d i a t i o n ,  

t h e  (more, less) r a d i a t i o n  w e  w i l l  r e c e i v e .  Conse- 

quen t ly ,  w e  can reduce  t h e  dose  ra te  ( t o  which w e  are 

exposed) by i n c r e a s i n g  t h e  from t h e  

sou rce .  ( I f  you made a n  i n c o r r e c t  response ,  r e p e a t  

Frame 30.) 

decay 

136, The r a d i a t i o n  exposure  t i m e  can  be reduced by c a r e f u l  less, 
d i s t a n c e  and complete  and by u s i n g  s e v e r a l  

t o  complete  a job.  The dose  ra te  ( t o  

which you are exposed) can  b e  minimized by , 
, and decay . Reducing t h e  ex- 

posure  t i m e ,  t h e  dose  rate,  o r  bo th  w i l l  (reduce, i n -  

crease) t h e  exposure  dose .  ( I f  you made a n  i n c o r r e c t  

response ,  r e p e a t  Frames 31 and 3 2 . )  
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-137.. Where r a d i a t i o n  i s  involved,  you should  t a k e  advantage  planning,  
persons ,  
s h i e l d i n g ,  

t i m e ,  
r educe  

of  any s h i e l d i n g  a v a i l a b l e .  I f  t h e r e  i s  s h i e l d i n g  f o r  

o n l y  a p a r t  of your body, a t  least  a t t e m p t  d i s t a n c e ,  

body s h i e l d i n g .  (If you made an  i n c o r r e c t  response,  

r e p e a t  Frames 33 th rough 35.) 

.138,. S h i e l d i n g  charged r a d i a t i o n  may b e  accomplished by 

u s i n g  a t h i c k n e s s  of material s l i g h t l y  g r e a t e r  t h a n  

t h e  of t h e  r a d i a t i o n  i n  t h a t  material. (If 

you made a n  i n c o r r e c t  response,  repeat Frames 37 and 

38 . )  

p a r t i a l  o r  
some 

139. Although a 1 - M e V  b e t a  p a r t i c l e  w i l l  t r ave l  about  12 f t  

i n  a i r ,  w e  can  l i m i t  t h e  d i s t a n c e  a b e t a  p a r t i c l e  

t rave ls  from i t s  s o u r c e  by u s i n g  a t h i n  p i e c e  o f  mater- 

i a l  as . (If you made an i n c o r r e c t  

response,  repeat Frame 42.) 

range  

1&0., A t h i n  p i e c e  of aluminum used to s h i e l d  b e t a  r a d i a t i o n  

w i l l  a l s o  s h i e l d  o u t  any r a d i a t i o n .  (If 

you made a n  i n c o r r e c t  response,  r e p e a t  Frames 45 and 

46 .,) 

s h i e l d i n g  

141.  To s h i e l d  a l p h a  p a r t i c l e s ,  w e  can  u s e  bags,  c l o t h i n g ,  

g loves ,  wood, aluminum, g l a s s ,  e tc .  To s h i e l d  o r  ab- 

sorb b e t a  r a d i a t i o n ,  t h e  material w i l l  have t o  b e  

( t h i n n e r ,  t h i c k e r )  t h a n  t h a t  used f o r  a l p h a  r a d i a t i o n .  

(If  you made a n  i n c o r r e c t  response ,  r e p e a t  Frame 47 . )  

a l p h a  
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142. Uncharged r a d i a t i o n  (can, cannot )  p e n e t r a t e  d e e p l y  i n t o  

mat ter ;  t h e r e f o r e ,  it i s  (more, less) d i f f i c u l t  t o  

s h i e l d  t h a n  charged r a d i a t i o n .  ( I f  you made a n  i n c o r -  

rect  response,  r e p e a t  Frames 48 th rough 51.)  

t h i c k e r  

143.  I n  g e n e r a l ,  t h e  t h i c k n e s s  o f  s h i e l d i n g  material re- can, 
more 

q u i r e d  w i l l  depend upon i t s  d e n s i t y .  Greater t h i c k -  

n e s s  i s  r e q u i r e d  f o r  a l e s s  material. 

(If  you made a n  i n c o r r e c t  response,  r e p e a t  Frames 53 

and 54. )  

144. The TVL of l e a d  f o r  s h i e l d i n g  2- t o  3-Mev gamma r a d i -  

a t i o n  i s  2 i n c h e s ,  The HVL of l e a d  i s  about  

of t h e  TVL v a l u e .  

r e p e a t  Frames 54 and 55 , )  

(If  you made a n  i n c o r r e c t  response,  

145, A d o s e  ra te  of LOO mradlhr  (due t o  2- t o  3-Mev gamma 

r a d i a t i o n )  can be  reduced t o  1 mradlhr  by u s i n g  

i n c h e s  o f  lead ,  which i s  e q u i v a l e n t  t o  TVL 

t h i c k n e s s e s ,  ( I f  you made a n  i n c o r r e c t  response,  re- 

p e a t  Frames 56 through 59.)  

146, A d o s e  ra te  of 20 mrad/hr  (due t o  2- t o  3-Mev gamma 

r a d i a t i o n )  can be reduced t o  5 mradlhr  by u s i n g  

HVL, or i n c h e s  of l e a d .  (If you made an ineor- 

rect  response ,  r e p e a t  Frame 60.)  

dense  

0.3 

4 ,  
2 
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2, 1 4 j r  One TVL w i l l  r educe  a dose  ra te  of 20 r a d / h r  t o  

r a d l h r .  I n  t h e  equat ion ,  R O ( - Y  = R1, what does x 1 . 2  

represent? What does R 1  r e p r e s e n t ?  (If you made a n  

i n c o r r e c t  response ,  r e p e a t  Frames 6 1  and 62.)  

_I_ 

t o  Frame 148: 

x = number of TVL used 
R1 = l e v e l  t o  which t h e  i n i t i a l  r a d i ,  

a t i o n  i n t e n s i t y  i s  reduced 

'148. If R, = 1000 r ad /h r ,  and w e  use 3 TVL, c a l c u l a t e  R1 

u s ing  t h e  e q u a t i o n  RL = R (If you made a n  in- 

c o r r e c t  response,  r e p e a t  Frame 6 3 . )  

1&g6 If R, = 1000 rad /h r ,  and w e  use  3 HVL, c a l c u l a t e  R1. R 1  = I. 
r a d / h r  (If you made an i n c o r r e c t  response,  repeat.  Frames 64 

and 65.) 

150. The p rocess  by which a r a d i o a c t i v e  atom g e t s  r i d  of 

excess energy  and becomes more s t a b l e  i s  known as r a d i o -  

a c t i v e  e By a l lowing  some decay t ime, 

t h e  number of r a d i o a c t i v e  atoms and, consequent ly ,  t h e  

r a d i a t i o n  i n t e n s i t y  w i l l  ( i nc rease ,  d e c r e a s e ) .  ( I f  you 

made an  i n c o r r e c t  response ,  repeat Frames 7 1  through 76.)  

125 r a d / h r  

151. The t i m e  necessa ry  for 50% (1 /2)  of t h e  r a d i o a c t i v e  decay, 
decrease atoms t o  decay i s  r e f e r r e d  t o  as t h e  

(T1/2) of t h a t  p a r t i c u l a r  i s o t o p e .  ( I f  you made a n  

i n c o r r e c t  response,  r e p e a t  Frame 77.) 
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152, I f  a r a d i a t i o n  dose  rate i s  40 mrad/hr  a t  1 : O O  p.m. and h a l f  -1 i f  e 

a t  3:OO p.m. t h e  dose  r a t e  i s  10 mrad/hr,  what i s  t h e  

h a l f - l i f e  of t h a t  sou rce  o f  r a d i a t i o n ?  ( I f  you made an 

i n c o r r e c t  response ,  r e p e a t  Frames 80 through 86.) 

153. A t  t h e  end of one h a l f - l i f e  t h e  r a d i a t i o r !  i n t e n s i t y  1 hour 

w i l l  d e c r e a s e  t o  % of i t s  o r i g i n a l  va lue .  (If 

you made a n  i n c o r r e c t  response ,  r e p e a t  Frame 91.)  

154. I f  t h e  h a l f - l i f e  of  t h e  i s o t o p e  i n  a r a d i a t i o n  source  50 

i s  e q u a l  t o  1 month, then. w e  (can, cangot) expec t  a 

s i g n i f i c a n t  d e c r e a s e  i n  t h e  r a d i a t i o n  i n t e n s i t y  from 

t h e  s o u r c e  a t  t h e  end of  1 hour  of  decay  t i m e .  (If 

you made an  i n c o r r e c t  response ,  r e p e a t  Frame 94.) 

cannot  155. I f  t h e r e  are two r a d i o i s o t o p e s  i n  a r a d i a t i o n  source,  

t h e  r a d i a t i o n  i n t e n s i t y  due t o  t h e  s o u r c e  w i l l  be  e q u a l  

t o  ( t h a t  due  t o  t h e  most r a p i d l y  decaying  i so tope ,  t h e  

sum of  t h e  two). 

repeat Frames 95 and 96.) 

