
CH217 Exam II, 2016 
(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) One of the major sources of pollution to the Androscoggin River in western 
Maine is the addition of organic carbon from paper mills along the river.   If the 
river is 100 meters wide, 10,000 meters long, and 5 meters deep how much 
organic carbon (CH2O)106(NH3)16PO4) in kg could be added to river each day 
before it becomes anoxic?  Assume anoxia is defined as <10% oxygen saturation, 
t = 25oC, and use an oxygen flux across the surface of the river of 0.9 moles/m2 
day.     The river length dimension of 10,000 meters is the average flow distance 
of the river each day.   Start by drawing a simple diagram of the river and labeling 
all flows into and out of the system. 

 
2) Building on question one above, how would the pH of the river water change 

below the paper mills?   Assume the total alkalinity of the water is 0.1 mM and 
the total CO2 is 0.2 mM upstream of the mill.    Will the pH change with time? 

 
 

3) The article below describes efforts of Beijing to curb smog in this large city 
during the last summer Olympics.  How are ozone concentrations tied into NOx 
emissions?   What type of modeling did the scientists need to perform in order to 
estimate NOx emissions from ozone concentrations observed by a satellite?  
Please be specific.   How is it possible that a short, three day, ban could have such 
immediate effects? 

 
Smog Takes a Holiday 

By Phil Berardelli    Science NOW Daily News  1 May 2007 

Researchers studying the effects of a recent traffic ban in China have made a 
startling discovery: Curbing the use of motor vehicles caused a substantial and immediate 
drop in the production of a particular class of smog-causing chemicals--a far bigger 
reduction than anyone had expected. The finding could help authorities craft strategies 
for cleaning up one of the world's smoggiest cities during next year's Olympics, and it 
could guide efforts to reduce smog in other cities around the globe. 

Last November, Beijing became a test case for the Chinese government's attempts 
at pollution control. Both Olympic and health officials are concerned about the effects of 
smog on world-class athletes during next year's summer games. A major component of 
smog is NOx, a mixture of nitrous oxide (NO) from vehicle exhaust and nitrogen oxide 
(NO2), which is formed when NO is released into the atmosphere. NOx can cause a wide 
array of environmental damage--including smog, acid rain, and even degradation of water 
quality--as well as endangering the health of human lung tissue. Because vehicle 



emissions contribute an estimated 70% of atmospheric NOx rising over Beijing, officials 
enacted restrictions that kept about 800,000 vehicles--nearly 30% of Beijing's total--off 
of the streets for 3 days last November. Officials immobilized government and private 
vehicles and lowered bus fares. 

The ban had dramatic effects. Scientists using the data from Dutch-Finnish Ozone 
Monitoring Instrument aboard NASA's polar-orbiting Aura satellite, plus computer 
models, found that atmospheric concentrations of NOx immediately dropped by 40%, 
compared with levels a week before and 2 weeks afterward. The Chinese action "clearly 
demonstrated the effectiveness of traffic restrictions on reducing major air pollutants in 
urban areas," says atmospheric scientist and lead researcher Yuxuan Wang of Harvard 
University, whose team reports its findings in the 28 April issue of Geophysical Research 
Letters. "Controlling vehicular emissions would be an important step in achieving better 
air quality in the urban environment," she says. 

The findings make sense, says atmospheric chemist Christopher Cantrell of the 
National Center for Atmospheric Research in Boulder, Colorado. "In urban areas, motor 
vehicles are the main source of NO2," he notes. "If you cut back on emissions, you would 
expect a similar result." The more impressive aspect of the data, says Cantrell, is the high 
resolution of the Ozone Monitoring Instrument, which allows measurements from space 
of areas as small as cities. 
 
4. Considering the significant atmospheric flux of NOx from automobiles in Beijing, 
describe the factors that you would need to consider to estimate the impact of NOx 
emissions on the acidity in rain northeast China. 
 
