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Radiation: Introduction

M u c h  h a s  b e e n  l e a r n e d  s i n c e  R o e n t g e n

d i s c o v e r e d  x - r a y s  i n  1 8 9 5  a n d B e c q u e r e l

d i s c o v e r e d  r a d i a t i o n  i n  1 8 9 6 .

R a d i a t i o n  b u r n s  w e r e  f i r s t  s e e n  i n  1 8 9 6 ,  a n d

x - r a y s  w e r e  u s e d  t o  c u r e  a  b a s a l  c e l l

c a r c i n o m a  b y  1 8 9 9 .

S t u d i e s  o f  e x p o s e d  w o r k e r s  i n c l u d e d

sc ien t i s t s ,  med i ca l  s t a f f ,  r ad i um d ia l

pa i n te r s ,  u ran i um m ine rs ,  i ndus t r i a l

r a d i o g r a p h e r s  a n d  n u c l e a r  e n e r g y  w o r k e r s .

Radiation: Introduction ( C o n t. )

O t h e r  s t u d i e d  g r o u p s  i n c l u d e  p a t i e n t s  e x p o s e d
f o r  d i a g n o s i s  a n d  t h e r a p y ,  J a p a n e s e  a t o m i c

b o m b  s u r v i v o r s ,  p e o p l e  e x p o s e d  t o  f a l l o u t  f r o m

w e a p o n s  t e s t s  a n d  r e a c t o r  a c c i d e n t s ,  t h o s e
e x p o s e d  v i a  s e a l e d  s o u r c e s  a n d  p e o p l e  w i t h

na tu ra l l y  h igh  exposure .

Rad ia t i on  de tec t i ng  and  quan t i f y i ng  equ ipmen t

has  become inc reas ing l y  sens i t i ve ,  a l l ow ing  fo r
d o s e - r e s p o n s e  r e l a t i o n s h i p s .

Indus t r ia l  rad ia t ion  leve ls  can  be  l im i ted  to  those
w i th  ex t reme ly  l ow  hea l th  r i sks .

Physical Principles

Emi t t ed  ene rgy  f r om  rad ioac t i ve  ma te r i a l s  and  x - r ay

m a c h i n e s  i s  i n  t h e  f o r m  o f  h i g h  s p e e d  p a r t i c l e s  a n d
e l e c t r o m a g n e t i c  p h o t o n s .

Trans fe r  o f  energy  to  l i v ing  t i ssues  can  d is rup t
mo lecu la r  o rgan i za t i on .

E n e r g y  i s  m e a s u r e d  i n  e l e c t r o n  v o l t s  ( eV ) ,  wh ich  are
o f ten  used  as  keV  ( 1 03  eV )  and  M e V  (10 6 e V ).

A t o m s  c o n s i s t  o f  a  n u c l e u s ,  w i t h  p o s i t i v e l y  c h a r g e d

p r o t o n s  a n d  u n c h a r g e d  n e u t r o n s ,  s u r r o u n d e d  b y

nega t i ve l y  cha rged  e lec t rons .

Physical Principles (C o n t .)

T h e  n u m b e r  o f  p r o t o n s  i s  k n o w n  a s  t h e  a t o m i c

n u m b e r ,  a n d  d e t e r m i n e s  t h e  n a t u r e  o f  a n  e l e m e n t .

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

a n d  g o l d  c a n  h a v e  d i f f e r e n t  n u m b e r s  o f  n e u t r o n s ,
a l t e r i ng  t he  a tom ic  we igh t s ,  and  y i e l d i ng  d i f f e ren t

i so topes .

S o m e  i s o t o p e s  a r e  u n s t a b l e  ( d u e  t o  a b n o r m a l

p ro ton /neu t ron  r a t i os )  and  decay ,  r e l eas i ng  h i gh
e n e r g y  p a r t i c l e s  a n d  r a y s ,  a n d  p r o d u c i n g  n e w

e l e m e n t s .

Physical Principles (C o n t .)