( I f  you made an i n c o r r e c t  response ,  

156. The dose  ra te  f rom a r a d i a t i o n  source  w i l l  be  less a t  t h e  sum 

(4  feet ,  5 f e e t )  from t h e  sou rce  because  t h e  same 

amount of  r a d i a t i o n  must be  sp read  ove r  a 

area. (If you made a n  i n c o r r e c t  response ,  repea.t 

Frames 97 through 102.)  

of  t h e  
two 
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157. For a p o i n t  s o u r c e  of r a d i a t i o n ,  t h e  equat ion ,  5 f e e t ,  

R1(d1)2 = R2(d2)2 can  be used t o  c a l c u l a t e  r a d i a t i o n  

d o s e s  a t  v a r i o u s  d i s t a n c e s .  I f  a t  a d i s t a n c e  of 2 f t  

t h e  dose  ra te  i s  100 mrad/hr, t h e n  a t  a d i s t a n c e  of 

10 f t ,  t h e  dose  rate w i l l  be  e q u a l  t o  mrad/hr  e 

( I f  you made a n  i n c o r r e c t  response ,  r e p e a t  Frames 102 

and 103.) 

l a r g e r  

1 5 g p  The e q u a t i o n  R1(d1)2 = R2(d2)2 i s  sometimes r e f e r r e d  4 

t o  as t h e  

e q u a t i o n  because t h e  dose  ra te  i s  i n v e r s e l y  p r o p o r t i o n a l  

t o  t h e  s q u a r e  of t h e  d i s t a n c e  from t h e  s o u r c e .  ( I f  you 

made a n  i n c o r r e c t  response ,  r e p e a t  Frames 104 and 105.) 

II 

159,  I f  Rl  = 144 mrad/hr a t  a d i s t a n c e  o f  1 f t  from a p o i n t  

source :  t h e  dose  r a t e  a t  2 f e e t  i s  mrad / h r  ; 

t h e  dose  ra te  a t  3 f ee t  i s  mrad/hr  ; 

i n v e r s e  
square  
1 a w  

t h e  dose  rate a t  4 f e e t  i s  mrad/hr.  

( I f  you made a n  i n c o r r e c t  response,  r e p e a t  Frames 106 

and 107.)  

36, 
16, 

160. The more d i s t a n c e  t h e r e  i s  between you and t h e  s o u r c e  

9 
of r a d i a t i o n ,  t h e  (more, less) r a d i a t i o n  you w i l l  

r e c e i v e .  That is, t h e  r a d i a t i o n  i n t e n s i t y  i s  less 

t h e  ( c l o s e r ,  f a r t h e r )  you are t o / f r o m  t h e  s o u r c e .  ( I f  

you made a n  i n c o r r e c t  response ,  repeat Frames 107 and 

108. ) 
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161.. Because of t h e  geometry e f f e c t ,  t h e  r a d i a t i o n  dose  less, 
rate d e c r e a s e s  as t h e  from t h e  s o u r c e  f a r t h e r  

because  t h e  r a d i a t i o n  i s  s p r e a d  o u t  

over  a l a r g e r  . ( I f  you made a n  i n c o r r e c t  

response,  r e p e a t  Frame 111.) 

162, I f ,  for a p o i n t  s o u r c e  of g a m a  r a d i a t i o n ,  t h e  d o s e  d i s t a n c e  , 
i n c r e a s e s  , 
area r a t e  a t  a d i s t a n c e  of 1 f t  i s  1 r a d / h r ,  

t h e  dose  rate a t  18 i n .  = mradlhr  ; 

t h e  d o s e  rate a t  2 f t  =: m r  ad / h r  ; 

t h e  dose  r a t e  a t  180 i n . =  mradlhr  

I f  3 TVL of s h i e l d i n g  are used, t h e  r a d i a t i o n  a t  a d i s -  

t a n c e  of 1 f t  from t h e  s o u r c e  i s  mrad / h r  . 
( I f  you made a n  i n c o r r e c t  response,  r e p e a t  Frames 117  

and 118.) 

163, A u t h o r i z a t i o n  by s u p e r v i s i o n  i s  r e q u i r e d  f o r  i n d i v i d u a l s  444, 
250 , . T h i s  a u t h o r -  
4.4,  t o  e n t e r  a 

i z a t i o n  may (under c o n d i t i o n s  s p e c i f i e d  by Labora tory  1 

procedure)  b e  g i v e n  by pos ted  a t  

t h e  e n t r a n c e  o r  by a 

(If you made a n  i n c o r r e c t  response,  r e p e a t  Frames 122 

through 127 .) 

r a d i a t i o n  
zone , 

r e g u l a t i o n s ,  
R a d i a t i o n  

Work Permit  
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SECTION 11-7 

RADIOACTIVE CONTAMINATION - PROTECTIVE MEASURES 

I n  t h i s  s e c t i o n  w e  s h a l l  d i s c u s s  t h e  methods you can use  

t o  prevent  r a d i o a c t i v e  material from g e t t i n g  i n t o  your  body. 

I n  p a r t i c u l a r ,  w e  s h a l l  d i s c u s s  t h e  h a z a r d s  due t o  r a d i o -  

a c t i v e  contaminat ion .  

7 . 1  Review 

1. R a d i o a c t i v e  mater ia l  which r e s u l t s  i n  a s t a t e  of i m p u r i t y  

i s  c a l l e d  r a d i o a c t i v e  . T h i s  

material  i s  a s o u r c e  of , as i s  a l l  

r a d i o a c t i v e  material .  ( S e c t i o n  11-2, Frames 34 th rough 

37.) 

2 .  R a d i o a c t i v e  contaminat ion  which can. be e a s i l y  spread  o r  contaminat  ion,  
r a d i a t i o n  t r a n s f e r r e d  i s  c a l l e d  r a d i o a c t  i v e  

contaminat ion .  That  which cannot  be so  e a s i l y  spread  i s  

c a l l e d  r a d i o a c t i v e  contaminat ion .  

( S e c t i o n  11-2, Frames 28 through 40.)  

3 .  You might have a source  of r a d i a t i o n  w i t h o u t  having any t r a n s f e r a b l e ,  
nont rans-  

r a d i o a c t i v e  contaminat ion .  Can you have r a d i o a c t i v e  con- f e r a b  le 

t a m i n a t i o n  w i t h o u t  having  any r a d i a t i o n ?  (Yes, No) 

( S e c t i o n  11-2, Frames 48 th rough 62 . )  

4 .  A c u r i e  i s  a q u a n t i t y  of r a d i o a c t i v e  m a t e r i a l  i n  which N o  

3 . 7  x 1010 atoms every  second. (Sec- 

t i o n  11-4, Frames 7 th rough 11.) 
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5. The a b b r e v i a t i o n  dpm (d/m) s t a n d s  f o r  

; t h e  a b b r e v i a t i o n  cpm (c/m) s t a n d s  

f o r  . (Sec t ion  11-4, 

Frames 1 2  through 18 . )  

6 .  Which k ind  of charged r a d i a t i o n  (alpha,  b e t a )  cannot  com- 

p l e t e l y  p e n e t r a t e  t h e  o u t e r  p r o t e c t i v e  l a y e r  of human 

s k i n ?  Which k ind  of charged  r a d i a t i o n  i s  capab le  of pro-  

duc ing  s e r i o u s  burns  deep  i n t o  s k i n  t i s s u e ?  ( S e c t i o n  

11-5, Frames 1 7  th rough 20.) 

7 .  Alpha p a r t i c l e s  and b e t a  p a r t i c l e s  from i n t e r n a l  sou rces  

might g i v e  up a l l  of t h e i r  energy  t o  v i t a l  t i s s u e s  and 

organs  of t h e  body. Therefore ,  r a d i a t i o n  from sources  

i n s i d e  t h e  body causes  more ( d i s i n t e g r a t i o n s ,  damage). 

(Sec t ion  11-5, Frames 2 1  and 22.) 

8.  I f  a r a d i a t i o n  source  g e t s  i n s i d e  t h e  body, exposure  w i l l  

l a s t  f o r  (8, 24) hour s  a day.  (Sec t ion  11-5, Frames 24 

and 25.) 

9 .  I f  a r a d i a t i o n  source  i s  o u t s i d e  t h e  body, you w i l l  be  

exposed t o  only  a f r a c t i o n  of t h e  t o t a l  r a d i a t i o n  e m i t t e d  

by t h a t  sou rce  due t o  t h e  geometry e f f e c t  (as w e l l  as t o  

t h e  dec reased  exposure  t i m e ) .  I f  t h e  r a d i a t i o n  source  

g e t s  i n s i d e  t h e  body, you w i l l  be  exposed t o  % of 

t h e  r a d i a t i o n  emi t t ed  by t h e  sou rce .  

Frame 26 . )  

( S e c t i o n  11-5, 

d i s i n t e g r a t e  
o r  decay 

d i s  i n t e g r a -  
t i o n s  pe r  
minute,  

coun t s  per  
minute  

a lpha ,  
b e t a  

damage 

24 
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10. Another f a c t o r  which makes some r a d i o a c t i v e  material 

more hazardous when i n s i d e  t h e  body i s  i l l u s t r a t e d  by 

i o d i n e  which h a s  a tendency t o  i n  t h e  

t h y r o i d  g land .  ( S e c t i o n  11-5, Frames 27 and 28 . )  

100 

11. L i s t  t h r e e  ways by which s o u r c e s  of r a d i a t i o n  can g e t  

i n t o  t h e  body. ( S e c t i o n  11-5, Frame 29 . )  

12 .  You can  and should l i m i t  t h e  amount of r a d i o a c t i v e  

material  g e t t i n g  i n t o  t h e  body by e x e r c i s i n g  e f f e c t i v e  

measures.  ( S e c t i o n  11-5, Frames 30 and 

31.) 

