
STUDY GUIDE FOR EXAM 2
CH 3420: Environmental Chemistry, Plymouth State University

General Tips:
1. Review the "Suggested Homework" from the syllabus:

• Ch7: 4, 6, 7, 10, 13, 19, 21, 22, 25,  26, 28, 32, 33 
• Ch8: 1, 2, 6, 8, 14, 17, 20, 21, 22, 29, 36, 42, 44, 46
• Ch9: 1, 11, 12, 20, 24, 30, 41, 43, 44
• Ch13: 4, 10, 14, 16, 19, 22, 23, 26, 28, 32, 34

2. Prepare your 3×5 notecard. Remember that you will be given constants but not equations. You 
may also wish to include general reaction schemes (see Study Concepts Checklist below).

3. Review the overheads in class and make sure you understand the various figures presented.
4. Review the labs we have done, including relevant reactions and how to do the calculations.

Study Concepts Checklist
1. Know what is meant by the terms dipole moment, polar molecule, intermolecular forces, 

hydrogen bonding.
2. Know the Lewis dot structure and geometry of the water molecule.
3. Understand how the shape and electronegativity differences in the water molecule contribute to 

make a polar molecule.
4. Be able to explain hydrogen bonding, including what is necessary for it to occur and the relative 

strengths and lengths of hydrogen versus covalent bonds.
5. Be able to explain the contribution of dipole moment and hydrogen bonding in water to its 

unique nature, including the effects on:  dissolving of other compounds, boiling and melting 
points, specific heat, heats of vaporization and fusion, density, and acid/base characteristics.

6. Be able to explain and/or give specific examples about how each of the properties of water listed 
in '5' contribute to or are required to sustain life as we know it on Earth.

7. Understand lake turn-over, including how it contributes to healthy lakes and why it is dependent 
on the unique density properties of water.

8. Be able to write the equilibrium reaction and equilibrium constant expression for the auto-
ionization of water.  

9. Know Kw at 25°C, and how it is influenced by temperature
10. Be able to calculate pH, [H3O+], and [OH-] if you are given one of the three.
11. Understand the pH scale, including what is considered acidic, basic, and neutral.
12. Given a balanced reaction, be able to write the equilibrium constant expression using 

concentration and/or pressure as appropriate.
13. Know the states of matter included in an equilibrium constant (g, aq) and those that are not (l, s). 
14. Know the various species that result from the absorption of CO2(g) in water: CO2(aq), H2CO3, 

HCO3
-, and CO3

2-.  Be able to write all of the equilibrium steps that contribute these species.
15. Be able to explain why the pH of "pure" water exposed to air will always be less than 7
16. Be familiar with the differences in the carbonate species between fresh and salt water 
17. Understand how the anthropogenic contributions of CO2 in the atmosphere are impacting the pH 

of the oceans, and what the ramifications this has for aquatic species such as coral and shellfish.
18. Know what each of the following are, how they are measured, the units in which they are 

reported, and why they are important quantities to measure in assessing the quality of water.: 
alkalinity, hardness, dissolved solids, pH, pE, conductivity

19. Be familiar with the general ionic composition of water, especially the significant differences 
between fresh and salt water
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20. Know what is meant by the terms electrochemical potential, oxidation, reduction, oxidizing 
environment and reducing environment

21. Be able to identify half reactions as being either oxidations or reductions
22. Have a general understanding of the distribution of water on the earth
23. Have a general understanding of how much water is used and for what activities in the U.S.
24. Know that the lack of clean drinking water and sanitation is the largest cause of death in the 

world, contributing to over 2 million deaths annually
25. Know in what circumstances oxygen, carbon, nitrogen, and phosphorous are nutrients or 

pollutants in water.  Know how they are measured and the units in which they are reported.
26. Know Henry's Law and how it is used to calculate theoretical concentrations of oxygen in water
27. Have a general understanding of how the concentration of dissolved oxygen relates to the health 

of an aquatic environment
28. Be able to explain the differences between inorganic carbon, total organic carbon, and biological 

oxygen demand as it relates to carbon
29. Be familiar with the natural and anthropogenic reactions that contribute to the nitrogen cycle, as 

well as the relative amounts of nitrogen that are "fixed" through the reactions.
30. Be familiar with the effects of the anthropogenic contributions to the nitrogen and phosphorous 

cycles to the hydrosphere
31. Be familiar with the ten categories of pollutants listed in class; be able to list at least 5; know 

why and how they are pollutants, including some sources and the problems they cause
32. Be familiar with the two major federal acts in the U.S. that regulate pollution in water and 

drinking water, including the major provisions of the acts and how they regulate pollution
33. Understand the differences between point sources and non-point sources
34. Know how chlorine is used as a disinfectant for drinking water, including the chemical reaction 

to make it and the reaction it undergoes when added to water.  Be able to explain the problem of 
disinfectant by-products and some alternatives to chlorine that reduce DBPs.

35. Know the three stages in wastewater treatment and the major components that are removed in 
each.

36. Understand that BOD is the primary concern of wastewater treatment plants
37. Know the major categories of analytical techniques used in water chemistry, including the 

benefits and limitations of each
38. Know the general instrumental setups, applications, benefits, and limitations of the advanced 

analytical techniques of Ion Chromatography (IC) and Atomic Absorption Spectroscopy (AAS)
39. Know what an ion exchange resin is and be able to explain how it is used to analyze ions in IC.
40. Know the role of pH in IC
41. Understand the Selectivity Constant in IC
42. Be able to explain the workings of the detector and the ion suppressor in IC
43. In Atomic Absorption Spectroscopy, be able to explain the similarities and differences between 

the techniques of Flame, Graphite Furnace, Inductively Coupled Plasma, and the Cold Vapor 
method

44. Generally know the health hazards of various toxic metals, with emphasis on lead, cadmium, 
arsenic, and mercury

45. Understand how the chemical form (elemental, ionic, covalent) affects the toxicity of toxic 
metals, including what the most toxic forms are for lead, cadmium, arsenic, and mercury

46. Understand the kinetics of bioaccumulation and how it is used to set MCLs
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