A l l  u n s t a b l e  r a d i o i s o t o p e s  h a v e  u n i q u e

c h a r a c t e r i s t i c s  o f  t h e  t y p e  o f  e m i t t e d  r a d i a t i o n ,

r a d i a t i o n  e n e r g y ,  a n d  d e c a y  r a t e

T h e  d e c a y  r a t e  c o n s t a n t  i s  t h e  f r a c t i o n  o f  a

r a d i o i s o t o p e  t h a t  h a s  d e c a y e d  i n  a  g i v e n  t i m e

( h r . ,  d a y ,  y e a r )

T h e  t i m e  i n  w h i c h  h a l f  o f  a  r a d i o i s o t o p e  h a s

d e c a y e d  i s  t h e  h a l f - l i f e ,  w i t h  1 / 4  l e f t  a f t e r  t w o

h a l f - l i v e s ,  1 / 8  a f t e r  t h r e e ,  e t c .

R a d i o i s o t o p e s  o f t e n  d e c a y  i n t o  o t h e r  u n s t a b l e

i s o t o p e s ,  w i t h  t h e i r  o w n  h a l f - l i v e s

Physical Principles (C o n t .)

Un i t s  o f  r ad ioac t i v i t y  a re  based  on  decays  pe r

s e c o n d ,  w i t h  1  b e c q u e r e l  (B q)  e q u a l  t o  1  a n d
1 cur ie ( C i)  e q u a l  t o  3 . 7  x  1 01 0.

T w o  r a d i a t i o n  t y p e s  a r e  e m i t t e d  a s  p a r t i c l e s .

A lpha  pa r t i c l es  a re  he l i um nuc le i  ( 2H e4++) ,  wh i ch

d e c r e a s e  t h e  a t o m i c  n u m b e r  b y  2  a n d  t h e  a t o m i c
w e i g h t  b y  4 .

A lpha  pa r t i c l es  t r ans fe r  a  h i gh  amoun t  o f  ene rgy

ove r  a  sho r t  pene t ra t i on  d i s t ance  (b l ocked  by  a

shee t  o f  pape r ) ,  and  a re  ex t r eme l y  haza rdous  i f
i nha led  o r  i nges ted .
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Physical Principles (C o n t .)

Beta  pa r t i c l es  a re  e lec t rons  ( -1β0-)  e j e c t e d  b y  t h e

sp l i t t i ng  o f  a  neu t ron  to  a  p ro ton  and  an
e l e c t r o n ,  y i e l d i n g  n o  c h a n g e  i n  a t o m i c  m a s s ,

a n d  a n  a t o m i c  n u m b e r  i n c r e a s e d  b y  1 .

B e t a  p a r t i c l e s  h a v e  a  r a n g e  o f  e n e r g i e s  a n d  c a n

t rave l  f r om  5  cm to  3  m ,  w i t h  h i ghe r  ene rgy
be tas  pene t ra t i ng  deeper  i n to  t i ssues .

Pa r t i c l es  can  co l l i de  w i t h  e lec t rons ,  e j ec t i ng  t hem
f rom a toms ,  resu l t i ng  i n  i on i za t i on  and  l oss  o f

par t i c le  energy .

A l p h a s  d e c r e a s e  e n e r g y  f a s t e r  t h a n  b e t a s .

Physical Principles (C o n t .)

W h e n  a  b e t a  p a r t i c l e  c o l l i d e s  w i t h  a n  a t o m i c

nuc leus  (e .g .  l ead ) ,  t he re  i s  an  ab rup t  change  i n

v e l o c i t y  a n d  a n  x - r a y  i s  p r o d u c e d .

Fo r  t h i s  reason ,  be ta  shee t i ng  ma te r i a l s  usua l l y

h a v e  a t o m i c  n u m b e r s  n o  h i g h e r  t h a n  1 3
(a lum inum) ,  due  to  t he i r  sma l l e r  nuc le i .