13. The p r o c e s s  by which a r a d i o a c t i v e  atom g e t s  r i d  of 

excess energy and becomes more s t a b l e  by e m i t t i n g  r a d i -  

a t i o n  i s  known as r a d i o a c t i v e  . By a l l o w i n g  

some decay t i m e  and, i f  no new r a d i o a c t i v e  atoms are 

produced, t h e  number of r a d i o a c t i v e  atoms i n  a r a d i a t i o n  

s o u r c e  and, consequent ly ,  t h e  r a d i a t i o n  i n t e n s i t y  due t o  

t h e  s o u r c e  w i l l  ( i n c r e a s e ,  d e c r e a s e ) .  ( S e c t i o n  IT-6 ,  

Frames 7 1 through 78  .) 

14, We should review t h e  meaning of t h e  term “ r a d i o a c t i v e  

contaminat ion” .  R a d i o a c t i v e  contaminat ion  i s  r a d i o a c t i v e  

material which r e s u l t s  i n  a s ta te  of i m p u r i t y  (or  t h e  

c o n d i t i o n  which r e s u l t s  from t h e  presence  o f  a r a d i o a c -  

t i v e  i m p u r i t y ) .  The i m p u r i t y  may be mixed w i t h  t h e  

mater ia l  which it contaminates  o r  may be only on t h e  

s u r f a c e .  

ac cumu 1 a t  e 
c o l l e c t ,  o r  
c o n c e n t r a t e  

b r e a t  himg , 
e a t i n g ,  
d r  i n k i n g  , 
smoking, 
wounds 

cont  r o 1 

decay, 
d e c r e a s e  
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15. I n  o t h e r  words, r a d i o a c t i v e  contaminat ion  i s  r a d i o a c t i v e  

material which h a s  been d e p o s i t e d  i n  any p l a c e  where i t  

i s  n o t  d e s i r e d  and p a r t i c u l a r l y ,  any p l a c e  where i t s  

presence  may be ( d e s i r a b l e ,  harmful,  of no consequence) .  

16. R a d i o a c t i v e  material i s  n o t  r a d i a t i o n ;  i t  i s  a s o u r c e  of 

r a d i a t i o n .  So, r a d i o a c t i v e  contaminat ion  i s  a 

of 

- - - - - - -  

7.2  R a d i o a c t i v e  Contaminat ion ( S o l i d ,  L iquid ,  and Gaseous) 

1 7 .  R a d i o a c t i v e  mater ia l  may be i n  t h e  form of a s o l i d ,  

l i q u i d ,  o r  gas; t h e r e f o r e ,  r a d i o a c t i v e  contaminat ion  may 

be i n  t h e  form of a 2- 

18. Examples of r a d i o a c t i v e  contaminat ion  i n  t h e  s o l i d  form 

are r a d i o a c t i v e  d u s t ,  metal l ic  c h i p s  o r  f i l i n g s ,  o r  v e r y  

small s o l i d  p a r t i c l e s .  R a d i o a c t i v e  contaminat ion  i n  

t h e  s o l i d  form may be s o  small i n  s i z e  t h a t  i t  cannot  

be s e e n  w i t h  t h e  naked eye.  Larger  o b j e c t s  could a l s o  

be cons idered  as being  r a d i o a c t i v e  

i n  t h e  form. 

-----e- 

19. However, when a s o l i d  p i e c e  o f  r a d i o a c t i v e  material i s  

l a r g e  enough t h a t  you can  l o c a t e  i t  f a i r l y  e a s i l y  and 

s h i e l d  it or  d i s p o s e  of i t ,  it i s  u s u a l l y  n o t  thought  

of as "contamination.". But, i t  w i l l  s t i l l  be a s o u r c e  

harmf u 1 

source,  
r a d i a t i o n  

s o l i d ,  
l i q u i d ,  
g a s  

contaminat  ion, 
s o l i d  
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20. So, you s e e  w e  cannot  u s e  s i z e  a l o n e  t o  s e p a r a t e  r a d i -  r a d i a t i o n  

a t i o n  s o u r c e s  and r a d i o a c t i v e  con tamina t ion  i n  t h e  s o l i d  

form. Usually,  con tamina t ion  i n  t h e  s o l i d  form i s  

thought  o f  as r a d i o a c t i v e  p a r t i c l e s  t h a t  cannot  be  s e e n  

w i t h  t h e  naked eye  and can  be found on ly  w i t h  r a d i a t i o n -  

d e t e c t i o n  i n s t r u m e n t s .  

2 1 .  S o l i d  p a r t i c u l a t e  r a d i o a c t i v e  con tamina t ion  i s  u s u a l l y  

found by one of two methods. The f i r s t  i s  t o  ho ld  t h e  

probe of a d e t e c t i o n  in s t rumen t  ve ry  n e a r  t h e  s u r f a c e  

t o  be checked and move it  s lowly  over t h e  s u r f a c e  w h i l e  

watching  t h e  meter  f o r  a s i g n  of r a d i a t i o n .  The o t h e r  

i s  t o  r u b  a s m a l l  p i e c e  of f i l t e r  paper  (about  2 i n .  

diam) over  a small area (about 4 i n .  by 4 i n . )  of t h e  

s u r f a c e  and t h e n  use  a d e t e c t i o n  in s t rumen t  t o  see i f  

r a d i o a c t i v e  material has  been t r a n s f e r r e d  t o  t h e  f i l t e r  

pape r .  Th i s  l a s t  t echn ique  i s  c a l l e d  making a "smear" 

t e s t .  

2 2 .  The smear t e c h n i q u e  w i l l  i n d i c a t e  t h a t  t h e  r a d i o a c t i v e  

con tamina t ion  i s  ( t r a n s f e r a b l e ,  n o n t r a n s f e r a b l e ) .  

23 .  I f  t h e  r a d i o a c t i v e  con tamina t ion  i s  n o n t r a n s f e r a b l e ,  t r a n s f e r  - 
ab  l e  t h e  probe t e c h n i q u e  ( w i l l ,  w i l l  n o t )  be more e f f e c t i v e  

t h a n  t h e  smear t echn ique .  

2 4 .  I f  an  area i s  smeared and t h e  f i l t e r  p a p e r s  show no 

r a d i o a c t i v e  ccmtaminat ion,  t h i s  ( i s ,  i s  n o t )  proof  t h a t  

t h e  a r e a  has  no r a d i o a c t i v e  con tamina t ion .  

w i l l  
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25. R a d i o a c t i v e  contaminat ion  i n  t h e  l i q u i d  form may be con- i s  not  

s i d e r e d  as s m a l l  r a d i o a c t i v e  p a r t i c l e s  (atoms) i n  chem- 

ical  s o l u t i o n s ,  c l e a n i n g  s o l u t i o n s ,  water, e tc .  To g i v e  

you a n  i d e a  of contaminat ion  ( n o n r a d i o a c t i v e )  i n  t h e  

l i q u i d  form, l e t  us  suppose someone poured a l i t t l e  water 

i n t o  your  a u t o m o b i l e ' s  g a s o l i n e  t a n k .  Then you would 

c o n s i d e r  your  g a s o l i n e  t o  be contaminated w i t h  water. 

On t h e  o t h e r  hand, i f  someone poured a l i t t l e  g a s o l i n e  

i n t o  your  a u t o m o b i l e ' s  r a d i a t o r ,  

your  r a d i a t o r  water t o  be contaminated w i t h  g a s o l i n e .  

you would c o n s i d e r  

26 

27 

A l i q u i d  t h a t  i s  contaminated w i t h  r a d i o a c t i v e  material 

(water  samples i n  t es t  t u b e s )  i s  easier t o  check f o r  

(a lpha,  b e t a )  r a d i a t i o n  because p a r t i c l e s  

would probably  have a s h o r t e r  range  t h a n  t h e  t h i c k n e s s  

of t h e  t es t  rube .  

Gaseous contaminat ion  may be thought  of as r a d i o a c t i v e  

material which i s  f l o a t i n g  i n  t h e  a i r - - n o t  s o l i d  o r  

l i q u i d .  

t h i n k  of y o u r s e l f  as having walked i n t o  a room where 

ammonia h a s  a c c i d e n t a l l y  been r e l e a s e d .  You can smell  

it; a n d , i f  t h e  c o n c e n t r a t i o n  i s  h i g h  enough, you can  see 

a foggy vapor .  The ammonia i s  gaseous i n  form, and it  

h a s  t h e  f r e s h  a i r  i n  t h e  room. Un- 

f o r t u n a t e l y ,  you cannot  s m e l l  o r  see r a d i o a c t i v e  mater- 

i a l  o r  contaminat ion .  The o n l y  way you can  t e l l  r a d i o -  

a c t i v e  material OK contaminat ion  i s  p r e s e n t  i s  t o  d e t e c t  

t h e  r a d i a t i o n  from it w i t h  a r a d i a t i o n - d e t e c t i o n  i n s t r u -  

ment. (For very  l a r g e  r a d i a t i o n  doses ,  you would f e e l  

t h e  a f t e r  e f f e c t s ;  bu t  t h e s e  u s u a l l y  occur  hours ,  days,  

o r  weeks a f t e r  t h e  exposure.  A d o s e  l a r g e  enough f o r  t h e  

e f f e c t s  t o  be  f e l t  immediately i s  u s u a l l y  fa ta l .  

b e t a ,  
a l p h a  

To g i v e  you a n  i d e a  of gaseous contaminat ion,  
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28.  The s p e c i a l  containment  f e a t u r e s  of b u i l d i n g s  c o n t a i n i n g  contaminated 

n u c l e a r  r e a c t o r s  are  des igned  t o  keep 

r a d i o a c t i v i t y  from s p r e a d i n g .  

