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CALENDAR DESCRIPTION 

This course will provide students with a fundamental understanding of cell biology, human physiology 
and the application of engineering principles (momentum and mass transfer, mechanics, materials) for 
the solution of medical problems. Topics include: Cell Biology, Anatomy and Physiology, Transport 
Phenomena in the Body, Biomechanics, Materials in Medicine, and Regenerative Medicine and Tissue 
Engineering. (0/12/0/30/0) 

OBJECTIVES AND OUTCOMES 
The objective of this course is to introduce students to the fundamentals necessary to understand and 
appreciate the issues involved in engineering in the body and to provide a framework for upper level 
studies in the area.   

Specific course learning outcomes include:  



1. Describe the organization of cells, proteins and macromolecules into tissues and organs as well 
as the function of major organ systems within the body, including the cardiovascular, 
musculoskeletal, renal and immune systems. 

2. Analyze and solve problems involving transport phenomena in the body in the context of the 
design and application of biomedical devices for the treatment of injury and disease. 

3. Apply the principles of mechanics to competently analyze gross movement of the human body. 
4. Apply the principles of materials properties and engineering for the design and application of 

biomedical devices. 
5. Apply the principles of cell biology and engineering for the design and application of tissue 

engineering, bioreactors and regenerative medicine.  
 
This course assesses the following attributes: 
 

• Knowledge base (CLO 1-5):   
CHEE-KB-BIO-1. Applies knowledge of cellular and/or biological processes to engineering 
problems.  
CHEE-KB-BIO-2. Applies foundations of science, materials science, and engineering in biological, 
physiological, pharmaceutical and/or environmental problems or processes. 

• Problem analysis (CLO 2-5):   
CHEE-PA-2. Creates process for solving problem including qualitative approximations and 
assumptions to reach substantiated conclusions. 

COURSE STRUCTURE AND ACTIVITIES 
3 lecture hours + 1 tutorial hour per week. Please refer to SOLUS for times and locations 

RELEVANCE TO THE PROGRAM 
CHEE 340 is a core course in the Biochemical Engineering (CHE2) option and a Chemical Process 
Engineering (CHE1) Group A technical elective. It builds upon aspects of core chemical engineering 
principles of thermodynamics, mass transport and fluid mechanics taught in 2nd and 3rd year (CHEE 210, 
223, 330), and fundamental cell biology introduced in CHEE 229.  

EXPECTATIONS FOR LECTURES/TUTORIALS 
Lecture slides will be posted in advance in the course learning management system (LMS). The lectures 
will include material, examples, case studies, and problem solutions not contained in the posted slides. 
Supplemental problem sets will be posted, with the solutions posted the following week. These are not 
marked. Students are expected to undertake these problem sets to gain understanding of the course 
material. Students are expected to bring a copy of the tutorial problem(s) or material (posted in 
advance) to class. 

RESOURCES(S) 
Recommended Textbook:  



Principles of Biomedical Engineering, SV Madihally, Artech House, 2010. (Available at the Stauffer 
Library) 

Other useful resources:  

Biomaterials Science: An Introduction to Materials In Medicine, 3rd Edition. Ratner, Hoffman, Schoen, 
Lemons, 2013. (Available as an ebook through the University Library). 

Transport Phenomena in Biological Systems, Second Edition. George A. Truskey, Fan Yuan, and David F. 
Katz, 2004. (Available at the Engineering & Science Library)  

Principles of anatomy and physiology. Twelfth Edition. Gerard J. Tortora and Bryan H. Derrickson.  2009. 
(Available at the Bracken Health Science Library) 

All course lecture slides, tutorials and problem sets will be posted on the course LMS.  

GRADING SCHEME 
Deliverable Week or Date Weight  

Quizzes (5) 
Weeks 3, 5, 8, 

10, and 12 
30 

Case Study (3 parts) 
Weeks 6, 10, 

and 12 
25 

In-class Participation via Learning Catalytics 
Throughout 

term 
5 

Final Exam Exam period 40 

 

Students must pass the exam components to pass the course, as stated by departmental policies 
(http://www.chemeng.queensu.ca/undergraduate-studies/Departmental-Undergraduate-Polices.html). 