X - r a y s  a n d  g a m m a  r a y s  a r e  h i g h  e n e r g y

e lec t romagne t i c  rad ia t i on ,  i den t i ca l  excep t  f o r

the i r  o r ig in  and  s l i gh t l y  d i f fe ren t  spec t ra .

Bo th  i on i z ing  rad ia t i ons p e n e t r a t e  d e e p  t i s s u e s .

Exposure Standards
E x p o s u r e  e f f e c t s  a r e  r e l a t e d  t o  t h e  e n e r g y

a b s o r b e d  i n  t i s s u e s ,  t h e  t y p e  o f  r a d i a t i o n ,

and  t he  sens i t i v i t y  o f  t a rge t  t i s sues .

T w o  e x p o s u r e  u n i t s  a r e  t h e  r a d a n d  t h e

g r a y  ( G y)  w i t h  1  g r a y  e q u a l  t o  1 0 0  r ads .

A  q u a l i t y  f a c t o r  ( Q )  o r  w e i g h t i n g  f a c t o r  ( W R)

o f  20  f o r  a l pha  pa r t i c l es ,  o r  1  f o r  be ta  and

g a m m a s,  conve r t s  r ads  to  r e m s,  a n d

grays  to  s ieve r t s  ( Sv ) ,  a l l o w i n g  f o r

d i f f e ren t  l e ve l s  o f  exposu re .

Exposure Standards (C o n t . )

Burns ,  ep i l a t i on and  o the r  e f fec ts  w i th  th resho ld

e x p o s u r e s  a n d  m a g n i t u d e s  b a s e d  o n  d o s e  a r e

ca l led  determin is t ic  ( n o n s t o c h a s t i c) .

C a n c e r  a n d  g e n e t i c  e f f e c t s ,  f o r  w h i c h  z e r o

th resho lds  a re  pos tu la ted  and  p robab i l i t i es  a re
b a s e d  o n  d o s e  a r e  c a l l e d  s t o c h a s t i c .

T h e  N u c l e a r  R e g u l a t o r y  C o m m i s s i o n  ( N R C )  s e t s

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

I n t e r n a t i o n a l  C o m m i s s i o n  o n  R a d i o l o g i c a l
P ro tec t i on  ( ICRP) .

Exposure Standards (C o n t . )

To p reven t  de te rm in is t i c  e f fec ts ,  the  l im i t s  a re

15  r e m s  (0 .15  S v )  t o  t he  eye  l ens ,  and  50  r e m s
( 0 . 5 S v )  to  a l l  o the r  t i ssues  (sk in ) .

To  l im i t  s tochas t i c  e f fec ts ,  the  l im i t  f o r  who le
body  i r r ad i a t i on  ( usua l l y  gamma and  x - r ays )  i s

5 r e m s (50  m S v )  i n  a  yea r .

I n  1 9 9 1 ,  t h e  I C R P  r e c o m m e n d e d  c o m b i n i n g  t h e

t w o  e f f e c t s  i n  I C R P  6 0 ,  w i t h  w h o l e  b o d y
occupa t iona l  l im i t s  o f  a  f i ve  yea r  ave rage  o f  20

m S v p e r  y e a r  ( a n d  a  m a x i m u m  5 0  m S v /y r )  and

a pub l ic  l im i t  o f  1  m S v in  a  year .

Health Effects

For  de te rm in i s t i c  e f fec t s ,  ex t reme ly  h igh  th resho lds

r a n g i n g  f r o m  2 0 0 - 6 0 0 0  r a d s  a r e  n e e d e d  t o
p r o d u c e  o r g a n  i n j u r i e s  i n  1 - 5 %  o f  t h o s e  e x p o s e d .

These  e f fec ts  inc lude  s te r i l i za t ion ,  ca ta rac ts ,
n e p h r o s c l e r o s i s ,  l i ve r  fa i lu re ,  hypo thyro id ism,

b r e a s t  a t r o p h y ,  b l a d d e r  u l c e r s  a n d  b o n e  d a m a g e .

