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Nuclear Chemistry 
 

 
Section 139 –Biological Effects of Radiation. 

 
 

1.  If a hospital were storing radioisotopes, what is the minimum containment needed to protect 
against: 
(a) cobalt-60 (a strong γ emitter used for irradiation) 
(b) molybdenum-99 (a beta emitter used to produce technetium-99 for imaging) 
Solution 
(a) thick shielding made of lead; (b) thin metal shielding 
 

2.  Based on what is known about Radon-222’s primary decay method, why is inhalation so 
dangerous? 
Solution 
Alpha particles can be stopped by very thin shielding but have much stronger ionizing potential 
than beta particles, X-rays, and γ-rays. When inhaled, there is no protective skin covering the 
cells of the lungs, making it possible to damage the DNA in those cells and cause cancer. 
 

3.  Given specimens uranium-232 (t1/2 = 68.9 y) and uranium-233 (t1/2 = 159,200 y) of equal mass, 
which one would have greater activity and why? 
Solution 
The sample of uranium-232 would have greater activity because half-life is inversely related to 
activity, so the material with the shorter half-life would have the larger activity if the atomic 
masses are similar. 
 

4.  A scientist is studying a 2.234 g sample of thorium-229 (t1/2 = 7340 y) in a laboratory. 
(a) What is its activity in Bq? 
(b) What is its activity in Ci? 
Solution 
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ln  2 ln  2 g
Activity =  =  = 2.234 g = 9.162  10  

7340 y y
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(a) Converted to Bq: 
23

5

9 9

g 1 y 1 d 1 h 1 mol 6.02  10  atoms 1 decay
9.162  10               

y 365 d 24 h 3600 s 229 g 1 mol 1 atom

decays
= 7.64  10   = 7.64  10  Bq

s

 
      

 
 

(b) Converted to Ci: 
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decays 1 Ci
7.64  10     = 2.06  10  Ci

decayss 3.7  10  
s



 
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5.  Given specimens neon-24 (t1/2 = 3.38 min) and bismuth-211 (t1/2 = 2.14 min) of equal mass, 

which one would have greater activity and why? 
Solution 
Because the atomic masses are dissimilar, calculations are needed to determine activity. 

1/2

ln  2 ln  2 g
Activity Ne =  =  = 1.000 g = 0.089 

3.38 min min
N N

t


   
   

  

1/2

ln  2 ln  2 g
Activity Bi =  =  = 1.000 g = 0.14 

2.14 min min
N N

t


   
   

    
While this appears to favor bismuth-211, the difference in masses will determine the absolute 
rate of decays occurring:

23
19g 1 min 1 mol 6.02  10  atoms 1 decay decays

Ne: 0.089          = 3.7  10  
min 60 s 24 g 1 mol 1 atom s


    

23
17g 1 min 1 mol 6.02  10  atoms 1 decay decays

Bi: 0.14          = 6.6  10  
min 60 s 211 g 1 mol 1 atom s


    

 
Thus, due to the smaller atomic mass, the neon-24 sample will have higher activity, despite 
having a longer half-life than the bismuth-211 sample. 
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