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Introduction

Welcome to Chemistry 330: Environmental Chemistry. It is assumed that students enrolled in this course have completed Chemistry 217 and 218 (Chemical Principles I and II) or equivalent first-year chemistry courses at the university level.

Issues concerning our health and environment have become increasingly important in recent years. Ozone depletion, the “greenhouse effect,” heavy metal poisoning and acid rain are only a few controversial issues that have come to the public’s attention through the media. Often in discussions of these phenomena, “facts” are (intentionally or unintentionally) misrepresented, exaggerated or taken out of context. It becomes difficult to weigh the importance of much of this information when one is constantly bombarded by media sensationalism.

It has become increasingly important for young scientists not only to be aware of environmental and health issues, but also to be well informed about them. Environmental Chemistry will provide a broad overview of many important environmental issues. It will also give students the most reliable and recent scientific information available, so that they may draw independent and informed conclusions about these issues.

Environmental chemistry is a multidisciplinary subject covering such fields as meteorology, engineering, geology, ethics, politics, physics, medicine, toxicology and chemistry.

This Student Manual contains essential information about the design of the course, the course materials, and the procedures that you should follow to obtain the maximum benefit from your studies. Please read it carefully, and keep it in a safe place.

Note: These course materials have been designed for students who are taking the individualized-study version of this course. Students in a grouped-study environment should follow the course outline, study schedule, and learning activities provided by their instructor.

Course Materials

The package you received should contain each of the items listed below. If anything is missing, contact the Course Materials Production department of Athabasca University at once. If you live in Edmonton or Calgary, call the Learning Centre in your city and use the automated telephone attendant to connect with Course Materials (the extension is 6366). If you picked up your package at a Learning Centre, simply contact that centre. If you live outside Edmonton or Calgary, but within Canada or the United States, you may call the automated attendant using Athabasca University’s toll-free number 1-800-788-9041 (extension 6366). If you live outside of Canada or the United States, call Course Materials directly at (780) 675-6366. You may also write in care of Athabasca University, 1 University Drive, Athabasca AB, T9S 3A3;  or e-mail tutserv@athabascau.ca. 

1. 
Environmental Chemistry, 2d ed., by Colin Baird. New York: W.H Freeman and Company, 1999.

2. 
Solutions Manual for Environmental Chemistry, 2d ed., by Colin Baird. New York: W.H Freeman and Company, 2000.

3. 
Chemistry 330: Environmental Chemistry—Student Manual. Athabasca, AB: Athabasca University, 2002.

4. 
Chemistry 330: Environmental Chemistry—Study Guide. Athabasca, AB: Athabasca University, 2002.

5. 
Chemistry 330: Environmental Chemistry—Assignment Manual. Athabasca, AB: Athabasca University, 2002.

Forms: The course package contains the forms you need to submit assignments, request an examination, or notify the University of a change in your status as a student.

You should spend a few minutes familiarizing yourself with these materials.

The items listed below are not supplied; you should purchase them before you begin to work on the course.

1. 
an electronic calculator, preferably a “scientific” calculator, capable of handling logarithms and exponentials. Note: Remember to take your calculator with you whenever you write an examination or attend a laboratory session.

2. 
stationery, including paper for assignments, pens, pencils, a ruler, according to your needs.

Course Design

Athabasca University course materials are designed for self instruction and study. What you should learn and how you should learn it are described in the Study Guide. The Study Guide begins with a general chemistry review unit.** Each of Units 2 to 10  in the Study Guide corresponds to one chapter in your textbook, Environmental Chemistry. Each Study Guide unit contains an overview of the textbook chapter of the same number, sections corresponding to the subdivisions of the chapter, and ends with hints on how to review that unit.

Let us look at exactly what you can expect to find under each heading in the Study Guide.

(each section has Overview, Objectives, Reading Assignment, Key Terms,  Study Notes, sometimes Exercises and Review Procedure at end of each unit)

1. Every unit in the  Study Guide begins with an Overview. It contains a brief discussion that outlines the the textbook author's overall approach in the relevant chapter . 

