
 

 

   

 
 

\G e n e r a lP o l o n i u m i s a r a d i o a c t i v e s u b s t a n c e t h a t c a n b e f o u n dt h r o u g h o u t o u r n a t u r a l e n v i r o n m e n t . P o l o n i u m w a sd i s c o v e r e d i n t h e l a t e 1 8 0 0 s w h e n M a r i e a n d P i e r r e C u r i ew e r e t r y i n g t o d e t e r m i n e w h y s o m e t h i n g t h e y w e r es t u d y i n g w a s s t i l l r a d i o a c t i v e e v e n a f t e r t h e y h a d e x t r a c t e ds o m e o f t h e r a d i o a c t i v e c o n t e n t s .W h e n i t i s p u r i f i e d , p o l o n i u m m e l t s a t a l o w t e m p e r a t u r ea n d c a n b e v o l a t i l e . T h e r e a r e d i f f e r e n t t y p e s o f p o l o n i u md u e t o a v a r y i n g n u m b e r o f n e u t r o n s i n t h e n u c l e u s o f t h ei s o t o p e s . W e a r e a w a r e o f 2 5 i s o t o p e s o f p o l o n i u m ;p o l o n i u m - 2 1 0 i s o n e o f t h e m .T h e p o l o n i u m i s o t o p e s t h a t a r e k n o w n a r e r a d i o a c t i v e , b u tm o s t a r e v e r y s h o r t - l i v e d a n d d e c a y r a p i d l y . O f t h e 2 5k n o w n i s o t o p e s , t h e r e a r e t h r e e t h a t h a v e l o n g e r h a l f - l i v e s .T h o s e i s o t o p e s a r e p o l o n i u m - 2 0 8 , p o l o n i u m - 2 0 9 , a n dp o l o n i u m - 2 1 0 . T h e m o s t w i d e l y u s e d a n d t h e o n eo c c u r r i n g m o s t i n n a t u r e i s p o l o n i u m - 2 1 0 .P o l o n i u m - 2 1 0 h a s a
half-life1

o f 1 3 8 d a y s , a n d i t d e c a y s t os t a b l e l e a d - 2 0 6 b y e m i t t i n g a n
alpha particle ( a n a l p h ap a r t i c l e h a s t w o p r o t o n s a n d t w o n e u t r o n s ) . W i t h a s p e c i f i ca c t i v i t y o f 1 6 6 T B q / g , o n e m i c r o g r a m o f i n g e s t e d p o l o n i u mw o u l d d e l i v e r a

Committed Effective Dose Equivalent
o fa p p r o x i m a t e l y 2 0 0

Sv ( 2 0 , 0 0 0 r e m ) . T h i s v a l u e a s s u m e st h a t t h e p o l o n i u m i s i n c o r p o r a t e d i n f o o d a n d t h a t 5 0p e r c e n t o f t h e i n g e s t e d m a t e r i a l i s a b s o r b e d b y b l o o d .O r i g i n sP o l o n i u m - 2 1 0 e x i s t s n a t u r a l l y ; t h e r e a r e t i n y a m o u n t s i no u r b o d i e s a n d s m a l l q u a n t i t i e s i n t h e s o i l a n d a i r .A l t h o u g h i t c a n b e p r o d u c e d b y t h e c h e m i c a l p r o c e s s i n g o fu r a n i u m o r e s o r m i n e r a l s , u r a n i u m o r e s c o n t a i n l e s s t h a n0 . 1 m i l l i g r a m o f p o l o n i u m - 2 1 0 p e r t o n .
                                                 
1
 Words in italics are defined in the Glossary on page 3. 
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Bq( h u n d r e d s o f

microcuries
) o f r a d i o a c t i v i t y t o t e n s o f G B q( t e n t h s o f

