APES Release Questions (2003-2011)
Comfort in Numbers
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1. In order to model the effects of ocean acidification on coral reefs, some simplifying assumptions can be made. Use the assumptions in the table below to perform the calculations that follow. Assume that the total global area of corals growing in reefs is 2.5 × 1011 m2.

Assume that corals grow only vertically and that the average vertical growth rate of corals is 3 mm/year.

Assume that the average density of CaCO3 in corals is 2 × 103 kg/m3.

(i) Calculate the current annual global increase in volume, in m3, of CaCO3 in coral reefs. Show all steps in your calculation.

(ii) Calculate the current annual global increase in mass, in kg, of CaCO3 in coral reefs. Show all steps in your calculation.

(iii) Because of ocean acidification, it is expected that in 2050 the mass of CaCO3 deposited annually in coral reefs will be 20 percent less than is deposited currently. Calculate how much less CaCO3 , in kg, is expected to be deposited in 2050 than would be deposited if ocean water pH were to remain at its current value.

2. An important contributor to global climate change is the release of CO2 from the rapidly increasing number of coal-burning power plants in China. Assume that the coal burned at these plants to provide the power to manufacture a single MP3 player releases 40 kg of CO2 and that it costs $0.75 to capture 1 kg of CO2 and keep it from entering the atmosphere..

(i) How much CO2, in decagrams, do five MP3 players release?

(ii) Determine the cost, in dollars, to capture the total amount of CO2 released from manufacturing one MP3 player.

3. Under optimal conditions, the emission rate of methane by termites is approximately 70 kilograms of CH4 per year per 1,000 termites.

(i) Convert 70kg/year into grams per day.
(ii) Given a density of 4.5 × 107 termites per hectare and optimal conditions, calculate the annual amount of methane emitted, in kilograms, by the termites inhabiting a 2,000-hectare tropical rain forest.

4. It has been observed that soon after a tropical rain forest is cleared, termite density increases to an estimated 6.8 × 107 termites per hectare. Thereafter, the termite population size decreases dramatically.
(i) Find the number of termites per square meter.  (1 hectare = 10,000 m2)
(ii) Normally the density of termites in a tropical rain forest is 4.5 x 107 termites/hectare.  What is the percent increase?
(iii) Why do you think termite population decreases as a result of the density of the population suddenly increasing?
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5. Calculate the number of acres required to produce 1,000 liters of oil in one year from

(i) microalgae

(ii) soybeans

[1 gallon = 4 Liters]
[image: image3.emf]
6. The city of Fremont operates a municipal solid-waste landfill. As represented in the diagram above, the annual precipitation in Fremont is 200 mm/year: 50 percent of this water infiltrates through the landfill cover soil into the waste, and 50 percent drains off the landfill. A drainage system withdraws 90 percent of the leachate generated within the landfill for treatment. The rest of the leachate travels through the bottom liner of the landfill into the surrounding soil. Most of the cadmium disposed of in the landfill remains in the landfill; the leachate withdrawn from the landfill by the drainage system has an average cadmium concentration of 2.0 g/m3. Pumped to a treatment station, the leachate is treated at a cost of $10/m3.

(a) Calculate the volume, in m3, of each of the following:

(i) The water infiltrated through the landfill per year

(ii) The leachate that is treated per year

(b) Given that the cadmium concentration in the water draining from the landfill is 2.0 g/m3, calculate the mass, in kg, of cadmium that is released into the surrounding soil per year.

(c) What is the annual cost of treating the leachate from the drainage system?

7. Estimate the potential reduction in petroleum consumption (in gallons of gasoline per year) that could be achieved in the US by introducing electric vehicles under the following assumptions:
(i) The mileage rate for the average car is 25 miles per gallon of gasoline

(ii) The average car is driven 10,000 miles per year

(iii) The US has 150 million cars

(iv) 10% of the US cars could be replaced with electric vehicles