2. For each section in the textbook you will find that your Study Guide contains

i. a list of objectives. These objectives may be one of the most valuable features of the Study Guide, because they tell you explicitly what you need to understand and to be able to do for each section of each unit. Questions on the examinations and tutor-marked assignments are based only on the section objectives. However, you should be aware that many questions will require you to demonstrate mastery of a number of related objectives, and that you should not place too narrow an interpretation on each objective.

ii. a list of key terms introduced in the section.

iii. some study notes. These notes may include hints on how to study the material effectively, additional information, and details of any errors that occur in the textbook.

iv. suggested exercises selected from those given at the end of each chapter of the textbook. The purpose of doing these exercises is to improve your understanding of the material you have just studied and to develop your problem-solving skills. Refer to your notes and to the textbook when you attempt these exercises. The answers are provided in Solutions Manual for Environmental Chemistry, 2d ed., by Colin Baird. Do not spend a large amount of time on any one exercise: if you are unable to make any progress after a few minutes of concentrated work, use the answers to help. Many of the answers are laid out in stepwise fashion, and often, after checking the first step, you will be able to proceed on your own.

4. Each unit ends with the Review Procedure,  a short list of steps that you should take when reviewing the unit.

There are four tutor-marked assignments in Environmental Chemistry 330. These assignments contribute to the overall mark that you will obtain for the course (see the section of this manual titled “Assessment of Students’ Work”). 

The textbook, Environmental Chemistry, by Colin Baird, contains most of the information you will need to pass this course. It is a standard textbook used in several universities and colleges throughout North America. It was chosen because it offers clear explanations and interesting discussions of the material we wished this course to cover.

Course Tutor

Athabasca University has hired qualified tutors to help you overcome problems that might interfere with the completion of your course work. Tutors have several responsibilities, which include answering questions related to course content, marking assignments in such a way that you learn more about the course. Your tutor will suggest review and remedial activities if you have problems with the course work, and advise you when you are ready to write examinations.

We have found that students who make full use of the services provided by their tutors are much more successful in their courses than those students who try to work entirely independently. We strongly encourage you to consult your tutor on all matters that might affect your study. Your tutor may not always have an answer for you, but he or she will know where to find it.

All tutors have established telephone numbers and tutoring schedules. During the times indicated in these schedules, tutors should be available to answer your telephone enquiries. You may find it useful to schedule a regular study period at the same time that your tutor is available, so that when questions arise you can call her or him. Information about contacting your tutor will be sent to you approximately two weeks before your start date.  If you have not received this letter by the first week of your start date, please contact Learning Services–Tutorial toll free from anywhere in North America at 1-888-788-9041 or at (780) 675-6196 as soon as possible, or e-mail tutserv@athabascau.ca.

Your tutor will contact you by telephone shortly after your official start date, and whenever necessary throughout the course. The purpose of these calls is to give the tutor an opportunity to enquire about the progress of your study and to determine whether you have encountered difficulties. At the same time, you are encouraged to call your tutor whenever problems arise. If you live in Canada or the United States, you may call your tutor toll free. See the tutor letter for information. 

Keep your tutor’s letter of introduction with your course materials, and fill in the information below, for quick reference.

Tutor’s name: 











Postal Address: 










Telephone number: 










E-mail address: 










Tutoring days and hours: 









In contacts with your tutor, on examinations, or in any correspondence or other contact with the University, you are asked to provide your student ID number. Record this number in the space below. Having your student ID number helps University staff to process your requests, grades, and administrative matters more quickly.

Student ID number: 





Course Professor

The course professor is the member of Athabasca University’s academic staff in charge of a given course. The course professor, who is an expert in the field, works directly with tutors on both academic and administrative matters. If you have difficulties you cannot resolve with your tutor, you may wish to speak with the professor directly. You should also address any questions about final grade reports or centrally marked examinations to the professor. He or she can also provide general information about program planning and curriculum development. The course professor  receives the Course Evaluation Questionnaire, and welcomes students’ comments on the course.

Library Services

You will find all the information you need to master the objectives in the textbook and in the Study Guide. However, if you want additional information or a different perspective on a topic, or if you want to read more about a subject that interests you, ask your tutor if he or she can suggest suitable books, articles, or audio-visual aids pertaining to that particular topic. The Athabasca University library has, or will attempt to obtain, copies of all the materials that your tutor might recommend, and these materials can be sent to you on request. You can contact the Athabasca University library in several ways. You can call the Learning Centres in Edmonton and Calgary and use the automated telephone attendant to connect with the library. If you live outside of these direct calling areas, you may call into the automated attendant by dialling 1-800-788-9041. In addition, you may fax a request to (780) 675-6477 or e-mail library@athabascau.ca. You will need to provide your student ID number, address, telephone number, and the name and number of the course in which you are registered. You can also request materials by mail or in person at the Central Office in Athabasca.