curies
) f o r c e r t a i n i n d u s t r i a l a p p l i c a t i o n s .P o l o n i u m - 2 1 0 c a n a l s o b e c o m b i n e d w i t h b e r y l l i u m t op r o d u c e n e u t r o n s o u r c e s .H e a l t h E f f e c t sI f a s o u r c e o f p o l o n i u m - 2 1 0 i s o u t s i d e o f t h e b o d y , i t i s n o ta h e a l t h h a z a r d . I t c a n b e a h e a l t h h a z a r d i f i t i s t a k e ni n s i d e t h e b o d y . T h e a l p h a p a r t i c l e s e m i t t e d b y p o l o n i u m -2 1 0 d o n o t t r a v e l f a r a n d t h e y d e p o s i t t h e i r e n e r g y i n av e r y s m a l l a r e a . T h i s i s w h y t h e y c a n n o t p e n e t r a t e t h el a y e r o f s k i n o n o u r b o d i e s , b u t d o d a m a g e i n t e r n a ls t r u c t u r e s b y k i l l i n g o r i n j u r i n g n e a r b y c e l l s .T h e m o s t c o m m o n w a y s t o g e t r a d i o a c t i v i t y , i n c l u d i n gp o l o n i u m - 2 1 0 , i n s i d e t h e b o d y a r e b y e a t i n g i t , b r e a t h i n g
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i t , o r d r i n k i n g i t . I f p o l o n i u m i s t a k e n o r a l l y ( b y m o u t h ) ,e x c r e t i o n i s l a r g e l y v i a t h e f e c e s . 2 W h a t i s l e f t w i l l t r a v e lt h r o u g h o u t t h e b o d y v i a t h e b l o o d s t r e a m , w i t h m u c h o f i tf i n a l l y e n d i n g u p i n t h e s p l e e n a n d k i d n e y s .I f p o l o n i u m i s i n h a l e d , s o m e o f i t w i l l s t a y i n t h e l u n g s .A l m o s t h a l f o f t h e p o l o n i u m t h a t s t a y s i n t h e b o d y c a n b ef o u n d i n t h e s p l e e n , k i d n e y s , a n d l i v e r . A s m a l l p o r t i o nw i l l g o t o t h e b o n e m a r r o w w h i l e t h e r e s t i s d i s t r i b u t e dt h r o u g h o u t t h e b o d y , m a i n l y i n t h e b l o o d , i n t h e l y m p hn o d e s , a n d o n t h e m u c o u s l i n i n g o f t h e r e s p i r a t o r y t r a c t .A l p h a p a r t i c l e s
 

e m i t t e d f r o m p o l o n i u m - 2 1 0 c a n d i s r u p tc e l l s t r u c t u r e s , f r a g m e n t n u c l e i , d a m a g e
DNA

, a n d c a u s ec e l l d e a t h .T h e e x t e n t o f b i o l o g i c a l d a m a g e c a u s e d f r o m a l p h ae m i t t e r s l i k e p o l o n i u m - 2 1 0 i n t h e g a s t r o i n t e s t i n a l ( G I ) t r a c ti s n o t w e l l k n o w n . S o m e d a t a g a t h e r e d f r o m a n i m a ls t u d i e s d u r i n g t h e 1 9 6 0 s i n d i c a t e d t h a t a l p h a e m i t t e r sa c t u a l l y d e l i v e r l e s s
dose

t o t h e m u c o s a l l i n i n g p e r B q t h a n
                                                 
2
 Stannard JN, 1988; p. 213. 

b e t a o r g a m m a e m i t t e r s . T h i s m a y b e d u e t o t h e s h o r tr a n g e o f t h e a l p h a p a r t i c l e . A s f o o d t r a v e r s e s t h r o u g h t h eG I t r a c t , i t m o v e s t h r o u g h b y m u s c u l a r c o n t r a c t i o n s i nc l u s t e r s t h a t a r e r e f e r r e d t o a s a b o l u s o f f o o d . A s a b o l u sc o n t a i n i n g a l p h a e m i t t e r s t r a v e r s e s t h e G I t r a c t , o n l ya l p h a s t h a t a r e o n t h e e d g e o f t h e b o l u s a r e c l o s e e n o u g ht o t h e e p i t h e l i a l c e l l s o f t h e G I t r a c t t o r e s u l t i n r a d i a t i o nd o s e t o t h e i n t e s t i n a l l i n i n g .B o n e m a r r o w d e p r e s s i o n w i l l o c c u r w i t h a 5 G y ( 5 0 0 r a d )w h o l e - b o d y s i n g l e r a d i a t i o n d o s e a n d i s l i k e l y t o b e t h ep r i n c i p a l b i o l o g i c a l e f f e c t f o r a c u t e l y l e t h a l i n t a k e s .P o l o n i u m - 2 1 0 i n s i d e s o m e o n e ’ s b o d y i s n o t d e t e c t a b l ew i t h s t a n d a r d r a d i a t i o n s u r v e y i n s t r u m e n t s u s e d o u t s i d et h a t p e r s o n ’ s b o d y . T e s t i n g t h e i n d i v i d u a l ’ s u r i n e o r f e c e sf o r a l p h a r a d i a t i o n w o u l d b e t h e m e t h o d o f d e t e c t i o n . F o rs o m e o n e t o b e p o i s o n e d w i t h p o l o n i u m - 2 1 0 , a l a r g er a d i a t i o n d o s e w o u l d b e n e e d e d — a d o s e n o t p o s s i b l e w i t hn a t u r a l l y o c c u r r i n g p o l o n i u m - 2 1 0 , b u t p o s s i b l e w i t h m a n -m a d e p o l o n i u m - 2 1 0 .
 