S tochas t i c  e f f ec t s  occu r  v i a  t he  i on i za t i on  o r

exc i ta t i on  o f  re la t i ve l y  few  mo lecu les ,  f o l l owed  by
a  se r i es  o f  b io log i ca l  even ts .

D N A  d a m a g e  c a n  c a u s e  p o i n t  m u t a t i o n s .
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Health Effects (C o n t . )

M u t a t i o n s  c a n  b e  r e v e r s e d  b y  c e l l u l a r  m a c h i n e r y ,

i f  c o r r e c t e d  p r i o r  t o  D N A  r e p l i c a t i o n .

P o i n t  m u t a t i o n s  t o  s o m a t i c  c e l l s  m a y  r e s u l t  i n

a b n o r m a l i t i e s  i n  c e l l s  a f t e r  t h e  D N A  h a s  b e e n

r e p l i c a t e d .

P o i n t  m u t a t i o n s  t o  g e r m  c e l l s  m a y  c a u s e

h e r e d i t a b l e  g e n e t i c  e f f e c t s  t h a t  c a n  b e  p a s s e d

o n  t o  s u b s e q u e n t  g e n e r a t i o n s .

B i o l o g i c a l  e f f e c t s  o f  p o i n t  m u t a t i o n s  a r e

c u m u l a t i v e .

Health Effects (C o n t . )

The  p robab i l i t y  o f  deve lop ing  s tochas t i c  e f f ec t s

c a n  b e  c o m p a r e d  w i t h  t h o s e  i n  p e o p l e  o n l y
e x p o s e d  t o  b a c k g r o u n d  l e v e l s .

B e l o w  2 5  rads ,  t he  p robab i l i t y  o f  p roduc ing
o b s e r v a b l e  s t o c h a s t i c  e f f e c t s  i s  l o w  e n o u g h  t o

b e  m a s k e d  b y  b a c k g r o u n d  i n c i d e n c e .

F ree  rad i ca l s ,  h igh l y  reac t i ve  mo lecu les  w i th

u n p a i r e d  e l e c t r o n s , c a n  b e  p r o d u c e d  w h e n
rad ia t i on  ac ts  on  wa te r .

F r e e  r a d i c a l s  c a n  d a m a g e  c r i t i c a l  m o l e c u l e s .

Health Effects (C o n t . )

P e r o x i d e s  c a n  b e  p r o d u c e d  f r o m  h y d r o x y l  ( •O H )

f ree  rad i ca l s ,  a l so  caus ing  damage .

E a r l y  e f f e c t s  o f  a c u t e  e x p o s u r e  i n c l u d e  c h a n g e s

in  b lood - fo rm ing ,  sk in ,  rep roduc t i ve ,
gas t r o i n t es t i na l  and  cen t ra l  ne r vous  sys tems .

Changes  i n  t he  pe r i phe ra l  b l ood  coun t ,  espec ia l l y
the  dea th  o f  und i f fe ren t ia ted  s tem ce l l s ,  a re

sens i t i ve  ind ica to rs  o f  overexposure .

T h e  s k i n  i s  p r o n e  t o  d a m a g e ,  w i t h  f i r s t - d e g r e e

b u r n s  a t  3 0 0  r a d s ,  s e c o n d - d e g r e e  a t  1 0 0 0  r a d s ,
a n d  t h i r d - d e g r e e  a b o v e  s e v e r a l  t h o u s a n d rads .

Health Effects (C o n t . )

GI  t r ac t  i r r ad ia t i on  damages  o r  k i l l s  basa l

ep i t he l i a l  ce l l s ,  caus ing  nausea ,  vom i t i ng ,
n a u s e a ,  h e m o r r h a g e ,  s e p t i c e m i a ,  e l e c t r o l y t e

i m b a l a n c e  a n d  d e h y d r a t i o n .

G u t  d o s e s  a b o v e  1 0 0 0 rads  r e s u l t  i n  p e r m a n e n t

basa l  ce l l  des t ruc t i on  and  dea th  w i th in  1 -2
w e e k s  o f  e x p o s u r e .