Access to the library’s online catalogue (AUCAT) is available at the Central Office in Athabasca and at the Learning Centres. If you have a computer and an Internet service provider, you may search the library’s collection on your own.

You may also use your local public library, or a local community college or university library that extends borrowing privileges to the public without charge or for a nominal fee. Although you may decide to make use of local resources first, remember that the Athabasca University library has a growing collection with which to serve its students.

Please consult the current Athabasca University Calendar for more information on library services or the Athabasca University web site at http://www.athabascau.ca, then click on “the library.”

Studying for this Course

Chemistry 330 is a three-credit course, and must be completed within the six months of your course contract period. This may seem like a long time, but procrastination can rapidly put you in a difficult position. We suggest you start right away and establish a study schedule. [Your tutor can help you.] How quickly you proceed through the first few units will depend on your background in first-year university chemistry. If your background is weak, you may have to put in extra time, and this may affect your chances of completing the course within the normal six-month contract period. If you find that you really have trouble with Units 2–3, discuss the situation with your tutor and consider withdrawing from the course, or taking some action to improve your basic understanding of chemistry and mathematics.

At a traditional university, this course would normally take 12–13 weeks to complete. If you wish to work at this rate, follow the 13-week study schedule shown in the first table in the “Course Outline and Study Schedules” section of this Student Manual. If you wish to proceed at a somewhat slower rate, refer to the 18- and 26-week schedules when you plan your study schedule. Remember that regular study habits can be a major contributing factor to ultimate success in this course. Should unforeseen circumstances put you in a position where you find that you cannot complete the course within the six-month contract period, check the Athabasca University Calendar for the current regulations governing extensions.

We suggest that you start in on Unit 2 now. As you work through it, make a note of any questions you have on content, study procedures, and so on. Then, before you go on to the next unit, contact your tutor to clear up these questions.

As you study each unit in Chemistry 330, follow the procedure outlined below.

1. 
Read the overview at the beginning of every unit. At this stage, some students find it beneficial to preview the unit by reading through the whole chapter in the textbook.

2. 
Study each section in the unit by

a. 
reading the list of objectives at the beginning of the section.

b. 
reading the list of key terms.

c. 
reading the corresponding section of the textbook, and using the objectives and key terms as a guide when making notes.

d. 
reading the study notes (if any). These notes may contain study hints or additional information, and will also identify any errors that occur in the relevant section of the textbook.

e. 
completing the assigned exercises, and checking your answers in the Solutions Manual for Environmental Chemistry, 2d ed. Note that your problem-solving ability will largely determine the overall grade you receive in this course. The exercises represent the minimum number of exercises that you should try.

3. 
Review the unit:

a. 
be sure you understand all of the objectives and can do what they require.

b. 
be sure you can define and use the key terms.

4. 
Do the “tutor-marked assignment” (if there is one), and send it to your tutor for grading.

Warning: With distance education, assignments may occasionally get lost in the mail. As Athabasca University can only give credit for work that has actually been received, we strongly advise that you keep a copy of all the work that you submit to your tutor for marking.

Assessment of Students’ Work

The assessment for this course is based upon examinations, tutor-marked assignments (TMAs) and a term paper. Details can be found in the table below. To obtain credit for Chemistry 330, you must

1. 
obtain an overall (composite) mark of at least 50%.

2. 
achieve at least 45% on each of the two examinations.

3. 
obtain an average of at least 60% on the tutor-marked assignments.

4. 
achieve at least 60% on the term paper.

Component

Material covered

Percentage
of total mark

Examination 1 (2 hours)

Units 2–5

20%

Examination 2 (3 hours)

Units 2–10

40%

Tutor-Marked Assignments (TMAs)

Units 2–3, 4–5, 6–7, 8–10

20%

Term paper

Essay topic

20%

Both examinations are supervised and “closed book.” However, you will be supplied with a periodic table and a list of appropriate data (constants, etc.). You must be sure to have your own electronic calculator with you when you write an examination. You should also take along a pencil, in case you are required to draw a graph in any of the questions. In Examination 1 the emphasis is entirely on the material covered in Units 2–5. In Examination 2 the emphasis (60–70%) is on Units 6–10. There are no multiple-choice questions on the examinations.

