
Chem 217 – Environmental Chemistry 

Homework #2 

Due Friday Mar. 9 

 

Complete the following problems:   

Van Loon and Duffy, Chapter 2, #6 and Chapter 8, #3, 7, 10  

1. Below is a box model of the global nitrogen cycle.  

 
 

a. What fraction of the total nitrogen is atmospheric N2?  

b. What is the residence time of nitrogen in each of the reservoirs in the figure?  

c. Consider a “land reservoir” defined as the sum of the land biota and soil reservoirs. What is 

the residence time of nitrogen in this reservoir? Why is it so much longer than the residence 

times calculated for the individual land biota and soil reservoirs?  

d. Human activity over the past century has affected the nitrogen cycle by cultivation of 

nitrogen-fixing crops and application of industrial fertilizers to crops (increasing the land 

biofixation rate from 160 Tg N yr-1 (the ‘biofixation’ arrow in the figure) to 240 Tg N yr-1 (the 

industrial fertilizer arrow), and by fossil fuel combustion (increasing the nitrogen fixation 

rate in the atmosphere from 5 Tg N yr-1 to 30 Tg N yr-1 (the combustion/lightning arrow)). 

Note that the rates shown in the figure include these increases. Estimate the resulting 



percentage increases over the past century in the nitrogen contents of the land biota and 

ocean biota reservoirs. One thing to consider in your estimate is, based on the residence 

time in each reservoir, whether an increase in the rate of input to the reservoir will also 

result in an increase in the rate of output – that is, is the reservoir likely to come to a new 

steady state?  

e. Comment on how human activities have shifted the nitrogen balance and on the 

implications for the future.   

2. Mars is 2.3×108 km away from the Sun and its albedo is 0.15. Its only source of heat is solar 

radiation. The solar flux, Fs, for planets other than the Earth can be obtained from the equation  
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Where TS is the temperature of the Sun, 5800 K; RS is the radius of the Sun, 7×105 km; σ is the 

Stefan-Boltzmann constant, 5.67×10-8 W m-2 K-4; and d is the distance from the Sun to the planet.   

a. Using this information and the equations in Chapter 8 of your textbook, calculate the 

effective temperature of the Martian surface.   

b. The temperature observed at the surface of Mars is 220 K. What do you conclude about the 

Martian atmosphere?  

 

 