29. The v e r y  n a t u r e  of a n u c l e a r  r e a c t o r  f a c i l i t y  makes it gaseous 

n e c e s s a r y  f o r  o p e r a t o r s  t o  be c o n s t a n t l y  on t h e  a l e r t  

f o r  r a d i o a c t i v e  c o n t a m i n a t i o n  i n  a l l  t h r e e  forms: 

? , and 

- - - - - - -  

30. A s  you recal l ,  s h e  p r i n c i p a l  hazard  a s s o c i a t e d  w i t h  s o l i d ,  
1 i q u  i d ,  
gaseous t r a n s f e r a b l e  r a d i o a c t i v e  contaminat ion  i s  t h a t  i t  c a n  

e a s i l y  e n t e r  t h e  body, and t h e  damage i t  can c a u s e  i s  

much g r e a t e r  when i t  i s  i n  t h e  body t h a n  when i t  i s  out- 

s i d e  t h e  body. 

31. Thus, t h e  g r e a t e s t  e f f o r t s  should  be d i r e c t e d  toward 

keeping r a d i o a c t i v e  contaminat ion  of  any k ind  from 

coming i n  c o n t a c t  w i t h  t h e  body and e s p e c i a l l y  from 

t h e  body 

32.  While n o n t r a n s f e r a b l e  r a d i o a c t i v e  contaminat ion  i s  less e n t e r i n g  

hazardous t h a n  t r a n s f e r a b l e ,  it i s  s t i l l  a s o u r c e  of 

and, as such> it i s  a hazard .  

- - - - - - -  

33. Also ,  under  c e r t a i n  c o n d i t i o n s ,  n o n t r a n s f e r a b l e  r a d i o -  r a d  ia  t i o n  

act ive contaminat ion  may become i f  t h e  

c o n d i t i o n s  of i t s  containment  change. 

t r a n s f e r a b l e  
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7.3 Contamination, Surface and Airborne 

3 4 .  

35. 

3 6 .  

37 .  

38 .  

However, a s  long as the radioactive contamination is of 

the nontransferable type, it is no great hazard. For 

this reason we shall concern ourselves, hereafter, with 

the transferable type; and we shall identify it as 

either surface or airborne contamination. 

Surface contamination is simply contamination which is 

on the surface of objects such as on table tops, floors, 

too ls ,  walls, or human bodies. Surface contamination 

may be in either solid or form. 

Contamination which is in the air is not 

contamination, but it is contaminat ion,. 

Airborne contamination may be in a gaseous form or it 

may be in the form of very small solids (particles) 

which are floating in the air. Radiation from this 

small solid-particle form of airborne contamination is 

often referred to as "particulate activity". 

If a surface is contaminated by a very fine powder which 

is radioactive, air currents (caused by fans or by 

sweeping with a broom) will cause some of the surface 

contamination to become 

liquid 

surf ace, 
airborne 
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3 9 .  Whenever a certain amount of this contamination gets on airborne 
contamin- 
ation the surface of an object, measures must be taken to pre- 

vent it from being (spread, radioactive). 

40. This action may include marking off the area (with signs spread 

and ropes) and controlling entrance into (and exit from) 

the area. It will certainly include starting a decon- 

tamination (clean.-up) program. These things are done to 

minimize the hazard to personnel by preventing the con- 

tamination from being to uncontrolled 

areas and so that everyone will know that the area is 

41. The signs, ropes, decontamination procedures, etc., spread, 
co nt am in at ed serve two purposes. They minimize the hazard to all 

personnel by letting them know that the area is 

, and they also prevent the con- 

tamination from being 

areas. 

- to uncontrolled 

7.4 Contamination Zones 

42 .  When a surface becomes contaminated above a specified 

amount, signs and ropes are put up to inform everyone 

that the area is contaminated and that precautions must 

be taken to prevent the contamination from being spread. 

An area which is marked off by signs and ropes because 

of contamination is called a zone a 

contaminated, 
spread 
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43 .  A "contamination zone" is defined as an area where con.- contaminat i o n  

trol measures are established to prevent contamination 

from being spread to other areas. A person entering a 

contamination zone must take precautions to prevent the 

material from getting either on or 

inside his body. 

4 4 .  Earlier we discussed a number of ways that radioactive radioactive 

material could get inside your body. If you consider 

the ways again, it is obvious why ? 

9 or  are forbidden in 

a contamination zone. 

45.  Table 11-11 lists the surface contamination levels at eating , 
which contamination. zones are to be established. drinking, 

smoking 

Table 11-11. Guide f o r  Establishment of Contamination Zones 

Type of Direct Reading (Probe) Transferable (Smear) 
Radiation Surface Contamination Surface Contamination 

Alpha 

Bet a- g amma 

2 
300 d/m per 100 cm2 

0.25 mrad/hr 

30 d/m per 100 cm 

1000 d/m per 100 cm2 

4 6 .  A contamination zone is established if the alpha surface 

test is 30 d/m per 100 ~ n - i ~ ~  contamination by 
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47. Roughly, 100 cm2 is an area about one-fourth the size smear 

of this sheet of paper. 

4 8 .  The d/m per 100 cm2 necessary to establish a contamina- 

tion zone is much (smaller, larger) for alpha than it 

is for beta-gama. 

4 9 .  One reason beta and gamma radiation can be evaluated 

together is that the RBE of each is (1, 2.5, 5, 10). 

sma 1 ler 

50. If a surface is checked by probe for beta-gamma contam- 1 

ination and the instrument reads about 

a contamination zone must be set up. 

mrad / hr, 

51. If a smear is taken of a table top in an experiment room 0.25 

and the smear reads 2000 d/m beta-gamma and 20 d/m alpha, 

it (isJ is not) necessary to set up a contamination zone. 

52. A G-M survey meter will respond only t o  (alpha, beta- is 

gama, fast neutrons, thermal neutrons). 

53. We mentioned earlier that one method of determining the bet a-gamma 

transferable surface contamination level is by wiping a 

smear pad (piece of filter paper) over an area 4 in. x 

4 in. (100 cm2)and then. determining the number of atoms 

on that smear paper which disintegrate (decay) per minute, 
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54. Do not be confused by the units used for allowable 

levels for contamination involving alpha radiation. 

Even though both the levels determined by direct read- 

ings and by smear techniques are stated in d/m per 100 
2 cm , there is no simple, direct reason why they differ 

by a factor of 10. (Among other things, different 

detection instruments are used; smears will pick up 

only a part of the transferable contamination on the 

100 cm2; and nontransferable contamination may con- 

tribute to the direct reading.) 

55. Note that for transferable alpha contamination, a con- 

tamination zone is established when the level is 30 

in one minute over an area 

of 100 cm2. 

56. A contamination zone is established for alpha contamin- disinte- 
grat ions ation at a lower level than for beta (or gamma) contam- 

ination because (alpha, beta) is more damaging if it is 

ingested. 

57. If you should approach a contamination zone and the alpha 

signs indicate that transferable beta and/or gama con- 

tamination is in the zone, then you should know that 

the surface contamination level may be at least 

disintegrations/min per 100 cm . 2 

1000 
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7.5 Contamination Clothing 

58. When work must be done in a contamination zone, two 

things are important to keep in mind. 

1. Dress so that your body is protected both extern- 

ally and internally from the contamination. 

2 .  Take every precaution to see that the contamination 

is not spread outside the zone. 

59. If work has to be performed in a contamination zone, it 

may be necessary to remove your unmarked coveralls or 

street clothing and put on a clean pair of coveralls 

labeled with the word COMTAMINA.TION. You must wear 

contamination clothing when you enter (and as long as 

you are in) a , or when- 
ever you are working with contaminated material. 

- - - - - - -  

60. Contamination coveralls are worn in a contamination contamination 
zone zone for two reasons. First, they are worn to prevent 

the wearer's skin from becoming contaminated; and sec- 

ond, they are worn for better control of the clothing 

in order to restrict the spread of contamiaation. (For 

example, contamination clothing will, most likely, not 

be laundered with other clothing.) 

61.  The primary reason for wearing contamination clothing 

is to prevent the wearer's (coveralls, skin) from 

becoming 
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62. It i s  t r u e  t h a t  s t r ee t  c l o t h e s  and o r d i n a r y  c o v e r a l l s  sk in ,  
contaminated 

may o f f e r  as much p r o t e c t i o n  as con tamina t ion  cover -  

a l l s .  However, s t r ee t  c l o t h e s ,  unknowingly contamina- 

t ed ,  could  be  worn t o  p l a n t  c a f e t e r i a s  o r  homes; o rd in -  

a r y  c o v e r a l l s ,  unknowingly contaminated,  could  be  worn 

o u t s i d e  t he  c o n t r o l l e d  areas i n t o  o f f i c e s  and lunch  

rooms, T h i s  would spread  r a d i o a c t i v e  contaminat ion  i n t o  

t h e s e  p l a c e s .  

6 3 .  Other  con tamina t ion  zone c l o t h i n g  which may be  require .d ,  

depending on t h e  t y p e  of r a d i a t i o n  and t h e  j o b  t o  be 

done, may i n c l u d e  rubbe r  boots ,  p l a s t i c  b o o t i e s ,  rubber  

(or  c o t t o n )  g loves ,  caps, canvas hoods, and f a c e  masks. 