If you are not satisfied with the mark that you obtain on an examination, it may be possible for you to rewrite that examination. We strongly advise that you consult the most recent edition of the Athabasca University Calendar to obtain details of any recent or pending changes to the regulations governing supplemental examinations. Any supplemental examination will be similar in format to the first one, and the higher of the two marks will be used when your overall course mark is determined. There is a fee for supplemental services.

The following hints may help you to write examinations successfully.

1. 
Write the examination only when you and your tutor feel that you are adequately prepared, and when you have successfully completed the relevant tutor-marked assignments.

2. 
Remember that the examinations are based on the objectives outlined in the Study Guide. Many of the questions will be similar in format to those given in the tutor-marked assignments and in the examples given in the section of this manual titled “Sample Examinations.”

3. 
For short answer questions, do the ones that you find easiest first. This procedure has two benefits. First, you can more quickly accumulate enough marks to pass the examinations. Second, you gain confidence to tackle the harder questions.

4. 
For numerical problems, show your work! Part marks will be given for correct methods, even if your answer is incorrect.

5. 
The answers to numerical problems should be given to the correct number of significant figures, and where appropriate, with the correct units. Marks may be deducted if answers are given to an incorrect number of significant figures or in the wrong (or no) units.

After you have written an examination, please be patient while you wait for the result. Examinations rarely reach our central offices in less than five days, and a ten-day lapse from when the examination is written to its arrival in Athabasca is not unusual. Chemistry examinations are normally marked within twenty-four hours of receipt, and your tutor is informed of the mark before your next tutor night. Writing an examination one day and calling the chemistry coordinator a few days later does not expedite the marking process.

For security reasons, examinations cannot be returned to students, nor can the coordinator enter into detailed discussions of specific examination questions. After each of your examinations is corrected, some written comments will be sent to you. Your tutor will also receive a copy of these comments, and you should discuss the issues raised with your tutor at the first suitable occasion. Only then, if you are still dissatisfied with your mark, should you contact the course coordinator. If you still cannot obtain a satisfactory explanation of how your grade was determined, please refer to the current Athabasca University Calendar for information about the formal appeals procedure.

Procedures for Applying for and Writing Exams
Athabasca University has a phone-in system to handle students’ examination requests. Call 1-800-788-9041 (ext. 6386). This number operates 24 hours a day (except during Christmas holidays). Under this system, students anywhere in Canada or the United States may call free of charge and make examination arrangements over the telephone. For detailed directions, see the current Athabasca University Calendar, or the forms included with your course materials. You may also send your request to write an examination electronically to examunit@athabascau.ca. You may also go directly to https://auburn.cs.athabascau.ca/forms/examreq.htm.

Students are required to write their examinations at an approved place, with proper supervision. For further information on writing examinations, see the Athabasca University Calendar, or go to http://www.athabascau.ca/html/depts/registry/invignet.htm.

You should allow at least two weeks between the date you request an examination and the date you wish to write it. The examination and instructions will be sent to the supervisor, and you will be notified of this mailing. You should confirm that the supervisor has received the examination materials before you arrive to write. Bring identification and your student number with you when you go to the examination site.

The examination results and your final grade will be sent to you approximately three weeks after you write the examination. The examination will not be returned to you, but you will receive comments assessing your performance on each examination question. 

To receive credit for the course, you must submit all the course assignments and complete them to the satisfaction of your tutor. You must also obtain a grade of 50 per cent or better on the final examination. 

Students who obtain less than the required grade on the final examination may write a supplemental examination, for which the passing mark is 50 per cent. Only one supplemental examination is permitted. When a supplemental examination is written, the fact will be noted on your transcript, and the higher of the two grades is recorded as the official grade of that examination. 

Should you wish to appeal your examination grade, contact the Examinations division of the Office of the Registrar for more information on the Athabasca University appeal procedure.
Credit Transferability

If you wish to transfer credit to another institution, contact the Office of the Registrar at Athabasca University. Remember, however, that transfer of credit is determined by the receiving institution. If you plan to transfer Chemistry 330 to another institution, we suggest you get an agreement, in writing, from that institution.

Course Outline and Study Schedule

The table below gives a brief course outline and suggests the amount of time that students should spend on each unit to complete the course in a 13-, 18- or 26-week period. Students with a good background in chemistry and mathematics should select one of the shorter schedules. The 26-week schedule is primarily for students whose skills in chemistry and mathematics need work.

Note: Students who are receiving financial assistance or those in a grouped-study version of this course should check their course registration for special restrictions on the length of registration, and should be prepared to adjust their schedules.

