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Environmental microbiology is an 
interdisciplinary science course that applies 
biochemical, molecular biological, and 
ecological principles to the study of 
microbial interactions with humans, animals, 
and the enviromnent. The course is designed 
to fulfill the basic science requirement for 
CCSF graduation and is required for the 
completion of the proposed certificate in 
Enviromnental Monitoring. 
No 
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An introduction to microbial diversity and enviromnental microbiology. Topics include: 
microbial cellular architecture, metabolic diversity, biogeochemistry, bioenergetics, and growth; 
population and community dynamics; ecosystem health; water and soil microbiology; and 
microorganisms in biodeterioration and bioremediation. The laboratory will emphasize methods 
used to analyze and detect microbial contamination in enviromnental samples. 

IV. MAJOR LEARNING OUTCOMES 
Upon completion of this course a student will be able to: 

A. Explain major microbiological and ecological principles. 
B. Demonstrate familiarity with how microbes interact with biotic and abiotic factors in 

CCSF, Engineering and Technology, Biology, EMAP 28X1 MB 28X, Environmental Microbiology, April 2013, 
Page 1 of4 



ecosystems. 
C. Interpret the metabolic intersections and differences among different microbes in 

ecosystems; describe biogeochemical cycles and the roles of microorganisms in nutrient 
recycling. 

D. Explain basic principles of microbiome and metabolomic analyses and their applied uses. 
E. Analyze risks associated with declining ecosystem health. 
F. Evaluate environmental microbiology research described in the popular press and 

academic sources. 
G. Evaluate evolving environmental microbiology problems. 

V.CONTENTS 
A. Microbiology and ecology concepts; interactions among humans, animals, and the 

ecosystem 
1. Introduction to microbiology 

a. Definition and basic terminology 
b. Basic principles of microbiology 
c. Historical perspectives of the importance of microbiology 

2. Basic laboratory skills in microbiology 
a. Axenic (pure) and mixed culture 
b. Purification and identification 
c. Molecular techniques to identifY microorganisms in pure and mixed culture 

3. Introduction to microbial ecology concepts 
a. Populations; communities, ecosystems 
b. Competition; microbiome analysis 
c. Growth; examples of microbial ecosystems 
d. Interactions of microorganisms with biotic and abiotic factors 

4. Ecosystem health 
a. Sources of contamination 
b. Detection of contamination 
c. Human and animal health 
d. Emergence of new pathogens and risks to humans, animals, and plants 

B. Microbial diversity 
I. Evolution of microbes 

a. Basic models of evolution; cellular architecture and function 
b. Phylogenetic analyses and cladistics 
c. Microbial analyses using modem techniques 

2. Genetic diversity 
a. Flow of genetic information in cells 
b. Genetic mechanisms underlying gene regulation 
c. Applied uses of genetics 

3. Metabolic diversity 
a. Bioenergetics and cellular metabolism 
b. Novel metabolic pathways in microbial systems 

4. Biogeochemical cycling and energy metabolism 
a. Nutrient cycles 
b. Aerobic versus anaerobic ecosystems 
c. Metabolic intersections 
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5. Impact of changes in microbial diversity 
a. Emergence of new pathogens 
b. Environmental factors 
c. Nutritional factors 
d. Physiochemical factors 
e. Biological factors 

C. Environmental detection of microbial contamination 
I. Bacterial pathogens: Human, animal, and plant bacterial pathogens associated with 

contamination 
2. Viral pathogens: Human, animal, and plant viral pathogens associated with 

contamination 
3. Protozoal pathogens: Human, animal, and plant viral pathogens associated with 

contamination 
4. Microbial toxins 

a. Bacterial toxins 
b. Fungal toxins 

D. Modern approaches and techniques to environmental microbiology 
I. Microbiome analysis: intersection of ecology and molecular biology 

a. Definition 
b. Experimental design 

2. Metabolomic analysis: intersection of ecology and metabolism 
a. Definition 
b. Experimental design 

E. Biodeterioration and bioremediation 
1. Defmition and introduction 
2. Waste water treatment 
3. Environmental disasters 

F. Ecological restoration and applied studies 

VI. INSTRUCTIONAL METHODOLOGY 
A. Assignments 

1. In-class assignments: 
a. Written and oral activities or assignments that provide skills in topics such 

as:understanding and interpreting scientific studies of basic microbiology and 
understanding the applied use of microbiology in addressing environmental 
problems. 

b. Written and oral discussions of the impacts of microbiology on human, animal, and 
environmental health. 

c. Evaluating the applied use of microbiology in environmental monitoring, 
contamination, and ecosystem health. 

d. Evaluation of examples and case studies representing real-world examples of 
environmental disaster such as the Exxon Valdez, Hurricane Katrina, and the Gulf 
of Mexico Oil Spill. 

2. Out-of-class assignments: 
a. Weekly readings from textbooks, academic literature, and other handouts. 
b. Viewing of/listening to short lectures and videos on topics in microbiology; reading 

and analyzing materials from various media sources on topics related to 
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environmental microbiology 
c. Performing investigative research on a topic related to enviromnental microbiology 

and preparing a written or oral presentation of findings 
B. Evaluation 

I. Worksheets/assigmnents such as: 
a. In-depth evaluation of scientific studies from microbial studies and implications for 

ecosystem health 
b. Evaluating applied uses of enviromnental microbiology to solve current problems 

2. Midterm examination on topics such as basic principles of microbiology, ecosystem 
health, microbial diversity, biogeochemistry, metabolomics, microbiome analyses, and 
bioremediation. 

3. Final examination on topics such as basic principles of microbiology, ecosystem 
health, microbial diversity, biogeochemistry, metabolomics, microbiome analyses and 
bioremediation. 

4. Term project 
a. Term research paper, poster or oral presentation on topics such as Exxon Valdez, 

Hurricane Katrina, and the Gulf of Mexico oil spill 
b. Investigative research on a topic in enviromnental microbiology such as Exxon 

Valdez, Hurricane Katrina, and the Gulf of Mexico oil spill 
C. Texts and other materials, such as: 

I. Lecture slides and study guides on course content generated by the instructor 
2. Texts such as 

a. Enviromnental Microbiology, (2008) Madsen. 
b. Microbial Diversity, 1 st Ed. (2005) by Ogunseitan 
c. Enviromnental Microbiology, 2nd Ed., (2011) by Gerba et al. 

3. Additional readings, viewings, and handouts available on-line free of charge 
a. Educational materials from the American Society for Microbiology 
b. Articles from journals such as Applied and Enviromnental Microbiology (AEM), 

and Scientific American 
4. An instructor-generated course website specific to the class and containing links to 

additional publicly available on-line resources and research in enviromnental 
toxicology 

5. Documentaries on issues in enviromnental microbiology and ecosystem health. 

VII. TITLE 5 CLASSIFICATION 
CREDIT/DEGREE APPLICABLE (meets all standards of Title 5. Section 55002(a)). 
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