
CH217 Exam II 2017 
(time limit - 3 contiguous hours) 

 
Please report the start time and end time on the first page of the exam.  Please 
sign the exam to acknowledge that this is your own work.  The exam is open note 
and open “book”.  You may not consult with others on the exam. 

 
1) Why would a 10 ppm increase the methane concentration in the atmosphere result 

in significantly more global warming than a 20 ppm increase on carbon dioxide.   
Please support your answer with appropriate calculations. 
 

The global warming potential of methane is 20 times the global warming potential of 
CO2.   Estimated impact = 10/20 * 20 = 10.  We would expect the impact of a 10 ppm 
increase to be 10 times a 20 ppm increase in CO2. 
 

2) Particles in the atmosphere have been credited with global cooling (if they contain 
mostly sulfate – highly reflective) and global warming (if they contain black 
carbon from incomplete combustion).  Most particles only have an atmospheric 
residence time of two weeks.    How might particles influence global climate over 
the next 50 years and how are particles different than other greenhouse agents like 
CO2 or methane? 

 
Due to the relatively short residence times we expect particles to impact climate near the 
source of the particle production.   CO2 and methane have a long enough residence time 
that they are well mixed in the atmosphere and have global impact on temperatures.   
 
Particles would create more regional climate change and we would expect a more 
seasonal (due to source variation) signature to the warming/cooling.   Another big 
difference is that particles cool in addition to warming the environment.  An exception to 
the regional impact is volcanic emissions that are able to eject particles and particle 
forming gases high into the stratosphere where removal rates are much slower.    
 
 

3) Describe the major physical and chemical processes responsible for the 
production of ground level ozone pollution (smog).  Using the data shown in 
Appendix A, comment on the recent claim that current pollution levels in Maine 
are caused by emissions in Southern New England. 

 
Smog (five things) à NOx, light, temp, organic carbon, contained air mass. 
 
Discuss the chemistry à reactions and relative residence times (days) 
 
Discuss the relationship between NOx and DOC.  (like homework) 
 
Southern NE is not the source of smog to Maine based on trajectory data since the air is 
coming from southern Canada! 



 
 
 
 

 
4) Colby is a major consumer of biomass and some fossil fuel used for heating and 

electrical generation for the campus.  Using the data in Appendix B, predict the 
relative concentration and chemical forms of sulfur and nitrogen deposition to 
central Maine over the next six hours.  Please be as specific as possible and 
consider the fuel source and weather carefully. 

 
Biomass combustion will produce NOx.   Fossil fuel will produce both NOx and SO2, 
but more NOx.    Over six hours the air will move up to 50 km.  The deposition will 
occur within the 10-50 km range moving toward the NE.  This is a fairly short period of 
time so we would expect.. 
 

 
 
SO2 deposition to land and little wet deposition unless it was raining.   In 6 hours a lot of 
the material will still be in the gas phase. 
 



 
 
Similar results for NOx.   NO2 and HNO3 can be produced in hours and will dry deposit.   
We would expect a greater NO2 and HNO3 flux relative to SO2 due to low sulfur content 
of our fuels. 
 
 
 

5) The concentration of oxygen in Snow Pond this past Friday was 11.3 ppm.  What 
is the molar concentration of oxygen in the lake and would you expect oxygen to 
increase or decrease in the surface of the lake over the next month?  What about 
the oxygen concentration in the deep water of the lake?  Explain.  

 
 
11.3 ppm = 11.3 mg/l water.    0.0113 g/32/1.0 L = 3.53e-4 M or 353 uM. 

 

The water is currently in equilibrium with the atmosphere and the surface water will stay in equilibrium.   
As the lake warms the solubility will decrease and therefore the dissolved oxygen will decrease.  The deep 
water in the lake will start at 11.3 ppm and would remain constant if deep water respiration was low.   In 
the Belgrade Lakes the respiration is not low and O2 will begin to decrease rapidly after stratification. 

 

 

 

 

 


