
Chem 217 – Environmental Chemistry 

Homework #7 Solutions 

 

From VanLoon and Duffy. (Problem numbers are the same in 3rd and 4th edition unless noted 

otherwise.)   

Chapter 5 #3 (Assume hydrogen ion activity = concentration) 

 

 

Chapter 9 # 10  



 

 

 

 



Chapter 11 #3, 7, 14 

 

 

 



 

We also know that:  

 

Solving these two equations for [CO3
2-] gives 3.33x10-6 M.  

Alternately, one can make the assumption that at pH 7.34, [CO32-] is negligible compared to 

[HCO3-]. Therefore:  

 

 

Additional problems:  

1. Using the figure below, calculate the residence times of water in the ocean, atmosphere, 

and rivers and lakes (combined). Discuss your results. Are they consistent with your 

expectations? What are some limitations of these calculations? For example, do you think 

that all water molecules reside in the oceans for the calculated time? Why or why not?  

 

Ocean: t = 1335040x103 kg/413x103 kg/yr = 3230 yrs 

 



Atmosphere: t = 12.7x103 kg/(413 + 73)x103 kg/yr = 0.026 yrs = 9 days 

 

Rivers and lakes: t = 178x103 kg/40x103 kg/yr = 4.5 yrs 

 

2. The ionic composition (in units of mg m-3 aerosol) of an atmospheric aerosol in a tropical 

rain forest is:  

SO4
2- = 207, NO3

- = 18, NH4
+ = 385, K+ = 180, Na+ = 247, Cl- = 1136  

What pH would be required to balance the positive and negative charges?  

 

 

 
Cl-: 1136 mg/m3 /35.5 g/mol = 32 mmol/m3 = 3.2x10-2 mol/m3 

 

Charge balance: -(4.312 + 0.29 + 32 .0) + 21.39 + 4.615 + 10.74 = 0.143 mmol/m3  

Since the charge balance is positive, we need a negative ion (OH-) to balance it. 

 

[OH-] = 0.143 mmol/m3 * 1 m3/1000 L = 1.43x10-7 M 

pOH = -log(1.43x10-7) = 6.8  

pH = 7.2 

 

3. In the United States and in other parts of the world, control of both sulfur and nitrogen 

oxide emissions in the past decades have had a significant impact on their concentration 

in precipitation and the amounts deposited into water and soil. Consult the maps found at 

this link: http://nadp.slh.wisc.edu/data/animaps.aspx. Note the regions of major 

depositions of sulfur oxides, nitrogen oxides, and ammonia. What are the most important 

http://nadp.slh.wisc.edu/data/animaps.aspx


sources? Explain what legislative initiatives are likely to have had the greatest effect on 

the reductions observed. Comparing nitrate and ammonia, what are the reasons for the 

geographical differences in their distribution? What is the likely reason for the increase in 

ammonia levels during the time when amounts of other compounds are decreasing? 

SO2 – sources from coal burning in power plants, mainly in the Ohio River Valley, leads 

to deposition in the Northeast. Has been decreasing mainly due to restrictions on 

emissions under the Clean Air Act and a shift away from coal toward natural gas as a fuel 

as natural gas from fracking has become more available and its price has dropped.  

NOx – sources from combustion in power plants, industry, and cars. Sources are more 

widely distributed than SO2, but still fairly concentrated in the Northeast. Regulation of 

emissions has led to a decrease, though not as great as for SO2.  

NH3 – main sources are animal agriculture and fertilizer. These are distributed differently 

than combustion sources, with a wide distribution with the highest concentration in the 

Midwest. Sources are not regulated under the Clean Air Act and use has been increasing, 

leading to an increase in deposition rather than a decrease. Since the main sources are 

different, the pattern differs significantly from SO2 and NOx. 

 

 

 


