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COURSE SYLLABUS:  CHEE 484, BIOREMEDIATION (W 3-0-0.5   3.5) 

PERSONNEL 
FOR UP-TO-DATE PERSONNEL INFORMATION, PLEASE SEE THE WEBSITE. 
 
CALENDAR DESCRIPTION 
Bio/remediation as an option to treat contaminated soils and ground water. Advantages and 
disadvantages of bioremediation compared to nonbiological processes. Factors affecting choice of in situ 
or ex situ processes. Assessment of biodegradability; biostimulation vs bioaugmentation; mineralization 
vs. partial degradation; factors affecting microbial activity (choice of electron acceptor, toxicity of 
pollutant, C/N/P ratio, co-substrates, soil humidity, pH and temperature); bioavailability of pollutant. 
Biodegradation of specific contaminants (e.g. diesel fuel, polychlorinated biphenyls, dyestuffs, aromatic 
and polyaromatic hydrocarbons) will be studied in detail. The investigation component of this course 
consists of learning how to do appropriate laboratory and field experiments to obtain data on microbial 
degradation of an organic pollutant to be able to calculate bioremediation design parameters such as 
mass and delivery rate requirements of electron acceptors and nutrients and degradation rates in 
reactor and non-reactor based systems; and to be aware of limitations of these calculations.  
(0/0/0/42/0) 

OBJECTIVES AND OUTCOMES 
The purpose of this course is to introduce the underlying biogeochemical concepts pertinent to 
remediation of soil and groundwater, and describe how systems can be successfully engineered to 
support/promote remediation with an emphasis on bioremediation. Bioremediation is an increasingly 
utilized remediation technology that employs biological agents (microorganisms and plants) to treat 
hazardous contaminants in soil, and water; can lead to the permanent removal of contaminants from 
the environment; and may be inexpensive when compared to conventional techniques. It is a highly 
multidisciplinary, evolving technology that encompasses microbiology; chemical, civil, and 
environmental engineering; and environmental, soil, and analytical chemistry. 

Specific course learning outcomes include:  

1. Identify which pollutants are of greatest concern, describe the principles of various physical and 
chemical remediation technologies and relate selection of these technologies to the properties 
of contaminants. 

2. Determine what is needed for site characterization, explain the relevance to selection of 
appropriate remediation strategies, determine when bioremediation is an appropriate 
technology and its advantages and limitations. 
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3. Describe the interactions between contaminants, soil, presence of a NAPL phase, water and 
microorganisms and explain how these impact the fate of the contaminant and its bioavailability 
for biodegradation. 

4. Calculate the C:N:P and terminal electron acceptor requirements for biodegradation, interpret 
the electron tower and energy gained from coupling appropriate half reactions and describe the 
biodegradation of specific contaminants such as linear alkanes, BTEXs, PAHs, and chlorinated 
compounds such as PCE and PCBs. 

5. Explain how to apply culturable and non-culturable techniques for bioassessment and 
biotreatability studies. 

 
This course assesses the following attributes: 
 
Knowledge base for engineering:  CHEE-KB-BIO-2. Applies foundations of science, materials science, and 
engineering in biological, physiological, pharmaceutical and/or environmental problems or processes. 
 
Investigation: Investigates the published literature, organizes, analyzes and synthesizes data and 
information to reach substantiated conclusions CHEE-INV-2 (CLO 1-5).  

RELEVANCE TO THE PROGRAM 
This elective course, offered at the 4th year level, applies foundations of mathematics, science, and 
engineering in bioremediation and provides bio/geo/chemical insight for bioremedial engineering 
applications.   

EXPECTATIONS FOR LECTURE/TUTORIALS 
Lecture slides will be posted. Some lectures will include examples and problem solutions not contained 
in the posted slides. Students are expected to read review articles assigned to specific sections, and do 
the posted review questions. 

Preparation, attendance and participation at tutorials are mandatory.  You must read the assigned 
journal article, prepare short presentations or answers to given questions before coming to the tutorial. 
You must attend a minimum of 80% of all tutorials and actively participate in discussions. Your tutorial 
grade will reflect your participation. 

RESOURCES(S) 
There is no text book for this course.  Reading material will be primarily review articles and powerpoint 
lecture slides.  Lecture slides and reading material will be posted in advance on onQ-D2L. Some lectures 
will include examples and problem solutions not contained in the posted slides. 

COURSE SCHEDULE 
3 lecture hours and 1 tutorial hour per week.  Times and locations can be found on SOLUS.   
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GRADING SCHEME 
Assignment 1: Items 1 to 4 of review article (satisfactory/unsatisfactory grade)    5% 
Assignment 2: Complete review article (items 1 to 8)     15% 
Assignment 3: Oral presentations on review article       5%  
Tutorials (attendance, preparation and participation, tutorial 2 = 1%)     5% 
Midterm          20% 
Final Exam (will cover the whole term)       50% 
  

Students are expected to complete their work in a timely fashion. The course instructor will provide 
notification (in lecture and on course website) of due dates and any revisions thereof. Submissions after 
the due date will be penalized at up to 20% per day unless suitable justification is provided.  