A l i s t  of r e q u i r e d  contaminat ion  c l o t  
f o r  g e n e r a l  work should  be. pos t ed  a t  the c e n t r a n c e  t o  each  con.taminat ion  zone. 

64. S i n c e  con tamina t ion  c o v e r a l l s  are p l a i n l y  marked, i t  i s  

easier  t o  p reven t  t h e  of 

by c o n t r o l l i n g  t h e  hand l ing  of t h i s  special c l o t h i n g .  

65. So when t h e r e  i s  work t o  be  done which i n v o l v e s  contam- spread,  
contaminat ion  

i n a t i o n ,  s t reet  c l o t h e s  o r  unmarked c o v e r a l l s  should  be  

r e p l a c e d  w i t h  c o v e r a l l s .  
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66. I Two pairs of coveralls should be worn in a contamination 

zone where the contamination level may be high or where 

alpha-emitting contamination is difficult to detect once 

it is embedded in the cloth.) The outer pair of cover- 

alls is removed immediately upon leaving the contamina- 

tion zone to prevent the contamination. 

contamina- 
t ion 

67. All persons exiting from, and equipment being removed spread iag 

from, any contamination zone must always be checked for 

contamination with a radiation-detection instrument. 

This helps prevent the spread of radioactive material 

to areas outside the 

68. Similarly, equipment transferred between supposedly zone or COQ- 
tamination 
zone 

clean areas is also checked (by Health Physics person- 

nel) and given a green tag which indicates that the 

equipment is not 

69. When work in a contamination zone is finished, the eon- contaminated 

tamination coveralls should be left in laundry bags 

either in the zone or in a controlled 

area. 

contaminat ion 
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7 . 6  Regula ted  Zones 

70 .  The c o n t r o l l e d  area w e  have been t a l k i n g  about  i s  gen- 

e r a l l y  r e f e r r e d  t o  as a " r e g u l a t e d  zone". A r e g u l a t e d  

zone ( see  F igu re  1 1 - 2 4 )  i s  an a r e a  where o p e r a t i o n s  are  

r e s t r i c t e d  f o r  che  purpose of (des t roy ing ,  c o n t r o l l i n g ,  

producing)  r a d i o a c t i v e  con t  aniinat i o n .  

7 1 .  Regula ted  zones are e s t a b l i s h e d  f o r  t h e  convenience o f  c o n t r o l l i n g  

employees whose work r e q u i r e s  them t o  e n t e r  contamina- 

tion zones f r e q u e n t l y ;  t h e s e  zones make f r e q u e n t  and 

inconvenient  c l o t h i n g  changes unnecessary .  

7 2 .  A r e g u l a t e d  zone may c o n t a i n  r a d i a t i o n  zones,  contamina- 

t i o n  zones,  o r  b o t h ;  i t  may range  i n  size from a very  

s m a l l  area t o  a l a r g e  area encompassing s e v e r a l  b u i l d -  

i n g s .  (F igure  11-24 should g i v e  you a b e t t e r  i d e a  of 

t h e  d i f f e r e n c e  between t h e  r e g u l a t e d ,  r a d i a t i o n ,  and 

con tamina t ion  zones.)  

ZONED AREAS RADIATION HAZARD d EXPOSURE CONTROL 

...................... ~...~ 

F i g .  11-24.  
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73. Contamination-zone c l o t h i n g  may be  worn on ly  i n  a con- 

t a m i n a t i o n  zone o r  a r e g u l a t e d  zone. Also, a person  

cannot  l eave  a contaminat ion  zone wear ing  con tamina t ion  

c l o t h i n g  { t o  go  i n t o  t h e  sur rounding  o r  a d j a c e n t  regu-  

l a t e d  zone) u n t i l  h i s  con tamina t ion  c l o t h i n g  h a s  been 

checked and shown t o  be f r e e  of t r a n s f e r a b l e  contamin- 

a t i o n .  T h i s  r u l e  i s  t o  p reven t  t h e  p o s s i b l e  

o f  contaminat ion  t o  o t h e r  areas. 

74.  I f  a p e r s o n ' s  s k i n  has become contaminated,  he  should spread  

check w i t h  h i s  s u p e r v i s o r  and w i t h  a Heal th  Phys ic s  r e p -  

r e s e n t a t i v e  as t o  t h e  proper  a c t i o n  t o  be taken: I f  

t h e  con tamina t ion  i s  n o t  t o o  s e v e r e  o r  ex tens ive ,  prob- 

a b l y  a shower o r  g e n e r a l  washing may be  adequate .  How- 

ever ,  i f  ( a f t e r  r easonab le  decontaminat ion  e f f o r t s  have 

been t a k e n  w i t h  t h e  a s s i s t a n c e  of a Hea l th  Phys ic s  r ep -  

r e s e n t a t i v e )  t h e  remain ing  l e v e l  OS con tamina t ion  on a 

p e r s o n ' s  body exceeds  t h e  p e r m i s s i b l e  l i m i t s ,  t h e  i n d i -  

v i d u a l  may have t o  be  r e f e r r e d  t o  t h e  Hea l th  D i v i s i o n  

(where a d d i t i o n a l  decontaminat ion  e f f o r t s  can be p e r -  

formed under  medical. s u p e r v i s i o n ) .  

75. I f ,  a f t e r  working i n  a con tamina t ion  zone, you f i n d  

t h a t  some r a d i o a c t i v e  con tamina t ion  has reached  your  

sk in ,  t h e  f i r s t  t h i n g  t o  d o  i s  t o  t h e  area 

thoroughly .  

76 .  I f  washing does not  reduce  t h e  con tamina t ion  t o  a per -  wash o r  
ba the  

missible l e v e l ,  a r e p r e -  

s e n t a t i v e  should  be  c o n t a c t e d  and h i s  a d v i c e  t aken .  
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7 7 .  Su r face  con tamina t ion  may not  be  t o o  d i f f i c u l t  t o  con- 

t a i n  and c l e a n  up; however, i t  may be  ve ry  d i f f i c u l t  t o  

c o n t a i n  and c l e a n  up a i r b o r n e  contaminat ion .  

78.  If  you are i n  a n  area where t h e r e  i s  a i r b o r n e  contamina- 

t i o n ,  your  e n t i r e  body i s  surrounded by t h e  contaminat ion  

and e v e r y  s q u a r e  inch  of  body i s  exposed t o  t h e  r a d i a -  

t i o n .  More s e r i o u s  t h a n  t h a t ,  however, i s  t h e  f a c t  t h a t  

e v e r y  t i m e  you t a k e  a b r e a t h ,  you b r e a t h e  i n  

79 .  If t h e  l e v e l  of  a i r b o r n e  con tamina t ion  i s  g r e a t e r  t h a n  

a c e r t a i n  va lue ,  a s s a u l t  masks (gas  masks of t h e  f u l l -  

face, c a n i s t e r  t y p e )  should  be  worn t o  f i l t e r  t h e  a i r  

t h a t  i s  b rea thed .  

80. A supp ly  of  a s s a u l t  masks should  be  kep t  ( ready  f o r  

u s e )  i n  areas where t h e r e  i s  a p o s s i b i l i t y  of a h i g h  

l e v e l  o f  contaminat  i on .  

81. The use  of t h i s  t y p e  mask would r e s u l t  i n  t h e  r a d i o -  

a c t i v e  material be ing  f i l t e r e d  o u t  by  t h e  (mask, l ungs ) .  

Consequently,  (more, less)  i n t e r n a l  exposure  would 

r e s u l t .  

Heal th  
Phys ics  

r a d i o a c t i v e  
material  o r  
r a d i o a c t i v e  
con t  a m i  aa - 
t i o n  o r  
a i r b o r n e  con- 
t aminat  ioti 

a i r b o r n e  
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82. A g a s  mask w i l l  f i l t e r  out  p a r t i c u l a t e  contaminat ion,  mask, 
less b u t  t h e  noble  g a s e s  (xenon, krypton,  e tc . )  are d i f f i c u l t  

t o  handle  because  t h e y  seldom react w i t h  o t h e r  materials.  

With such gases ,  t h e  c a n i s t e r  t y p e  g a s  mask ( i s  very  

e f f e c t i v e ,  h a s  l i t t l e  e f f e c t ) .  

has  l i t t l e  
e f f e c t  

83.  While t h e  noble  g a s e s  (can, cannot )  b e  f i l t e r e d  out ,  

t h e y  are exhaled  from t h e  lungs  r a t h e r  q u i c k l y .  Thus, 

t h e  amount of t i s s u e  damage i s  determined by t h e  t i m e  

s p e n t  i n  t h e  contaminated area. 

Noble g a s e s  d o  n o t  react. c h e m i c a l l y  (ereckpt: 
i n  v e r y  unusual  c i rcumstances)  w i t h  o t h e r  
g a s e s  o r  metals, e t c .  Argon i s  a good ex- 
ample because  a i r  c o n t a i n s  about  0.94% 
argon-40. When argon-40 i s  exposed t o  neu- 
t r o n s ,  i t  i s  conver ted  t o  argon-41 (which 
decays w i t h  a h a l f  l i f e  of 1.82 hr ,  by 
e m i t t i n g  b e t a  and gamma r a d i a t i o n ) *  
t h e  v i c i n i t y  of a r e a c t o r ,  a i r b o r n e  argon-  
4 1  contaminat ion  can be a problem. 