Unit
Textbook
Title
13-week
18-week
26-week


Chapter

schedule
schedule
schedule

2
2
Stratospheric Chemistry:
1
1(2
1(3




The Ozone Layer

3
3
Ground-Level Air Chemistry
2
3(4
4(6



and Air Pollution (TMA 1)

4
4
The Greenhouse Effect and
3
5(6
7(8



Global Warming

5
5
Energy Use, CO2 Emissions, and Their
4
7(8
9(10



Environmental Consequences (TMA 2)

2–5
2–5
Review and Examination 1
5
9
11

6
6
Toxic Organic Chemicals
6
10
12(13

7
7
Toxic Heavy Metals (TMA 3)
7
11
14(15

8
8
The Chemistry of Natural Waters
8
12(13
16(18

9
9
The Purification of Polluted Water
9
14
19(20

10
10
Wastes, Soils and Sediments (TMA 4)
10
15
21(22



Complete Term Paper
11(12
16(17
23(25

2–10
2–10
Review and Examination 2
13
18
26

The following table is designed to assist you in planning a personalized study schedule (with the help of your tutor). We suggest you begin by filling in the first few units and keep track of how long each unit is taking you. After you have done the first few units, you (and your tutor) should be able to come up with a realistic schedule for the rest of the course.

Unit

Planned completion date

Actual completion date

Time required (hours)

Action necessary
when completed

Receive
 course







Contact tutor

Unit 2

____________

____________

____________



Unit 3

____________

____________

____________

Complete TMA 1

Unit 4

____________

____________

____________



Unit 5

____________

____________

____________

Complete TMA 2

Request 
Examination 1

Write Examination 1

Unit 6

____________

____________

____________



Unit 7

____________

____________

____________

Complete TMA 3

Unit 8

____________

____________

____________



Unit 9

____________

____________

____________

Choose topic
 for term paper 

Order material
 from library

Unit 10

____________

____________

____________

Complete TMA 4

Write term paper

Request 
Examination 2

Write Examination 2

Sample Examinations

On the following pages you will find sample examinations that will help to prepare for your midterm examination (Examination 1) and your final examination (Examination 2). We have included such questions in this manual to give you a better idea of the length of a normal Athabasca University chemistry examination. Short answers are given for most of the questions, and can be found at the end of the sample examinations.

Sample Midterm Examination

The midterm examination is two hours long. As you write the examination, you may not consult any books or notes. However, the use of a calculator or slide rule is permitted. You will also be provided with a periodic table and a set of standard physical constants (i.e., a data sheet).

Part A:  Short-answer questions

Each question in this section is worth 3 marks.

[30 marks]

1. Complete the following table.

Radiation Type
Spectral Range

(nm)
Primary Absorber of

Sunlight

UV-A


320-400
NO2


280-320




UV-C

O2 and O3



2. Write the two-step noncatalytic photochemical reactions for the destruction of stratospheric ozone. (Hint: Last half of the Chapman mechanism.)

3. The rate constant for 

OH  +  O3  (  HO2  +  O2
can be expressed as:

k  =  1.9 (  10(12 e((1000/T)

Calculate the activation energy.

4. Henry’s Law constant for oxygen is 1.3 ( 10(3 M atm(1 at 25o C. Calculate the amount of dissolved oxygen in water at sea level.

5. List three commercial uses of asbestos.

6. Based on structure, circle the compounds below that you expect would absorb infrared radiation.



Ar

O3

Cl2


CO2

H2

CF4

7. The atmosphere contains 3.9 ( 1015 tonnes of nitrogen gas. Annual losses of nitrogen include thunderstorms (6.9 ( 107 tonnes) and nitrogen fixation by bacteria (2.1 ( 108 tonnes). Calculate the residence time of nitrogen in the atmosphere.

8. Calculate the minimum heat required in an electric power plant to achieve 75% energy conversion if the waste heat were 110o C.

9. Describe two proposed methods to dispose of excess plutonium.

10. Hydroxyl radicals are key in the oxidation of hydrocarbons in the troposphere. Compare and contrast the first step (i.e. OH attack) in the oxidation of methane and ethene (ethane?).

Part B:  Long-answer Questions
The possible marks for each question are indicated in square brackets.