If a student misses a quiz for legitimate reasons, and provides the required supporting documentation 
(see Appendix A in the Departmental Undergraduate Policies, link above), the weight of the 
midterm/quiz will be reassigned to the quizzes and/or final exam, at the discretion of the instructor. 
Otherwise, a missed quiz will be given a grade of zero. No make-up quizzes will be provided. 

HOW TO DO WELL IN THIS COURSE 
A significant amount of material is covered in the course, and memorization of human biological and 
physiological structures, process and functions is necessary. Significant and ongoing practice is required 
to solve engineering problems efficiently and correctly in an exam setting. 

http://www.chemeng.queensu.ca/undergraduate-studies/Departmental-Undergraduate-Polices.html


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.  

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 

http://peo.on.ca/index.php?ci_id=1815&la_id=1
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/


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. 

CHEE 340     ||     Module overview 
Course learning outcomes (CLO): Students will be able to: 

1. Describe the organization of cells, proteins and macromolecules into tissues and organs as well as the function of 
major organ systems within the body, including the cardiovascular, musculoskeletal, renal and immune systems. 

2. Analyze and solve problems involving transport phenomena in the body in the context of the design and 
application of biomedical devices for the treatment of injury and disease. 

3. Apply the principles of mechanics to competently analyze gross movement of the human body. 
4. Apply principles of materials properties and engineering for the design and application of biomedical devices. 
5. Apply the principles of cell biology, physiology and engineering for the design and application of tissue 

engineering, bioreactors and regenerative medicine. 

Students are expected to augment lecture material through reading of associated sections of the textbook and 
attending tutorials, and to practice execution of course principles by completing posted problem sets  
Time 

Period 
Lecture approach and content Tutorial approach 

and content 
Assessment (CLO, and % of 

course grade) 

Weeks  
1-4 

Cells and Tissues, Physiology (Cardiovascular, 
Skeletal, Renal), Biotransport (Momentum, Mass) 
• chemical and physical properties of cells 
• cellular organization into tissue and components of 

the extracellular matrix 
• structure and functions of the cardiovascular system, 

renal system and immune system 
• thermodynamics, mass transport (transport across 

membranes) 

Worked examples 
based on lecture 

material 
 

Material included during in-
class student response, 

Quizzes 1 and 2, and Case 
Study Part 1 (CLO1, 2, 5);  Final 
in-class participation average = 
5% of course grade; final Quiz 
average (5 quizzes in total) = 
30% of course grade;  final 

case study average (3 parts in 
total) = 25% of course grade 

Weeks  
5-8 

Biotransport (Mass), Biomechanics, Biomaterials 1 
• fluid transport across membranes (dialysis) 
• structure and functions of the skeletal system 
• biomechanics (physiological force and momentum 

balances) 
• material properties, host response to implantation 

(immune system) 

Worked examples 
based on lecture 

material 
 

Material included during in-
class student response, Quiz 3, 
Quiz 4 and Case Study Part 2 

(CLO2, CLO3, and parts of 
CLO1 and CLO4); Final in-class 
participation average = 5% of 

course grade; final Quiz 
average (5 quizzes in total) = 
30% of course grade;  final 

case study average (3 parts in 
total) = 25% of course grade 

Weeks  
9-12 

Biomaterials 2, Tissue Engineering 
• chemical and physical properties of metals, ceramics, 

Worked examples 
based on lecture 

Material included during in-
class student response, Quiz 5 

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/


polymers and their use in the body 
• growing tissue outside the body (tissue growth 

requirements, bioreactor design) 
• tissue engineering (cells, scaffolds, factors) and 

regenerative medicine (stem cells) principles 

material and Case Study Part 3 (CLO1-
5); Final in-class participation 
average = 5% of course grade; 
final Quiz average (5 quizzes in 
total) = 30% of course grade;  

final case study average (3 
parts in total) = 25% of course 

grade 

EXAM   
Final exam: Short answer and 
problems targeting each CLO, 

worth 40% of course grade 
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