In 

- - 

8 4 .  R a d i o a c t i v e  i o d i n e  vapor (a hazardous t y p e  of a i r b o r n e  

contaminat ion  o f t e n  found i n  gaseous waste from reac- 

t o r s  and exper iments )  i s  f i l t e r e d  o u t  by s p e c i a l  f i l t e r  

c a r t r i d g e s  which c o n t a i n  a c t i v a t e d  c h a r c o a l .  

cannot 

85. I n  areas where t h e r e  i s  a p o s s i b i l i t y  of r a d i o a c t i v e  

i o d i n e  vapor, a gas mask i s  used which h a s  s p e c i a l  f i l -  

t e r  c a r t r i d g e s  of a c t i v a t e d  

- ,- - - - - - 

eharcoa  1 
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7 . 7  Continuous A i r  Monitors  

86. To h e l p  de t e rmine  t h e  p re sence  of a i r b o r n e  contamina- 

t i o n ,  instrurnen. ts  c a l l e d  con t inuous  a i r  moni tors  

( abbrev ia t ed  CAM) are p laced  a t  s t r a t e g i c  p o s i t i o n s  i n  

a room. A stream of a i r  i s  con t inuous ly  drawn p a s t  a 

probe which d e t e c t s  i n  t h e  a i r .  

87. Ai rborne  con tamina t ion  i s  d e t e c t e d  by a r a d i o a c t i v i t y  
o r  r ad ioac -  
t i v e  contam- 
i n a t  i o n  

- - - - - - -  

88. The CAM a l s o  draws a i r  through a f i l t e r  paper  which CAM 

c o l l e c t s  p a r t i c u l a t e  matter (and a l i m i t e d  amount of 

o t h e r  a i r b o r n e  con tamina t ion ) .  R a d i a t i o n  from t h e  

r a d i o a c t i v e  material  on the f i l t e r  paper  i s  measured 

by a d e t e c t o r  l o c a t e d  nea r  t h e  paper .  (Any o t h e r  a i r -  

borne contaminat ion  i n  t h e  a i r  around t h e  d e t e c t o r  a l s o  

c o n t r i b u t e s  t o  t h e  measured r a d i a t i o n  l eve l . )  

b o t h  gaseous  and p a r t i c u l a t e  r a d i o a c t i v i t y  i n  t h e  

i s  d e t e c t e d  by a CAM. f i g u r e  11-25 shows one t y p e  of 

con t inuous  a i r  moni tor .  

Thus, 

89,. When a person  i n g e s t s  r a d i o a c t i v e  material, gaseous o r  a i r  

p a r t i c u l a t e ,  some w i l l  remain i n  t h e  body. Once t h e  

material i s  i n  t h e  body, i t  can be l o s t  i n  on ly  two 

ways- - rad ioac t ive  decay  and e x c r e t i o n  from t h e  body. 
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F i g .  11-25. A i r  Monitor (continuous,  beta-gamma) 
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90. I f  a p e r s o n  c o n t i n u e s  t o  i n g e s t  r a d i o a c t i v e  contamina- 

t i o n ,  t h e  amount i n  t h e  body w i l l  i n c r e a s e  u n t i l  i t  

r e a c h e s  a l e v e l  such t h a t  t h e  i n t a k e  i s  j u s t  ba lanced  

by t h e  l o s s  through and r a d i o a c t i v e  

91. The amount of r a d i o a c t i v e  material i n  t h e  body remains e x c r e t i o n ,  
decay 

c o n s t a n t  when t h e  amount going i n t o  t h e  body e q u a l s  

t h e  amount l o s t  by r a d i o a c t i v e  and by 

7 . 8  Maximum P e r m i s s i b l e  Bodv Burden 

92.  The amount of r a d i o a c t i v e  material  i n  t h e  body a t  t h i s  

c o n s t a n t ,  e q u i l i b r i u m  l e v e l  i s  c a l l e d  t h e  "body burden". 

T h i s  amount may o r  may n o t  be harmful,  s i n c e  it. depends 

upon t h e  l e v e l  of c o n c e n t r a t i o n  of each  i s o t o p e .  (That 

is, f o r  t h e  same i s o t o p e ,  be ing  exposed t o  d i f f e r e n t  

c o n c e n t r a t i o n s  would r e s u l t  i n  d i f f e r e n t  e q u i l i b r i u m  

body burdens.)  A q u a n t i t y  c a l l e d  t h e  "maximum permis- 

P s i b l e  body burden" can be c a l c u l a t e d  f o r  each i s o t o p e ,  

which t e l l s  t h e  maximum q u m t i t y  which can b e  al lowed 

i n  a n  average  a d u l t  human without.  exceeding the v a r i o u s  

y e a r l y  and q u a r t e r l y  dose  l i m i t s .  

decay, 
e x c r e t i o n  

93. The t o t a l  amount of a n  i s o t o p e  i n  a person's body a t  

any t i m e  i s  h i s  
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94. Assuming a cont inuous  i n t a k e  ( a t  work) of some r a d i o -  body 
burden i s o t o p e  a t  some c o n c e n t r a t i o n ,  you would e v e n t u a l l y  

have a n  e q u i l i b r i u m  of 

t h a t  i s o t o p e .  T h i s  occur s  because  you e v e n t u a l l y  l o s e  

as much as you t a k e  i n  on a d a i l y  b a s i s .  Th i s  l o s s  

occur s  because  of and 

95. I f  your  body burden exceeds t h e  

I f o r  a par -  

t i c u l a r  r a d i o a c t i v e  , you w i l l  exceed 

t h e  maximum a l l o w a b l e  q u a r t e r l y  dose .  

a l l o w a b l e  q u a r t e r l y  dose  used i n  
t h e  c a l c u l a t i o n  i s  t h e  dose  t o  t h a t  o rgan  i n  
which damage by t h e  r a d i a t i o n  would cause  t h e  

t o  t h e  body. 7 
96. S ince  i t  i s  d i f f i c u l t  t o  measure p r e c i s e l y  t h e  body 

burden  of a l l  t h e  i n d i v i d u a l s  a t  ORNL cont inuous ly ,  

most of  t h e  e f f o r t  i s  concen t r a t ed  on minimizing su r -  

f ace ,  a i r b o r n e ,  and waterborne  contaminat ion .  

97. An uncontaminated d r ink ing -wa te r  system i s  insu red  by 

keeping  p o t a b l e  water and p rocess  water i n  comple te ly  

separate sys tems,  The p o t a b l e  water system i s  (never,  

seldom) connected t o  any sys tem which c o n t a i n s  ( o r  

could  a c c i d e n t a l l y  c o n t a i n )  r a d i o a c t i v e  l i q u i d  waste. 

body burden, 
r a d  i o a c  t i v e  
decay, 
e x c r e t i o n  

maximum per-  
m i  s s i b  l e  
body burden, 

i s o t o p e  
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98. Act ive  enforcement  o f  con tamina t ion  zone r u l e s  a i d s  i n  never  

keeping  eve ryone ' s  body burden  low by h e l p i n g  t o  reduce  

t h e  amount of r a d i o a c t i v e  material t a k e n  t h e  

body. 

99. R a d i a t i o n  d e t e c t o r s  such  as cont inuous  a i r  moni tors  

warn u s  of contaminat ion .  Sources  of 

t h i s  t y p e  of con tamina t ion  are i s o l a t e d  from pe r sonne l .  

The containment  sys tem (which i s o l a t e s  t h e s e  sou rces )  

i s  u s u a l l y  connec ted  t o  a n  approved a i rbo rne -was te  d i s -  

p o s a l  system. 

i n t o  

100. The CAM i n d i c a t i o n s  ( r ead ings )  and alarm p o i n t s  are  a i r  b o r  ne 

q u i t e  o f t e n  misunderstood. because  i t  i s  s o  d i f f i c u l t  

t o  s t a t e  p r e c i s e l y  what a number such as t h e  alarm 

p o i n t  r e a l l y  means. The concept  i s  f a i r l y  s t r a i g h t f o r -  

ward; t h e r e f o r e ,  let us  look  a t  t h e  concept  and no t  

worry  abou t  t h e  exact numbers. 

101. L e t  u s  assume t h a t  your  j o b  r e q u i r e s  t h a t  you b r e a t h e  

s l g h t l y  contaminated a i r  8 hour s  a day  f o r  5 days  a 

week. I f  t h i s  c o n t i n u e s  u n t i l  t h e  amount of r a d i o a c t i v e  

material  t a k e n  i n t o  your  body would e q u a l  t h a t  l o s t  by 

and , your  body w i l l  have 

reached  t h e  e q u i l i b r i u m  ( f o r  

t h e  assumed c o n c e n t r a t i o n  o f  con tamina t ion ) .  
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102. But w h i l e  you are workin& how can  you t e l l  i f  t h e  a i r  decay, 
e x c r e t i o n ,  
body burden 

i s  contaminated enough t o  e v e n t u a l l y  cause  you t o  exceed 

t h e  maximum It  body burden"? (True, 

w e  could  wear g a s  masks a l l  day  o r  b r e a t h e  c l e a n  a i r  

from t a n k s  o r  b o t t l e s  c o n t a i n i n g  compressed air ,  bu t  

t h e  u s e  of t h i s  equipment i s  uncomfortable . )  