11. Radon gas (isotope 222Rn) has a half-life of 3.8 days. 

a.
Calculate its rate constant (k). [3 marks]

b.
How long would it take 1.0 mol of  222Rn to reduce to 1.0 L of  222Rn gas at STP? [3 marks]

12. Briefly explain why temperature decreases with altitude in the troposphere, but increases with altitude in the stratosphere. [10 marks]

13. The rate constant for the attack of methane by the hydroxyl radical is about 3.6 ( 10(15 cm3 molecule(1 s(1. Assume that [OH] = 8.0 ( 105 molecule cm(3 and [CH4] = 4.5 ( 1013 molecule cm(3.

a.
Calculate the rate of atmospheric methane removal in molecule cm(3 s(1. [6 marks]

b.
If the total volume of the atmosphere is 4.3 ( 1018 m3, how many tonnes of CH4 is removed each year? [8 marks]

14. In your own words, briefly define FIVE (5) of the following terms. [2 marks each]

fuel cell

VOC

proven reserve

nitrification

homonuclear diatomic molecule

enhanced greenhouse effect

acid rain

CFC

[10 marks]
***THE END***

Answers to Sample Midterm Examination

1. Complete the following table.

Radiation Type
Spectral Range

(nm)
Primary Absorber of

Sunlight

UV-A


320-400
NO2

UV-B
280-320


O3

UV-C
200-280
O2 and O3



2. O3  +  hν  (λ < 320 nm)  (  O2  +  O

O  +  O3  (  2O2
3. Arrhenius equation

k  =  Ae((Ea/RT)  =  1.9 (  10(12e((1000/T)
By inspection we notice that

Ea/RT  =  1000/T
Solve for activation energy (Ea)

Ea  =  (1000)R  =  (1000)(8.134 ( 10(3)  =  8.1 kJ

4. [X (aq)]  =  KH  (  P  =  (1.3 ( 10(3 M atm(1)(0.21 atm)  =  2.7 ( 10(3 M

5. Uses include:  insulation, fireproofing buildings, brake pad lining, cement additive, roofing and pipes, and fireproof clothing.

6. CO2, O3, and CF4 should be circled because they can absorb infrared radiation.

7. Tavg  =  C/R

=  (3.9 ( 1015 tonnes)/( 6.9 ( 107  +  2.1 ( 108 tonnes y(1)

=  1.4 ( 107 y
8. Percent conversion  =  (heat converted)/(initial heat) ( 100  =  (Th  (  Tc)/Th  ( 100

75%  =  (Th  (  110)/Th  ( 100

0.75Th  =  Th  (  110

0.25Th  =  110

Th  =  440o C

9. Proposal A: Mix excess plutonium with other radioactive wastes, vitrify, and then bury underground in metal canisters.

Proposal B: Convert excess plutonium to PuO2 and mix with uranium oxide to produce a mixed oxide fuel (MOX) to be used as fuel in fission reactors.

10. Hydrogen Abstraction:

CH4  +  OH  (  CH3  +  H2O

OH Addition:

H2C=CH2  +  OH  (  H2C(CH2(OH)

11. a.
t1/2  =  (0.693)/k
k  =  (0.693)/t1/2  =  (0.693)/(3.8 d)  =  1.82 ( 10(1 d(1
b.
lnC/Co  = (kt
ln[(1/22.4 L)/1 L]  =  ((1.82 ( 10(1 d(1)t
t  =  17 d

12. The temperature in the troposphere is controlled by absorbed infrared radiation emitting from the Earth’s surface. Increased distance from the surface results in a lower temperature. However, in the stratosphere a temperature inversion occurs through increased occurrence of ozone formation,

O  +  O2   +  M    (    O3  +  M  (heat released)

which is in turn controlled by incoming sunlight (( < 241 nm). Together these processes determine the temperature profile and therefore the distinction between troposphere and stratosphere.

13. a.
Rate  =  k[OH][CH4]

=  (3.6 ( 10(15 cm3 molecule(1 s(1)( 8.0 ( 105 molecule cm(3)(4.5 ( 1013 molecule cm(3)

=  1.30 ( 105 molecule cm(3 s(1
b.
First, 4.3 ( 1018 m3  =  4.3 ( 1024 cm3
also, one year has 365.25 days or 31557600 seconds.