Students must pass each assignment or examination component (midterm and final exam) to receive a 
passing grade, except if the midterm is missed for a medical reason (with appropriate documentation), 
then the weight of the final exam may be readjusted to reflect the combined total. You must pass each 
assignment or you will fail the entire course and be allocated a mark of FR (40-49%), as stated by 
departmental policies (http://www.chemeng.queensu.ca/undergraduate-studies/Departmental- 
Undergraduate-Polices.html 

HOW TO DO WELL IN THIS COURSE 
The concepts in this course are straightforward, easy to grasp and build on science and engineering 
fundamentals. However, timely review of lecture material, completion of assigned readings, review 
questions and tutorial problems is required to perform efficiently and well in an exam setting. 

ACADEMIC INTEGRITY 
Engineers have a duty to: 

• Act at all times with devotion to the high ideals of personal honour and professional integrity 
• Give proper credit for engineering work 

 
-Professional Engineers Ontario Code of Ethics, Section 77 of the O. Reg. 
941 http://peo.on.ca/index.php?ci_id=1815&la_id=1 

The quote above describes the standard of behaviour expected of professional engineers. As engineering 
students, you have made a decision to join us in the profession of engineering, a long-respected profession 
with high standards of behaviour.  

As future engineers, we expect you to behave with integrity at all times. Our policies do not prohibit you 
from collaborating, even closely, with fellow learners in any class. Indeed, we strongly encourage 
collaboration and teamwork, when conducted responsibly. We have however, set firm guidelines on the 
quality of submitted work and have taken a strong stand against plagiarism and other forms of academic 
dishonesty.  Briefly stated, we expect that submitted work bears the name of all those contributing to it, 
and that you do not allow others to copy your work.  

http://www.chemeng.queensu.ca/undergraduate-studies/Departmental-%20Undergraduate-Polices.html
http://www.chemeng.queensu.ca/undergraduate-studies/Departmental-%20Undergraduate-Polices.html
http://peo.on.ca/index.php?ci_id=1815&la_id=1
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Should a student’s submitted work be suspected of containing evidence of academic dishonesty, action 
shall be taken, as required by the Faculty of Engineering and Applied Science policy on academic 
integrity: http://engineering.queensu.ca/policy/Honesty.html 

Additional information on the University’s policies concerning academic dishonesty can be found on the 
Queen’s website. All learners are expected to familiarize themselves with these policies and to 
conduct themselves accordingly. 

• Senate Academic Integrity Policy Statement  
• Procedures for dealing with departures from academic integrity in the Faculty of Engineering and 

Applied Science 
• Queen's University Code of Conduct 

 

INDIVIDUAL NEEDS AND SUPPORT 
Learners with diverse learning styles and needs are welcome at Queen’s. In particular, if you have a 
disability or health consideration that may require accommodations, please feel free to approach the 
instructor and/or Queen’s Student Accessibility Services (QSAS) as soon as possible.  The Accessibility 
Services staff is available by appointment to develop individualized accommodation plans, provide 
referrals and assist with advocacy. The sooner you let us know your needs, the better we can assist you in 
achieving your learning goals at Queen’s. For further information, visit the Student Wellness Services 
website.  The class website is powered by the Brightspace by D2L Learning Environment that complies 
with common accessibility standards and every effort has been made to provide course materials that are 
accessible.  If you find any element of this course difficult to access, please discuss with your instructor 
how you can obtain an accommodation. 

ACADEMIC AND STUDENT SUPPORT 
Queen’s has a robust set of supports available to you including the Library, Student Academic Success 
Services (Learning Strategies and Writing Centre), and Career Services.  Learners are encouraged to visit 
the Faculty of Engineering and Applied Science Current Students web portal for information about 
various other policies such as academic advisors, registration, student exchanges, awards and 
scholarships, etc. 

http://engineering.queensu.ca/policy/Honesty.html
http://www.queensu.ca/secretariat/policies/senate/academic-integrity-policy-statement
http://engineering.queensu.ca/policy/Honesty.html
http://engineering.queensu.ca/policy/Honesty.html
http://www.queensu.ca/registrar/resources/policies/university-code-conduct
http://queensu.ca/studentwellness/
http://www.desire2learn.com/products/accessibility/standards/
http://www.desire2learn.com/products/accessibility/standards/
http://library.queensu.ca/
http://sass.queensu.ca/
http://sass.queensu.ca/
https://careers.sso.queensu.ca/home.htm
http://engineering.queensu.ca/Current-Students/
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CHEE 484     ||     Module overview 
Course learning outcomes (CLO): Students will be able to: 

1. Identify which pollutants are of greatest concern, describe the principles of various physical and chemical remediation technologies and 
relate selection of these technologies to the properties of contaminants. 

2. Determine what is needed for site characterization, explain the relevance to selection of appropriate remediation strategies, determine 
when bioremediation is an appropriate technology and its advantages and limitations. 