5.   Iron is a bioactive metal believed to limit (or colimit) plankton growth in the ocean.  
The expanded Redfield stoichiometry for respiration/photosynthesis including iron and 
silica becomes, 

  
(CH2O)106(SiO4)50(NH3)16(H3PO4)Fe0.001  +  138O2 ó  
                               106CO2  + 50 SiO4 + 16HNO3 + H3PO4 + 0.001Fe + 122H2O  
 

where silica is only needed for specific plants – diatoms.   Read on …. 
  

Carbon Sinks, But Does It Stay?  ScienceNOW, --BETSY MASON 
The debate over adding iron to the ocean to curb rising atmospheric carbon dioxide levels 
heated up this week, as an ambitious experiment in the Southern Ocean suggested that the 
ocean can take up more carbon dioxide than previously thought. But scientists caution 
that it’s too soon to be sure. 

The Southern Ocean contains vast areas of nutrient-rich water with few phytoplankton--
tiny plants that gobble up carbon dioxide during photosynthesis. Previous experiments 
showed that a lack of iron was the likely limiting factor, and that adding iron to these 
areas caused the phytoplankton to bloom. Researchers proposed that "fertilizing" the 
areas with iron would trigger massive blooms that would suck carbon dioxide from the 
atmosphere, helping to brake global warming. 



But there was a wrinkle. Scientists thought that only larger phytoplankton, known as 
diatoms, would sink to the deep ocean, taking the carbon with them and keeping it from 
returning to the atmosphere. Diatoms are scarce in large parts of the Southern Ocean, 
because the water is low in silica, a key ingredient they need to grow. That seemed to 
limit the areas that looked promising for iron fertilization. 

The new experiments suggest this worry over silica was unfounded. Oceanographer 
Kenneth Coale of the Moss Landing Marine Laboratories in California and colleagues 
added iron to two 225-square-kilometer patches in the Southern Ocean, one with a lot of 
silica, and one without. Surprisingly, they found that both patches bloomed and took up 
carbon. In the low-silica area, smaller phytoplankton clumped together and sank, much as 
the diatoms in the high-silica area did. That suggests that much more of the ocean could 
take up carbon and bolsters the idea that increased iron levels in ancient oceans may have 
helped drive ice ages. 

The experiment, known as the Southern Ocean Iron Experiment (SOFeX), also found that 
in both the high- and low-silica patches, fertilization boosted the concentration of organic 
matter 100 meters below the surface. That's an encouraging sign that the dying diatoms 
had locked up carbon at the surface and were carrying it with them to their watery grave. 

Another surprising result was evidence that nitrogen, an essential ingredient for 
phytoplankton growth, escapes from the sinking particles and remains near the surface, 
where it can help spur the growth of more phytoplankton. “This could increase 
dramatically our estimation of the capacity of the Southern Ocean to store carbon,” says 
Coale. The research is reported in three papers published online 15 April by Science. 

Although the results appear to be good news for proponents of iron fertilization, the 
ultimate fate of the carbon is still unknown, says biogeochemist Jorge Sarmiento of 
Princeton University. His computer models suggest that the effects of fertilization may be 
too short-lived to make much of a dent in the atmosphere's carbon dioxide concentration. 

A) How will the pH of the surface ocean change due to the iron fertilization, please 
explain? 

B) If the thermocline in the southern ocean is at 75 meters, how will the pH of the 
ocean change at 100 meters? 

C) How does this work support the idea that “much more of the ocean could take up 
carbon and bolsters the idea that increased iron levels in ancient oceans may have 
helped drive ice ages”? 

D) Calculate how much CO2 could be removed by a 1 m2 area of the ocean if iron is 
indeed the limiting nutrient and iron is added to the epilimnion (top 75 meters) to 
a final concentration of 1 nanomolar? 

Interesting fact:  John Martin, a Colby Biology major class of 1955, was the first 
scientist to propose the experiment described above. 