Molecules CH4 removed in one year  =  Rate of removal ( Volume ( Time

=  (1.30 ( 105 molecule cm(3 s(1)( 4.3 ( 1024 cm3)( 31557600 s)

=  1.76 ( 1037 molecules

Moles(CH4)  =  molecules/N

=  (1.76 ( 1037 molecule)/(6.022 ( 1023 molecule mol(1)

=  2.93 ( 1013 mol

Mass(CH4)  = Moles(CH4) ( Molecular Weight(CH4)

=  (2.93 ( 1013 mol)(16 g mol(1)

=  4.69 ( 1014 g  or  4.69 ( 1011 kg or  4.69 ( 108 tonnes

14. fuel cell: primary electrochemical cell in which reactants are continuously supplied from outside

VOC: volatile organic compound (e.g. butane)

proven reserve: an energy source that is definitely available and can be exploited

nitrification: reduced nitrogen is oxidized (e.g. NH3 ( NO3()

homonuclear diatomic molecule: two-atom molecule having the same atoms (e.g. N2 or Cl2)

enhanced greenhouse effect: increased trapping of thermal infrared energy by anthropogenic sources of gases

acid rain : any precipitation having a pH of less than 5

CFC: chlorofluorocarbon (e.g. CFC-11 which is CFCl3): CFCs are of environmental interest because of their damaging effect on stratospheric ozone.
Sample Final Examination

The final examination is three hours long. As you write the examination, you may not consult any books or notes. However, the use of a calculator or slide rule is permitted. You will also be provided with a periodic table and a set of standard physical constants (i.e., a data sheet). 

Part A:  Short-answer questions

Each question in this section is worth 3 marks.

[30 marks]

1. Circle all species below that are considered common oxidizers in hazardous waste.



H2O2

CH3CH2CH3

CaSiO4


NH3

KMnO4

HClO4
2. Calculate the equilibrium concentration (in ppm) of Pb2+ in water sitting over excess PbSO4.

3. Explain the difference between point and nonpoint sources of pollution. Give an example of each.

4. What equivalent dose (in g) of 2,3,7,8-TCDD corresponds to the following 10.0 g mixture of dioxins?



Dioxin

Weight %
TEQ



A

30

0.5



B

45

0.01



C

25

0.1 

5. Write down the chemical equation, which illustrates that water exposed to carbon dioxide is acidic.

6. What is the pH of a sample of water if left to equilibriate with 2.0 ppmv of SO2 (KH = 1.2 mol L-1 atm-1)? Assume SO2 is the only acidic gas present.

7. Describe two physical features of lead that make it a functional material and give an example of a common use.

8. PCBs can be destroyed by direct photolysis of the C(Cl bonds.






h(




Ar(Cl   (   Ar·  +  Cl·

Given that the average bond energy of C(Cl is 320 kJ mol(1, determine the maximum wavelength of light that could be used to cleave this bond.

9. Draw the general structure of a carbamate.

10. Construct and balance the equation where the PCB molecule (C12H7Cl3) is destroyed by combustion with oxygen to yield CO2, H2O, and HCl. 

Part B:  Long-answer questions
The marks for each question are indicated.

11. The whole body half-life of lead is six years. A 15 kg infant has a blood lead level of 80 ppb (Assume blood has the same density as water.).

a.
What is the blood lead concentration (μg per 100 mL)?

[4 marks]

b.
 Assuming the whole body concentration is the same as the blood concentration, calculate the total amount lead in this infant.

[4 marks]

c.
What daily intake (mg) of lead is required to maintain a steady-state accumulation of 3.0 mg?

[5 marks]

12. The COD of a water sample is 25 mg of O2 per litre. What volume of 0.0010 mol L(1 Na2Cr2O7 solution is required to titrate a 40 mL sample to end-point? (Hint: The dichromate ion oxidizes 1.5 times the material that molecular oxygen does.)

[13 marks]

13. In your own words, briefly define FIVE (5) of the following terms (2 marks each).

in situ

BTX

TOC

biomagnification

ADI

octane rating

BOD

water hardness

[10 marks]

14. There are two common methods of secondary treatment of sewage discussed in the textbook.

a.
What is the main purpose of the secondary treatment stage?

[4 marks]

b.
Briefly describe each of these two methods.

[10 marks]

***THE END***

Sample Final Examination Answers

1. Circle H2O2, KMnO4, and HClO4
2. Ksp(PbSO4)  =  2.0 ( 10(8  =  [Pb2+][SO42(]  =  x2
x  =  [Pb2+]  =  1.41 ( 10(4
Mass(Pb)  =  Moles(Pb) (  MWt(Pb)

=  (1.41 ( 10(4)(207.19 g mol(1)

=  2.93 ( 10(2 g L(1  =  29.3 mg L(1
=  29 ppm

3. A point source is a major known source of a pollutant (e.g. a large factory), while a nonpoint source is a combination of several potential unknown sources each providing smaller amounts of pollution (e.g. farms).