3. Describe the interactions between contaminants, soil, presence of a NAPL phase, water and microorganisms and explain how these 
impact the fate of the contaminant and its bioavailability for biodegradation. 

4. Calculate the C:N:P and terminal electron acceptor requirements for biodegradation, interpret the electron tower and energy gained 
from coupling appropriate half reactions and describe the biodegradation of specific contaminants such as linear alkanes, BTEXs, PAHs, 
and chlorinated compounds such as PCE and PCBs. 

5. Explain how to apply culturable and non-culturable techniques for bioassessment and biotreatability studies. 
 

Students are expected to augment lecture material through reading of associated sections of the textbook, and to practice execution of course principles 
by completing posted tutorial questions  

Module Lecture approach* and content Tutorials 
Tutorial and practice problems are 

available on course website 

Assessment (CLO, and % of course 
grade) 

Module 1 
(Wk 1) 

Bio/remediation: overview (CLO1) 
 

 

Tutorial 1 – Considerations in choice 
of a remediation technology (CLO1, 
CLO2) 
 

Material is included on mid-term, final 
exam (CLO1) 
 

Module 2 
(Wk 1) 

Pollutants of concern (CLO1) 
 

 
 
 

Material is included on mid-term, final 
exam (CLO1) 

 
Module 3 
(Wk 2) 

 
Overview of site remediation technologies (CLO1, 
CLO2) 
 

 
Tutorials 2-3: Remediation 
strategies (CLO1, CLO2) 
 

 
 

 
Tutorials 2-3: Remediation strategies 
(1%, CLO1, CLO2) 
 
Material is included on mid-term, final 
exam  (CLO1, CLO2) 

http://www.chemeng.queensu.ca/courses/CHEE484/protected/files/tutorial2-consideration.pdf
http://www.chemeng.queensu.ca/courses/CHEE484/protected/files/tutorial2-consideration.pdf


 

6 
 

Module 4 
(Wk 2-3) 

Overview of bioremediation technologies 
(CLO1, CLO2) 
 

Tutorials 2-3: Remediation 
strategies  (CLO1 CLO2)  

Material is included on midterm and 
final exam (CLO1-CLO2) 
 

Module 5 
(Wk 3) 

Site characterization and assessment (CLO2) 

 

 
 

Material is included on midterm and 
final exam (CLO2) 
 
 

Module 6 
(Wks 4-6) 

Interaction of microorganisms, pollutants and soil 
(CLO3) 

 
 

Tutorial 4: Contaminant interactions 
with soil (CLO3) 

 
Tutorial 5: Soil classification and 
contaminant distribution (CLO3) 

 
 

Material is included on midterm and 
final exam (CLO3) 
 
Assignment 1 (5%, CLO1 – CLO3)  
 

Midterm 
(end Wk 6) 

  
 
 

 

Midterm: 1-2  questions will target 
each of CLO1, CLO2 and CLO3, worth 
20% of course grade 

Module 7 
(Wks 7-8) 

Energetics, stoichiometry and process 
requirements (CLO4) 
 

Tutorials 6-7: Intrinsic remediation, 
nutrient calculation  (CLO4) 
 

Material is included on final exam 
(CLO4) 
 

Module 8 
(Wks 8-9) 

Metabolism of selected organic compounds 
(CLO4) 
 

 Material is included on final exam 
(CLO4) 

Module 9 
(Wks 10-
11) 

Microorganisms and bioassessment studies 
(CLO5) 
 

Tutorials 8-9: Molecular biology 
review (CLO5) 
 

Material is included on final exam 
(CLO5) 
 
Assignment 2 (15%, CLO1-CLO5)  
 

Module 8 
(Wk 12) 

Oral presentation by students on remediation of 
specific contaminants (CLO1-CLO5) 

 Material is included on final exam 
(CLO1 – CLO5) 
 

http://www.chemeng.queensu.ca/courses/CHEE484/protected/files/BioremediationSoilproblemstut3.doc
http://www.chemeng.queensu.ca/courses/CHEE484/protected/files/BioremediationSoilproblemstut3.doc
http://www.chemeng.queensu.ca/courses/CHEE484/protected/files/CHEE484tutorialproblemsnutrientintrinsicbioreemdiation.doc
http://www.chemeng.queensu.ca/courses/CHEE484/protected/files/CHEE484tutorialproblemsnutrientintrinsicbioreemdiation.doc
http://www.chemeng.queensu.ca/courses/CHEE484/protected/files/CHEE484molecularbiologytutorial2013.doc
http://www.chemeng.queensu.ca/courses/CHEE484/protected/files/CHEE484molecularbiologytutorial2013.doc
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Assignment 3 (5%, CLO1-CLO5)  
   

EXAM   Final exam: One-two questions will 
target each CLO, worth 50% of course 
grade 

*Lecture content delivery through lecture materials available in power-point, in-class examples and solutions/discussions. 
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