ENV 110

Assignment #3


Name_____________________________________________

1.  Residence time and half-life calculations: 

a. Lake Superior has a water volume of 1.3 x 1013 m3.  Outflow from Lake Superior is 7.2 x 1010 m3/yr.  What is the water residence time of Lake Superior (ignore evaporation)?

b. If a lake is 100 m3 and has a water residence time of 5 years, what is the outflow from the lake (ignore evaporation)?

c. If Gustavus graduates 600 students per year and the average residence time is 4 years, what is the pool size of Gustavus students?

d. Polychlorinated biphenyls were used extensively in electrical transformers to keep them cool.  PCBs were banned in the U.S. in 1978 after they were found at high levels in arctic mammals.  PCB levels in the environment have generally been declining since then.  PCBs are declining in Lake Superior with an exponential decay rate of -0.20 per year.  What is the half-life of PCBs in Lake Superior?

e. Many chlorofluorocarbons (CFCs) are destroyed above the ozone layer by intense UV light.  Given that CFC-13 has a half-life of 50 years, what percentage of CFC-13 in the atmosphere today will remain in the year 2203?

2.  Mass Balance Calculations:

a. PCBs in Lake Superior are decreasing with an exponential decay rate of -0.20 yr-1.  In the year 2002 there were 1000 kg of PCBs in the lake.  How many kg of PCB are present in 2004 (2 year laters)?  Make a graph showing the mass of PCBs in the lake from 2002 to 2052.  How many grams of PCBs remain in 2052?
b.  Given the following information necessary to calculate inputs and outputs, determine the amount of PCBs that volatilized (evaporated from the surface) from Lake Superior in one year. (This is a difficult question, but only requires manipulation of the information given and a mass balance calculation – make sure to use consistent units).  (Hints –inputs to the system are from precipitation and rivers and outputs are due to rivers flowing out, burial in the sediments, and volatilization.  Use k to determine the change in PCB mass after one year.)
Initial PCB mass in the water = 10,000 kg

k = -0.02 yr-1
Surface area of Lake Superior = 8.2 * 10 10 m2  

precipitation = 75 cm/yr
PCB concentration in precipitation = 5 ng/L
Riverine Inflow = 5.4 * 10 10 m3/yr

PCB Concentration in rivers = 2 ng/L
Riverine Outflow = 7.1 * 10 10 m3/yr

PCB concentration in outflow = 1 ng/L
PCB accumulation rate in the sediments = 1 g*m-2*yr-1
Assume surface area of the sediments is the same as the surface area of the lake.
3.  Feedback.  Explain what negative and positive feedback are and give an example of each.