103. You are r i g h t ;  w e  should  moni tor  t h e  con tamina t ion  l e v e l  pe r m i  s s i b  l e  

i n  t h e  a i r  and de te rmine  whether  c o n t i n u i n g  t o  b r e a t h e  

t h i s  a i r  40 hours  a week would e v e n t u a l l y  cause  us  t o  

exceed t h e  maximum p e r m i s s i b l e  

The GAM i s  t h e r e f o r e  set  t o  alarm whenever t h e  a i r b o r n e  

con tamina t ion  r e a c h e s  a l e v e l  h igh  enough t o  e v e n t u a l l y  

cause  a p e r s o n ' s  body burden  t o  exceed t h e  maximum pe r -  

m i s s i b l e  body burden.  (This  would g i v e  a person  adequate  

warning i n  t i m e  t o  t a k e  p r o t e c t i v e  measures and t o  p re -  

vent  h i s  i n h a l i n g  enough a i r b o r n e  contaminat ion  t o  

i n c r e a s e  h i s  body burden--of r a d i o i s o t o p e s - - p a s t  t h e  

p e r m i s s i b l e  p o i n t . )  

7 . 9  Maximum P e r m i s s i b l e  Concen t r a t ion  

104. It i s  ve ry  clumsy t o  keep r e p e a t i n g  " t h a t  c o n c e n t r a t i o n  

of r a d i o a c t i v e  mater ia l  i n  a i r  which ( i f  b r e a t h e d  f o r  

40 hours  each  week) would r e s u l t  i n  t h e  maximum permis- 

s i b l e  body burden", s o  w e  u se  a u n i t  c a l l e d  t h e  Maximum 

P e r m i s s i b l e  Concen t r a t ion  (MPC) t o  t a k e  i t s  p l a c e .  I f  

w e  c o n t i n u e  t o  b r e a t h e  a i r  which has  t h e  MPG of a ce r t a . i n  

i s o t o p e  i n  i t ;  t h e n  e v e n t u a l l y  w e  w i l l  accumulate  t h e  

m a x i m u m  p e r m i s s i b l e  body burden .  

body burden 
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va lues  are u s u a l l y  s t a t e d  i n p c l c c  

pe r  c u b i c  c e n t i m e t e r ) .  I 
105. We should d i s c u s s  how, i n  t h e  i d e a l  case, t h e  CAM i s  

made t o  warn u s  (by an a l a r m )  t h a t  t h e  a i r  c o n t a i n s  t h e  

MPC of a r a d i o a c t i v e  i s o t o p e .  We know t h a t  t h e  i n s t r u -  

ment i n d i c a t i o n  i s  i n  c o u n t s / s e c  and t h a t  when t h e  count- 

i ng  r a t e  r e a c h e s  a c e r t a i n  number of coun t s / sec ,  t h e  

alarm i s  sounded. 

106. W e  a l so  know t h a t  t h e  c o u n t s / s e c  ( a s  measured by t h e  

d e t e c t o r )  i s  due t o  r a d i o a c t i v e  material c o l l e c t e d  on 

t h e  f i l t e r  which i s  nea r  t h e  d e t e c t o r .  The alarm p o i n t  

( i n  c o u n t s / s e c )  of most CAM's i s  set: t o  be e q u i v a l e n t  

t o  t h e  c o u n t s l s e c  which would be measured i f  t h e  f i l t e r  

con ta ined  t h e  amount of r a d i o a c t i v e  material  which 

would be c o l l e c t e d  i n  30 minutes  from a i r  which con- 

t a i n e d  t h e  MPC of an  i s o t o p e .  

107. The CAM f i l t e r  e f f i c i e n c y  i s  chosen t o  be s imi la r  t o  

t h e  f i l t e r i n g  e f f i c i e n c y  of human lungs ;  t h e  GAM a i r -  

flow ra te  i s  similar t o  t h e  human b r e a t h i n g  r a t e .  The 

u n i t  i n  which MPC i s  measured i s  

108. I n  t h e  i d e a l  case, t h e r e f o r e ,  a CAM i s  s e t  t o  alarm a t  pc/cc 

a l e v e l  which would r e s u l t  from a 

c o l l e c t i o n  of a i r  c o n t a i n i n g  t h e  o f  any r a d i o -  

i s o t o p e .  
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109. Unfor tuna te ly ,  t h e  a i r b o r n e  con tamina t ion  i s  u s u a l l y  30-mi nu t e, 
MPC made up of  a mix tu re  of  d i f f e r e n t  i s o t o p e s  and it i s  

no t  p o s s i b l e  t o  de t e rmine  a v a l u e  t o  use  f o r  mix tu res  

which may be  d i f f e r e n t  each  t i m e .  

normally,  t h e  MPC v a l u e  used i s  t h a t  f o r  t h e  most haz- 

a rdous  beta-gamma emi t te r  which might be expec ted  t o  be  

encountered .  (Genera l ly ,  t h e  alarm se t  p o i n t  i s  about  

100 t imes t h e  i n d i c a t i o n  from the n a t u r a l  r a d i o a c t i v i t y  

i n  t h e  a i r . )  

Around r e a c t o r s ,  

110. I f  a CAM i s  set  t o  alarm when t h e  most hazardous b e t a -  

gamma emit ter  r e a c h e s  i t s  i n  t h e  air ,  any  o t h e r  

i s o t o p e  caus ing  t h e  alarm w i l l  be below i t s  own MPC. 

- 
R a d i a t i o n  from s o u r c e s  o t h e r  t h a n  t h e  material 
c o l l e c t e d  on t h e  f i l t e r  a l s o  causes  t h e  a c t u a l  
o p e r a t i o n  of t h e  CAM t o  d i f f e r  from t h e  i d e a l .  
We have a l r e a d y  mentioned t h e  c o n t r i b u t i o n  due 
t o  r a d i a t i o n  from gaseous  and o t h e r  a i r b o r n e  
contaminat  i o n  (surrounding,  bu t  no t  on, t h e  
f i l t e r ) .  R a d i a t i o n  from sources  o u t s i d e  of 
t h e  CAM can  a l s o  c o n t r i b u t e  t o  t h e  in s t rumen t  
i n d i c a t i o n  even though t h e  d e t e c t o r  and f i l -  
t e r  are  i n s i d e  a s h i e l d .  Sometimes r a d i a t i o n  
from a ve ry  r a d i o a c t i v e  p i e c e  of material  
can,  by i t s e l f ,  cause  a CAM t o  alarm, 

- - - - - - -  

111. When a CAM r e a d i n g  i s  i n c r e a s i n g ,  i t s  ra te  of  i n c r e a s e  - 
i s  a b e t t e r  i n d i c a t i o n  of t h e  a i r b o r n e  Contaminat ion 

t h a n  t h e  r ead ing  i t s e l f ,  s i n c e  t h e  l e v e l  i n d i c a t e d  i s  

normal ly  tha t  from t h e  material which has  a l r e a d y  been 

c o l l e c t e d  on t h e  f i l t e r .  A r a p i d  r a t e  of r i s e  would 

i n d i c a t e  a (high,  low) c o n c e n t r a t i o n  of r a d i o a c t i v e  a i r -  

borne material. 

MPC 
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112 .  Table  11-12 i s  a l is t  of a f e w  r a d i o a c t i v e  i s o t o p e s  and h igh  

t h e i r  maximum p e r m i s s i b l e  c o n c e n t r a t i o n s  i n  a i r  (based 

on 40 hr/week exposures ) .  T h i s  l i s t  i s  f a r  from com- 

p l e t e ,  b u t  it i s  inc luded  j u s t  as a n  i l l u s t r a t i o n .  

Tab le  11-12. A Sample L i s t  of Some Maximum P e r m i s s i b l e  Concent ra t ions"  

a i r  
MPC @c/cc)  Cr i t i ca l  Organ (s) 

Subs tance  
( f o r  40-hr/week exposure)  (on which IQC. i s  based)  

23gPu 

241h 

N a t u r a l  U 

2 4 2 ~ m  

'OS, 
1311 

4 5 ~ a  

5 9 ~ e  

2 x Bone 

6 x Bone and k idney  

6 x 10"' Lung 

1 x 10-10 L i v e r  

3 x 10-10 Bone 

9 Thyroid 

3 x 10-8 Bone 

5 x lom8 LU ng 
31 

N a t i o n a l  Bureau of S tanda rds  Handbook 69 

- - - - - - -  

7.10 S e l f  T e s t  

113. A r a d i o a c t i v e  impur i ty  o r  t h e  c o n d i t i o n  t h a t  ex i s t s  from 

t h e  p re sence  of  t h e  impur i ty  i s  c a l l e d  

. ( I f  you made a n  i n c o r r e c t  response ,  

r e p e a t  Frames 14 and 15.) 
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114. The energy  r e l e a s e d  from a n  u n s t a b l e  atom as i t  changes 

t o  a more s t a b l e  form i s  c a l l e d  

(If  you made a n  i n c o r r e c t  response,  repeat Frames 14 

through 16.)  

115. The t h r e e  forms o r  states of r a d i o a c t i v e  contaminat ion  

are 9 , and 

( I f  you made a n  i n c o r r e c t  response ,  r e p e a t  Frame 1 7 . )  

116. Some examples of r a d i o a c t i v e  contaminat ion  i n  t h e  s o l i d  

form are d u s t ,  meta l l ic  c h i p s ,  metal l ic  f i l i n g s ,  and 

p a r t i c l e s .  When t h e  s o l i d  form of contaminat ion  i s  

l a r g e  enough t o  l o c a t e  and s h i e l d  i t  o r  d i s p o s e  of it, 

it  i s  u s u a l l y  no l o n g e r  c o n s i d e r e d  as eontaminat ion;  

bu t  i t  i s  s t i l l  a of  

(If you made a n  i n c o r r e c t  response ,  r e p e a t  Frames 18 

through 20 . )  

117. If, i n  s p i t e  of our  e f f o r t s ,  w e  g e t  r a d i o a c t i v e  material 

i n  some d r i n k i n g  water, t h i s  i s  a n  example of t h e  

form of . (If  you 

made a n  i n c o r r e c t  response,  r e p e a t  Frame 25.)  

