[image: image1.emf]U - 238, 4n+2   Halflife  Alpha, MeV  Beta, MeV  Gamma,   MeV  x - rays  

U - 238  4.5 billion yr  4.27    Yes  

Th - 234  24 d   0.05   0.03  0.063   0.09  Yes  

Pa - 234  7   hr   0.1   0.2   0.3  0.01   0.02  Yes  

U - 234  250,000 yrs  4.8   4.7   Low e gammas  Yes  

Th - 230  75 ,000 yrs  4.6    yes  

Ra - 226  1 60 0 years  4.8   4.6   0.186  Yes  

Rn - 222  3.82 days  5.5   0.511   

Po - 218  3.1 min  6     

Pb - 214  27 min   0.2   0.3  0.242   0.295   0.352  Yes  

Bi - 214  20 min   1.26   0.5  0.609   1.765   1.120  Yes  

Po - 214  <1 sec so counted with Bi - 214  7.7     

Pb - 210  22 yrs   0.0 0 4   0.16  0.05  Yes  

Bi - 210  5 d   0.389    

Po - 210  138 days  5.3   4.5   0.046   

Pb - 206  stable      
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Typical Gamma ray Spectrum of Soil Sample



99.3% of all naturally occurring U is U-238;  U-238 series has lots of gammas >~250 keV while other series don’t;  about 2000 Bq =54,000 pCi of Ra-226 in our bodies [image: image3.png]Thorium 232 Lantern Mantle
Xeray Fluorescence at 75 ke to 80 keV. Radiation Sensors SPD 38 Nal(TI)

GS1100A MCA Gamma Spectacular,
Actinium 228 at 13 keV 2-10-13, Anti-Proton.com

Lead 212 at 238.63 keV/
“Thorium 228 at 166.41 keV

 Actinium 228 at 338.32 keV

/ Thallum 208 at 583.19 keV
/ _ Actinium 228 at 91121 keV/





	Th-232, 4n 
	Halflife
	Alpha, MeV
	Beta, MeV
	Gamma,MeV
	x-rays

	Th-232
	14 billion yr
	4

3.9
	
	
	yes

	Ra-228 
	5.8 yr
	
	Low e betas
	 
	

	Ac-228
	6 hr
	
	0.4

0.6
	0.338

0.911

0.968
	yes

	Th-228
	1.9 yr
	5.4

5.3
	
	0.08

0.166
	Yes

	Ra-224
	3.7 d
	5.7

5.4
	
	0.241


	Yes

	Rn-220
	56 sec-so not usually important
	6.3
	
	
	

	Po-216
	< sec
	6.8
	
	
	

	Pb-212
	11 hr
	
	0.09
	0.238
	

	Bi-212
	1 hr
	36% decays to 6 MeV alpha 
	64% decays to 0.8 beta
	From the beta decay: 0.727
	Yes

	Tl-208

(from the alpha decay of Bi-212)
	3 min
	
	0.649

0.441

0.535
	0.583
	Yes

	Po-212

(from the beta of Bi-212)
	<1 sec so counted with Bi-212
	8.8
	
	
	

	Pb-208
	Stable
	
	
	
	


