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Part I - Problem Solving

Problem 1  (15 Points) 


Suppose a 70-kg man is exposed to 0.1 mg/m3 of tetrachloroethylene in the air at his workplace.  He inhales 1 m3/hr, 8 hours per day, 5 days per week, 50 weeks per year, for 30 years at a company that exposes about 2 million people to the same conditions (75 % men, 25 % woman). Suppose the average lifetime expectancy is 70 years.  Assume that the tetrachloroethylene has an absorption factor of 90 percent and an inhalation potency of 2 x 10-3 (mg/kg-day)-1.  

a) What would be the man’s lifetime cancer risk?

b) What would the risk be to a 50-kg woman similarly exposed?

c) How many cancers per year among men would occur? 

d) Is there any need for the company to reduce the risk associated with the tetrachloroethylene exposure based on the information given?  Explain your answer based on your understanding of EPA guidelines and risk assessment.

Problem 2  (15 Points)


Ammonia (NH3) is a basic gas produced by the decomposition of urea.  A major emission source of ammonia is cattle feed lots.  Determine the equilibrium pH of initially pure water that is exposed to air containing 25 ppb of ammonia, typical concentrations found in polluted urban environments.  Assume that the temperature is 25oC and the total air pressure is P = 1 atm.  Neglect the presence of any other acid/base gases such as CO2.


Equations:

NH3 (g) ( NH3 (aq),  KH = 62 M/atm

NH4+ (aq) ( NH3 (aq) + H+,  pKa = 9.23

Problem 3  (20 Points)


Algae, represented as C106H263O110N16P, are becoming an environmental problem due to a newly built wastewater treatment plant (WWTP) along a stream (Happy Brook) in Bushkill County.  The new treatment plant has concentrations of 0.6 mg/L nitrogen (N) and 0.02 mg/L phosphorous (P) present in the effluent stream entering Happy Brook.  The effluent stream is flowing at an average of 2 m3/s.  The receiving stream, Happy Brook, has a flow of 20 m3/s.  A team of students from Happy College has been taking samples along the stream for a period of about a year.  One of the sampling points is right at the point the WWTP effluent is now entering Happy Brook.  The average concentrations of nitrate (NO3-) and phosphate (PO4-3) have been reported to be 1.55 mg/L and 0.25 mg/L respectively by the students.  (Show all calculations and be certain to prove each part mathematically (i.e., no guessing))

a) What is the limiting nutrient in the stream just before the WWTP?

b) What is the limiting nutrient in the WWTP effluent stream?

c) What are the concentrations of the nutrients, expressed as N and P, just after the WWTP?

d) What is the limiting nutrient just after the WWTP?

e) Assume the National Pollution Discharge Elimination System (NPDES) permit issued by the Department of Environmental Protection (DEP) has established that the growth potential for algae in the stream can be no more than 6 mg/L.   What must the maximum concentrations of the nutrients entering the stream from the WWTP be maintained at?







Part II – Short Answers

1) Briefly explain what type of particles do not settle out by gravity and why. (3 Points)











2) Regarding solubility (4 Points)

a) What makes alum an ideal chemical to use in the coagulation process?

b) Why is pH a concern in the process?







3) Regarding pH (Use chemical and/or mathematical relationships to explain) (5 Points)

a) What would you expect the pH of a typical soda, such as Coke or Ginger Ale, to be and why?





b) Would you expect to happen to the pH of soda after it is been opened for a few hours?  Why?

4) Risk Assessment (6 Points)

a) What does the term “incremental lifetime cancer risk” mean?








b) What are the assumed units of lifetime risk? (Lifetime Risk = CDI x Potency factor)





c) Differentiate

i) Acute vs. Chronic




ii) Mutagens vs. Carcinogens






5) Differentiate Photosynthesis vs. Respiration (3 Points)








6) Ecosystem (4 Points)

a) Define the term ecosystem.







b) What was Rachel Carson’s concern with regard to the ecosystem?

7) Regarding Question 3 of the Problem Section, assuming the limiting nutrient to be nitrogen, how might the wastewater treatment plant reduce the amount of nitrogen entering the stream?  (Hint - Consider the nitrogen cycle and the form that nitrogen enters the WWTP.  In what form could nitrogen be removed from the water before it gets to the river?) (4 Points)
















8) Eutrophication (4 Points)

a) Briefly define what eutrophication is.






b) Briefly describe the steps of the eutrophication process.

9) How does conductivity relate to dissolved solids? (4 Points)














10) BOD (6 Points)

a) What does the acronym BOD stand for?




b) What does BOD indirectly measure




c) What does BOD directly measure




d) Write a complete formula representing the BOD process.






11) Bacteria tests (3 Points)

a)  What is the indicator organism for the TC test and what does TC stand for?




b) What is the indicator organism for the FC test and what does FC stand for?

12) Briefly discuss the components of suspended solids and filterable solids and how they are related to each other and to total solids.  Use a flow chart to help present your ideas. (4 Points)











































Figure 1 - Flow Scheme 
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