118. If, n e a r  t h e  r e a c t o r ,  argon-41 i s  r e l e a s e d ,  it w i l l  

t h e  a i r .  This  form of contamina- 

t i o n  i s  . ( I f  you made a n  i n c o r r e c t  

response ,  r e p e a t  Frame 2 7 . )  

r a d i o a c t i v e  
contamina- 
t i o n  

r a d i a t i o n  

s o l i d ,  
l i q u i d ,  
gaseous 

source,  
r a d  i a  t i o n  

l i q u i d ,  
eontamina- 

t i o n  
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119. Contamination which has been confined by some method is 

referred to as cont aminat ion. 

Contamination which is easily spread is referred to as 

contamination. Both types of  con- 

tamination are sources of , but the 
major hazard is presented by the con- 

tamination. (If you made an incorrect response, repeat 

Frames 30 through 32.) 

120. The hazard of any transferable radioactive contamination 

is due to the fact that it may 

. (If you made an incorrect 

response, repeat Frames 25 through 33.) 

121. Transferable radioactive contamination which is floating 

in air may be either gaseous or dust; it is all called 

contamination. (If you made an 

incorrect response, repeat Frames 32 through 37.) 

122.  List three actions which can be taken to prevent sur- 

face contamination from spreading. (If you made an in- 

correct response, repeat Frames 38 through 41. )  

1 Answers to Frame 122 
Putting up ropes and signs, coatrolling entrance, c controlling exit, decontamination. 

contaminat e, 
gaseous 

nontransferable,, 
transferable, 
radiation, 
transferable 

get inside 
your body 

airborne 
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123 .  A contamination zone is a contaminated area marked off  

by and / or where 

measures are taken to prevent the of con- 

tamination. (If you made an incorrect response, repeat 

Frame 41.) 

124. A contamination zone is established when the transfer- signs, 
ropes, 
control or  

spread 

able surface contamination level (as  measured by the 

smear technique) is 

radiation or 

radiation. (If you made an incorrect response, repeat 

Frames 44 through 5 4 . )  

d/m per 100 cm2 due to alpha protective 

d/m per 100 cm2 due to beta-gama 

1 2 5 .  Why are contamination zones established at a lower level 30, 
1000 due to alpha contamination than for beta-gamma contam- 

ination? (If you made an incorrect response, repeat 

Frame 5 5 . )  

- - - - - - -  

If 'it gets inside your body, more internal 
damage will result from alpha-emitting mater- 
ial than from an equal amount (in curies) of 
beta- or gamma-emitting material. 

Answer to Frame 125 

1 2 6 .  Prior t o  entering a contamination zone, you should put 

on some type of 

This will protect your skin from 

and will help restrict the spread of contamination be- 

cause of special measures for this 

type clothing. (If you made an incorrect response, 

repeat Frames 57 through 6 4 . )  
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127. Two pairs of contamination coveralls should be worn when contamination 
c 1 ot h ing , 

contaminat ion, performing work in an area where the contamination level 

is very high or where -emitting contamina- control 

tion is present. 

repeat Frame 65.) 

(If you made an incorrect response, 

128. A l l  personnel and equipment leaving any contamination alpha 

zone must be for 

with a radiation-detection instrument. 

incorrect response, repeat Frames 66 through 6 8 . )  

(If you made an 

129. A regulated zone may contain zones) 

zones) or both. (If you made an 

incorrect response, repeat Frame 69.) 

checked, 
contamina- 
tion 

130. A person wearing contamination. clothing cannot leave a rad iat ion, 
contamina- contamination zone to go into the surrounding or adja- 

cent regulated zone until his Contamination clothing 

has been checked and found to be 

(If you made an incorrect response, repeat Frame 70.) 

tion 

131. Radioactive gases and floating particles are examples uncontaminated 

of contamination. (If you made an in- or free of 
contamina- 

correct response, repeat Frames 74 and.75.) t ion 
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132. One of t h e  p r o t e c t i v e  measures  which may b e  used f o l -  

lowing a release of  a i r b o r n e  contaminat ion  would be t o  

have a l l  t h e  p e r s o n n e l  t h e  b u i l d i n g  

u n t i l  t h e  contaminated a i r  h a s  been removed by some 

approved d i s p o s a l  ( v e n t i l a t i o n )  system., ( I f  you made 

a n  i n c o r r e c t  response ,  r e p e a t  Frames 76 through 80.)  

133. I f  t h e  l e v e l  of a i r b o r n e  contaminat ion  i s  g r e a t e r  t h a n  

a c e r t a i n  va lue ,  should b e  

worn t o  f i l t e r  t h e  a i r  t h a t  i s  b r e a t h e d .  (If you made 

a n  i n c o r r e c t  response,  r e p e a t  Frames 80 through 8 4 . )  

134. To h e l p  u s  de te rmine  i f  t h e r e  i s  a i r b o r n e  contaminat ion  

p r e s e n t ,  i n s t r u m e n t s  such as a 

are used.  This  ins t rument  i s  g e n e r a l l y  

r e f e r r e d  t o  as a . ( I f  you made a n  i n c o r r e c t  

response ,  r e p e a t  Frames 86 through 88.) 

135. The amount of r a d i o a c t i v e  material which may g e t  i n s i d e  

your  body w i l l  be  reduced by two methods- - rad ioac t ive  

and . ( I f  you made a n  

i n c o r r e c t  response ,  r e p e a t  Frames 89 and 90.)  

a i r b o r n e  

e v a c u a t e  o r  
l e a v e  

a s s a u l t  
masks o r  
g a s  masks 

cont inuous  
a i r  moni- 
t o r ,  

CAM 
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136. The t o t a l  amount of a n  i s o t o p e  i n  a p e r s o n ' s  body a t  

any time i s  h i s  . When t h e  amount 

of r a d i o a c t i v e  material b e i n g  t a k e n  i n t o  t h e  body e q u a l s  

t h a t  b e i n g  l o s t  by r a d i o a c t i v e  decay and e x c r e t i o n ,  w e  

could  s a y  t h a t  t h e  "equi l ibr ium" 

has  been reached .  ( I f  you made a n  i n c o r r e c t  response,  

r e p e a t  Frames 7 7  through 8 1 . )  

137. You would exceed t h e  maximum a l l o w a b l e  q u a r t e r l y  dose 

i f  t h e  

i s  exceeded. ( I f  you made a n  i n c o r r e c t  

response,  r e p e a t  Frame 92.)  

138. The CAM w a r m s  us  of  (surface, l i q u i d ,  a i r b o r n e )  contam- 

i n a t i o n .  ( I f  you made a n  i n c o r r e c t  response ,  r e p e a t  

Frame 96.) 

139. The CAM i s  set  t o  alarm whenever t h e  a i r b o r n e  contamin- 

a t i o n  r e a c h e s  a l e v e l  h i g h  enough t h a t ,  i f  it were 

b r e a t h e d  c o n t i n u o u s l y  f o r  each week, 

t h e  body burden  would 

b e  exceeded. ( I f  you made a n  i n c o r r e c t  response,  r e p e a t  

Frames 97 through 102.) 

decay, 
e x c r e t i o n  

body burden, 
body burden 

maximum per- 
m i s  s i b l e  
body burden 

a i r b o r n e  
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140. MPC i s  a n  a b b r e v i a t i o n  f o r  40 hours,  

. The MPC i s  t h a t  c o n c e n t r a t i o n  of 

r a d i o a c t i v e  material  i n  a i r  which, i f  b r e a t h e d  f o r  40 

hours  each  week, would r e s u l t  i n  t h e  maximum 

burden be ing  reached .  ( I f  you made a n  

i n c o r r e c t  response ,  r e p e a t  Frame 104.) 

maximum pe r -  
m i s  s i b  l e  

144. A r a p i d  rate of i n c r e a s e  on a would i n d i c a t e  a maximum pe r -  
m i s s i b l e  
conce n t  r a- r e l e a s e  of a i r b o r n e  con tamina t ion  has  occur red .  A 30- 

minute  c o l l e c t i o n  of a i r  c o n t a i n i n g  t h e  of a c e r -  t ion, 

t a i n .  i s o t o p e  would, i n  t h e  i d e a l  case, actuate t h e  
pe rmis s ib l e ,  
body 

on t h i s  i n s t rumen t .  ( I f  you made a n  i n c o r r e c t  response ,  

repeat Frames 104 through 108.)  

MPC, 
alarm 

142. The impor tan t  p r o p e r t i e s  of r a d i o a c t i v e  con tamina t ion  CAM, 

a r e  as fo l lows :  

a. It i s  n o t  r a d i a t i o n ;  i t  i s  a of 

r a d i a t i o n .  

b .  It may be  i n  an  u n p r e d i c t a b l e  manner. 

c .  I f  it g e t s  i n t o  t h e  body, r a d i a t i o n  exposure  w i l l  

c o n t i n u e  f o r  hours  each  day f o r  as long as 

t h e  material s t a y s  i n  t h e  body o r  remains 

d .  Some materials t end  t o  i n  

s p e c i f i c  organs  of t h e  body and are, t h e r e f o r e ,  ve ry  

hazardous .  

source ,  
s p r  ead, 

i n t  e r n a  1, 
accumulate  ox 

conce nt r a t  E 

24, 
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