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Radiation In Your Home? 
Coming to work one morning, Mr. Brown triggered the radiation monitor when he went into the nuclear power plant where he worked.  The monitor was of course placed there to check workers for radioactive contamination when they left work.  The radon level in the Brown’s home was measured to be 2500 picocuries per liter (pCi/L) of air.  
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Radon is a colorless, odorless gas, a radioactive byproduct of radium that's formed during the natural breakdown of uranium in soil, rock, and water. Radon exits in the ground and can seep into your home through cracks and holes in the foundation. Radon gas can also contaminate well water.​ It has a half-life of 3.75 days, decaying by the emission of alpha particles to lead-206 in successive steps. 

1.  Write balanced nuclear equations for the decay of radon-222 to lead-206 in eight steps. 
a. Step 1: Radon-222 decays by alpha emission. 


b. Step 2: The daughter product in part a decays by alpha emission.


c. Step 3: The daughter product in part b decays by beta and gamma emissions.


d. Step 4: The daughter product in part c decays by beta and gamma emissions.


e. Step 5: The daughter product in part d decays by beta emission.


f. Step 6: The daughter product in part e decays by alpha emission.


g. Step 7: The daughter product in part f decays by beta and gamma emissions.


h. Step 8: The daughter product in part g decays by alpha and gamma emissions.




At what level is Radon dangerous?
[image: Presence of Radon gas in Australia]One would think that radon was the least of our radiation problems since it is an inert gas but inhalation of radon-222 and its decay to form other isotopes poses a health hazard. In the process of breathing, the radon gas simply goes in and out of the lungs, doing little damage, but the radon daughters, being basically solid materials, and sometimes being electrically charged, can stick to the surfaces of the bronchial tubes. This puts them right where they can do the most harm.  The cells lining the bronchial tubes are among the cells of our body most sensitive to radiation-induced cancer. The alpha particles emitted in the decay of radon daughters, in spite of their poor penetrating power, can reach these very sensitive cells because they are deposited so close to them. To make matters very much worse, alpha particles are much more efficient than other types of radiation for inducing cancer. The very fact that they are not penetrating means that they dump a lot of their energy into each of the biological cells they pass through, and this large release of energy into a single cell is just what is needed to initiate a cancer. As a result an alpha particle is a hundred times more likely to cause cancer than other types of radiation, if it can reach the target cells. 
2.  Identify the following types of nuclear radiation
e   			  He 			  γ  			
Has no mass or charge, almost always follows α or β decay			
An electron	 		
Least penetrating nuclear decay						
Most damaging nuclear decay to the human body				
Nuclear decay that can be stopped by skin or paper.			
Nuclear decay that can be stopped by aluminum.				
Radon is believed to be an important cause of lung cancer, killing about 10,000 Americans each year. Only cigarette smoking causes more lung cancer deaths per year. And in perhaps one out of a thousand American homes, radon levels are so high they pose a greater lung cancer risk than smoking a pack of cigarettes per day.  With a lifetime exposure of 4 pCi/L, about 2 out of 1000 people will develop cancer, which is equivalent to the risk of drowning.
It is generally assumed that no level of ionizing radiation is completely safe, but one must try to set a threshold of reasonably tolerable risk. The EPA suggests an "action level" of 4 picocuries per liter in air. This level corresponds to about 8 to 9 atoms of radon decaying every minute in every liter of air. The mean radon level in houses throughout the western world is estimated to be about 1 pCi/l.  The risks of radiation exposure have been expressed in terms of the "loss of life expectancy" of 20 hours for a year’s exposure to 1 pCi/L in your home.  
3.  Assuming the level of radiation in the Brown’s home has been 2500 pCi/L of air per year for 5 years, what is his reduced life expectancy in years?


4.  Based upon the data above, what is the likelihood of Mr. Brown developing cancer (in percent)?


5.  a. With a radioactive half-life of 3.75 days, how many half-lives have elapsed after 30 days?


    b. How much of a 50. mg sample of radon remains after 30 days?


6.  a.  How many alpha particles are produced as one atom of radon-222 decays to an atom of lead-206? ___________

    b. How many beta particles are produced?		
Questions
7.  A substance has a mass of 5 grams after decaying for 100 minutes.  What was the mass of the original sample if the half-life is 25 minutes?


8.  A radioisotope has a half-life of 50 years?  What period of time will be required for the sample to decay to 1/64 its original activity?

What mass of the original isotope will remain after 120 minutes?
9.  Predict the products of the following nuclear reactions.
 K →    e + __________

Pu  →  He +__________ 

U  →  __________  +  Th

H  +  H  →  __________

Li  +  n  →   He +  __________

Al  +  He  →  P  +  __________
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Be  +  H   →   __________ +  He

K   →    e  +   __________

__________  + n   →  Ba  +   Kr  +  3 n

U  +  He   →   __________  +  n
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