Tempora ry  ma le  s te r i l i t y  can  occu r  a t  t es t i cu la r
d o s e s  o f  o n l y  3 0  r a d s ,  w i t h  p e r m a n e n t  e f f e c t s

a b o v e  7 5 0 rads . a n d  i m p o t e n c e  o c c u r s  a b o v e
3000  r a d s .

Health Effects (C o n t . )

W o m e n  c a n  e x p e r i e n c e  f e r t i l i t y  c h a n g e s  a n d

i r r egu la r  mens t rua l  cyc l e  a f t e r  an  ova r i an
d o s e  o f  s e v e r a l  h u n d r e d  rads .

S i g n i f i c a n t  d e a t h  o f  C N S  c e l l s  o c c u r s  a b o v e
s e v e r a l  t h o u s a n d  r a d s ,  w i t h  u n c o n s c i o u s n e s s

i n  m i n u t e s  a n d  d e a t h  i n  h o u r s  t o  d a y s .

W h o l e  b o d y  d o s e s  a b o v e  1 0 0  r a d s lead to

acu te  rad ia t i on  synd rome ,  wh i ch  i s  a
comb ina t ion  o f  p rev ious ly  l i s ted  e f fec ts .

De layed  e f f ec t s  can  occu r  a f t e r  a  seve re
o v e r e x p o s u r e  o r  s e v e r a l  l e s s e r  e x p o s u r e s .

Health Effects (C o n t . )

D e p e n d i n g  o n  t h e  d o s a g e ,  d e l a y e d  e f f e c t s  m a y
occu r  a f te r  ea r l i e r  ones  d i sappear .

C o n t i n u e d  e x p o s u r e  c a n  o c c u r  f r o m  e x t e r n a l  o r
in te rna l l y  depos i ted  sources  o f  rad ia t ion .

A  s ing le  acu te  inha la t i on  o r  i nges t ion  o f
rad ioac t i ve  ma te r i a l s  can  l ead  t o  ch ron i c

i r rad ia t ion  o f  t i ssue  near  the  s i te  o f  depos i t i on .

De layed  de te rm in i s t i c  e f f ec t s  i nc lude  ca ta rac ts

a n d  r e t a r d e d  m e n t a l  a n d  p h y s i c a l
d e v e l o p m e n t ,  y e a r s  a f t e r  l a r g e  d o s e s .



Toxicology, Pesticides, and Radiation - Radiation Environmental & Occupational Health

4

Health Effects (C o n t . )

A t o m i c  b o m b  s u r v i v o r s  h a d  i n c r e a s e d

l e u k e m i a  r i s k  b e t w e e n  3 . 9 - 6 . 4 %  p e r  r a d

o f  b o n e  m a r r o w  e x p o s u r e .

Fo r  r ad ioac t i ve  ma te r i a l s ,  t he  t ox i c  l eve l s

a r e  o r d e r s  o f  m a g n i t u d e  l o w e r  t h a n  f o r

n o n - r a d i o a c t i v e  m a t e r i a l s .

M i x t u r e s  o f  r a d i u m  a n d  z i n c  s u l f i d e  g l o w ,

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

p a r t i c l e s .

Health Effects (C o n t . )

W o m e n  s w a l l o w e d  l u m i n o u s  r a d i u m  p a i n t  f o r

c l o c k s  a n d  d i a l s  b y  p o i n t i n g  t h e i r  b r u s h e s

b e t w e e n  t h e i r  l i p s ,  c a u s i n g  b o n e  d a m a g e

i n c l u d i n g  o s t e o g e n i c  s a r c o m a .

R a d i u m  i s  r e t a i n e d  i n  b o n e s  f o r  2 5 - 3 5  y e a r s

a f t e r  e x p o s u r e ,  w h e r e  i t  i s  t o x i c  a b o v e  0 . 1

µg  a n d  c a r c i n o g e n i c  a b o v e  1  µg .

R a d o n  g a s  a n d  i t s  s h o r t - l i v e d  d e c a y  p r o d u c t s

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

c a n c e r  i n  m i n e r s .