 

 

 

 

 
Isotope  Half-Life  Specific Activity (TBq/g)  Decay Mode  Alpha (α) Energy (MeV) 

Polonium-208  2.9 yr  21.8  α  5.1  

Polonium-209  103 yr  0.63  α  4.9  

Polonium-210  138 days  166  α  5.3  

     g = gram and MeV = million electron volts 
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Glossary  
 

Alpha Particle  

A positively charged particle ejected spontaneously from the nuclei of some radioactive elements. It is identical to a 

helium nucleus that has a mass number of 4 and an electric charge of +2. It has low penetrating power and a short range (a 

few centimeters in air). The most energetic alpha particle will generally fail to penetrate the dead layers of cells covering 

the skin and can be easily stopped by a sheet of paper. Alpha particles represent much more of a health risk when emitted 

by radionuclides deposited inside the body.  

 

Bq or Becquerel 

The unit of radioactive decay equal to one disintegration per second. The becquerel is the basic unit of radioactivity used 

in the international system of radiation units, referred to as the “SI” units. Thirty-seven billion (3.7×10
10
) becquerels = 1 

curie (Ci). (A megabecquerel or MBq is 10
6 
Bq. A gigabecquerel or GBq is 10

9
 Bq. A terabecquerel or TBq is 10

12
 Bq.) (1 

millicurie or 1,000 microcuries equals 37 MBq.) 

  

Ci or Curie 

The original unit used to express the decay rate of a sample of radioactive material. The curie is equal to that quantity of 

radioactive material in which the number of atoms decaying per second is equal to 37 billion (3.7×10
10
). It is based on the 

rate of decay of atoms within one gram of radium. It is named for Marie and Pierre Curie, who discovered radium in 

1898. The curie is the basic unit of radioactivity used in the system of radiation units in the United States, referred to as 

“traditional” units. A microcurie is 10
-6
 curie. 

  

Committed Effective Dose Equivalent (CEDE) 

CEDE is the sum of the radiation dose to each of the body organs or tissues, considering their sensitivity to radiation, that 

is received from an intake of radioactive material by an individual during the 50-year period following the intake.   

 

DNA  

Deoxyribonucleic acid (DNA) is a nucleic acid that contains the genetic instructions for the biological development of a 

cellular form of life or a virus. All known cellular life and some viruses have DNA. DNA is a long polymer of nucleotides 

(a polynucleotide) that encodes the sequence of amino acid residues in proteins, using the genetic code.  

  

Dose 

A general term used to refer either to the amount of energy absorbed by a material exposed to radiation (absorbed dose) or 

to the potential biological effect in tissue exposed to radiation (equivalent dose).  

 

Gy or Gray 

The international system (SI) unit of radiation absorbed dose in terms of energy deposited per unit mass of material, e.g., 

tissue. The gray is the unit of absorbed dose and has replaced the rad. 1 gray = 1 Joule/kilogram and also equals 100 rad.  

  

Half-Life  

Also called physical or radiological half-life, the time in which one-half of the activity of a particular radioactive 

substance is lost due to radioactive decay. Measured half-lives vary from millionths of a second to billions of years. The 

biological half-life is the time required for the body to eliminate, by biological processes, one-half of the material 

originally taken in. The effective half-life is the time required for the combined action of the physical and biological half-

lives to reduce the activity by 50 percent.  

 

Radioactive Decay  

The decrease in the amount of any radioactive material with the passage of time due to the spontaneous emission from the 

atomic nuclei of either alpha or beta particles, often accompanied by gamma radiation.  

 

Sv or Sievert 

The international system (SI) unit for dose equivalent equal to 1 joule/kilogram. The sievert has replaced the rem; one 

sievert is equal to 100 rem.  
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Radiation Dose Comparisons  

 
Listed below are radiation doses from common life activities, medical procedures, and types of radiation exposure that 

can cause acute (prompt) effects. 

 

Item Dose (Gy) Dose (mrad) 

Flying Roundtrip from New York to California 0.00006 6 

Chest X Ray 0.00006 6 

One-View Abdominal X Ray 0.001 100 

Average Annual Background Radiation Dose 0.0036 360 

Abdominal CT Scan 0.01 1,000 

NRC Occupational Worker Annual Limit 0.05 5,000 

Acute Dose Causing Decreased White Blood Cell Count 1 ~ 100,000 

Lethal Dose to 50 Percent of the Exposed Individuals 

Without Medical Intervention (LD50/60) 

4.5 ~ 450,000 
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