4. Total Equivalent TCDD  =  Total Mass  (  ( (Wt% of Component X)(TEQ of X)

=  (10.0 g)[(0.3)(0.5)  +  (0.45)(0.01)  +  (0.25)(0.1)]

=  1.795 g

· 10.0 g of the mixture is equivalent to 1.8 g of 2,3,7,8-TCDD

5. CO2  +  H2O  (  H2CO3
H2CO3  (  HCO3(  +  H+
6. [SO2]  =  p(NO2)  (  KH 

=  (2.0 ( 10(6 atm)(1.2 mol L-1 atm-1)

=  2.4 ( 10(6 mol L(1  =  [H2SO3]



H2SO3    (
H+   +
HSO3(

2.4 ( 10(6

0
0
(initially)


2.4 ( 10(6  (  x

x
x
(at equilibrium)

K1  =  1.7 ( 10(2  =  (x2)/(2.4 ( 10(6  (  x)

x  =  2.40 ( 10(6  =  [H+]  (from quadratic formula)

pH  =  5.6

7. Lead properties include being malleable, having a low melting point, and a high density. Common uses include ammunition, water ducts, piping cooking vessels, solder, roofing, flashing, and soundproofing.

8. E  =  hν/λ

(320,000 J)/(6.023 ( 1023 atoms mol(1)  =  (6.626 ( 10(34)(3.00 ( 108 m s(1)/ λ

λ  =  3.74 ( 10(7 m

( maximum wavelength  would be 374 nm

9. General structure of carbamate.
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10. Unbalanced equation:

C12H7Cl3  +  O2  (  CO2  +  H2O  +  HCl

Balanced equation:

C12H7Cl3  +  13O2  (  12CO2  +  2H2O  +  3HCl

11. a.
80 ppb  =  (80 g/ 1 ( 109 g)  =  8.0 ( 10(8
Assume 100 mL  (  100 g

Mass(Pb) in 100 mL  =  (8.0 ( 10(8)(100 g)  =  8.0 μg

( 8.0 μg per 100 mL blood

b.
Total Mass(Pb)  =  Concentration(Pb) (  Body Mass

=  (8.0 ( 10(8)(15 kg)

=  1.2 ( 10(6 kg  =  1.2 mg

c.
CSS  =  1.44Rt1/2
(3.0 mg)  =  1.44R(6 y)

Solve for R
R  =  0.47 mg y(1  =  9.5 ( 10(4  mg d(1
12. Moles(O2)  =  Mass(O2)/MWt(O2)

=  (0.025 g)/(32 g mol(1)  =  7.81 ( 10(4 mol (per litre of water)

Moles(O2) in 40 mL

=  (7.81 ( 10(4 mol L(1)(0.040 L)  =  3.12 ( 10(5 mol

Moles(Na2Cr2O7)  =  Moles(O2)/1.5

=  (3.12 ( 10(5 mol)/1.5  =  2.08 ( 10(5 mol

Moles(Na2Cr2O7)  =  Molarity(Na2Cr2O7) ( Volume(Na2Cr2O7)

(2.08 ( 10(5 mol)  =  (0.0010 mol L(1)V
V  =  2.08 ( 10(2 L  =  20.8 mL

13. in situ: in the same place

BTX: benzene-toluene-xylene component of gasoline

TOC: total organic carbon

biomagnification: substance increases concentration along an ecological food chain

ADI: acceptable daily intake, which in toxicological terms is typically 1/100th of the NOEL

octane rating: means of classifying the knocking tendencies of gasoline

BOD:  biological oxygen demand, which is a measure of the oxidizable organic content of a water sample

water hardness: combined amount of Mg2+ and Ca2+ ions in a water sample

14. a.
reduce BOD

b.
(1) Trickling filter where aerobic micro-organisms on sand/gravel bed are sprinkled with dirty water from a rotating boom. The aerobic bacteria feed on the carbon compounds and the entire set-up takes lots of space. (2) Activated sludge reactor are micro-organisms in a tank. They chew up carbon compounds under aerobic conditions with agitation. It is quicker than trickling filter.
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