Health Effects (C o n t . )

A  w o r k i n g  l e v e l  ( W L )  i s  a  u n i t  o f  r a d o n

d a u g h t e r s  w i t h  1 0 0  p C i  o f  r a d o n  p e r  l i t e r  o f  a i r .

A  w o r k i n g  m o n t h ’ s  ( 1 7 0  h o u r s ’ )  e x p o s u r e  a t  a

1  W L  l e v e l  i s  c a l l e d  a  w o r k i n g  l e v e l  m o n t h

( W L M ) .

C o n t i n u o u s  3 0  d a y  e x p o s u r e  t o  1 W L  i s  e q u a l  t o

4 . 2 3 5  W L M .

T h e  a v e r a g e  e x p o s u r e  i n  A m e r i c a n  h o m e s  i s

0 . 0 1 2 5  W L ,  o r  0 . 6 4  W L M  i n  3 0 ,  2 4  h r  d a y s .

Health Effects (C o n t . )

The  ave rage  exposu re  o f  g roups  o f  m ine rs  w i t h

e x c e s s  l u n g  c a n c e r  w a s  2 2 - 8 2 2  W L M .

In te rna l  d o s i m e t r y  mode l s  cons i de r  bo th

rad io l og i ca l  and  b io l og i ca l  pa rame te rs .

R a d i o l o g i c a l  p a r a m e t e r s  i n c l u d e  t y p e  a n d  e n e r g y

o f  rad ia t ion ,  ha l f - l i f e  o f  the r a d i o n u c l i d e, and
rad ioac t i ve  p rogeny .

B io l og i ca l  pa rame te rs  a re  chem ica l  f o rm ,  i nges t i on
or  inha la t ion  ra te ,  par t i c le  s ize ,  resp i ra t ion ,

m e t a b o l i s m ,  r e t e n t i o n ,  e x c r e t i o n  a n d  o r g a n  s i z e .

Health Effects (C o n t . )

I f  t he  k i ne t i c s  o f  a  r ad ioac t i ve  ma te r i a l  i s  known ,

one  can  de te rm ine  v i a  b i oassays ,  t he  dose
f r o m  t h e  i n t a k e  o f  a n y  r a d i o i s o t o p e .

Solub le  r ad ionuc l i des  c a n  b e  p l a c e d  i n  t h r e e
ca tego r i es  based  on  t he i r  f a t e ,  whe the r  t ha t  i s

un i fo rm d is t r i bu t ion ,  spec i f i c  o rgan
concen t ra t i on  o r  ske le ta l  depos i t i on .

Bone  depos i t o r s  w i t h  sho r t  ha l f - l i ves  (<15  days )
s tay  on  t he  su r f ace ,  expos ing  t he  e n d o s t e u m ,

wh i l e  ones  w i t h  l onge r  ha l f - l i ves  depos i t
d e e p e r ,  e x p o s i n g  t h e  m a r r o w .

Health Effects (C o n t . )

T r e a t m e n t s  g i v e n  t o  h a s t e n  r e m o v a l  m a y

i n c l u d e  i n c r e a s e d  w a t e r  c o n s u m p t i o n  ( f o r

t r i t i u m ) ,  a n d  c h e l a t i o n  t h e r a p y  ( f o r  b o n e

d e p o s i t i n g c a t i o n s ) .

I n  v i v o  b i o a s s a y s  c a n  o n l y  b e  u s e d  f o r

g a m m a  e m i t t e r s  a n d  b e t a  e m i t t e r s  n e a r

d e n s e  n u c l e i ,  w h i c h  r e s u l t  i n  x - r a y s .

In  v i t ro  b i o a s s a y s  i n v o l v e  t h e  a n a l y s i s  o f

b o d i l y  f l u i d s ,  e x c r e t i o n s ,  o r  e x h a l e d  a i r  t o

e s t i m a t e  t h e  i n t a k e  o f  r a d i o i s o t o p e s .


