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Abstract
The objective of this study was to evaluate Environmental microbiology (EM) as a basic course for the environmental 

engineering program of Korea Maritime University which has been accredited by Accreditation Board for Engineering 
Education of Korea (ABEEK). Evaluation result of the lecture objectives was more than the average (3.5/5.0). The overall 
score for learning achievement assessment was more than average level of learning achievement (3.4/5.0). Interestingly, 
engineering design implementation regarding a specific topic as an extensive learning process has proven to be more 
effective (3.5/5.0). Some of effective class improvement strategies suggested were to encourage students to participate in 
the class with self-motivation and accountability: preview and review of the lecture, team presentation in English-speaking 
settings, and submitting project report written in English. In the future class of EM, test and evaluation of application 
capability of EM and environmental biotechnology (EB) theories to engineering problem solving should be emphasized. 
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Ⅰ. Introduction

Microbiology is a study of microorganisms that are 
not usually seen with naked eyes. Despite their small 
sizes, they are central to the very functioning of the 
biosphere including hydrosphere, lithosphere, and 
atmosphere. They are so ubiquitous that they are 
interacting with virtually almost interfaces of the 
biotic and abiotic environments such as plant, human, 
and animal bodies, and rocks, water, and air. En-
vironmental microbiology is one area of microbiology 
whose focus is an emphasis on study of the inter-
action of microbial communities with the surrounding 
environments (habitats) including all the biotic and 
abiotic settings. Microbes in the environment play very 
significant roles in cycling of materials and energies 
that are key factors in the ecosystem functioning. 

Therefore, EM is an important basis of environmental 
science which is an interdisciplinary field that involves 
both the physical sciences (physics, chemistry, biology, 
geology, geography, resource technology and engi-
neering) and the social sciences (resource management 
and conservation, demography, economics, politics 
and ethics) (Wikipedia, 2009). The goal of this course 
is to teach students the functions of microbes as 
degraders, and pathogens in ecosystems in terms of 
theories and practical aspects and to have them learn 
how to apply these knowledge to enrich environmental 
engineering and sciences. The objective of this study 
is to evaluate EM as a basic course for the environ-
mental engineering program of Korea Maritime 
University which has been accredited by ABEEK.

Ⅱ. Academic Areas That are 
Based on EM

Environmental microbes are so prevalent and easily 
transported between different environments that they 
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can interface with many fields. Interfaces of EM include 
many fields of microbiology: aquatic microbiology, 
water quality, aero microbiology, soil microbiology, 
bioremediation, industrial microbiology, hazardous 
waste bioremediation, industrial microbiology, food 
safety, occupational health/infection control, diagnostic 
microbiology, and biotechnology (Maier et al., 2009). 
EM has emerged in 1970s since several events occurred 
simultaneously that highlighted the need for EM. They 
were emergences of a series of new water-borne and 
food-borne diseases, waste-polluted water and soil, and 
development of sensitive detection techniques of the 
environmental microbes based on molecular biology. 
This has led to development of environmental bio-
technology (EB) that can be defined “the optimal use 
of nature, in the form of plants, animals, bacteria, 
fungi and algae, to produce renewable energy, food 
and nutrients in a synergistic integrated cycle of profit 
making processes where the waste of each process 
becomes the feedstock for another process” (Wikipedia, 
2009). The typical disciplines of EB are bioremedi-
ation, waste treatment, water supply, biofuels, resource 
recovery, environmental biomonitoring, etc. In the 
technological sense, biological materials as well as 
facts of biological processes in the environment could 
be transferred to such scientific and engineering fields 
as biodiversity exploitation, industrial applications of 
biological processes, and pollution control and abate-
ment, and environmental processes (i.e., carbon cycling 
and metal transformation) (Zystra and Kukor, 2005). 
In the following section, therefore, roles of EM and 
EM-based engineering design in understanding and 
leaning EB as a multi-disciplinary area will be des-
cribed.

Ⅲ. Lecture Planning and 
Evaluation Methods

1. Lecture summary

Environmental pollution throughout the world has 
become increasingly serious, causing economic losses 
and social problems. Moreover, the environmental 
pollutants dramatically vary in quantity and quality, 
and in particular the impacts of non-point source 
pollutants and recalcitrant and toxic chemicals on the 
ecosystems become more critical. Accordingly, under-

standing of the functioning of environmental micro-
organisms as degraders in the polluted ecosystems 
will be more necessary. This course, therefore, has 
been designed to get students familiarized with the 
basic concepts of EM, theoretical basis of microbial 
functioning in the environment, concepts of element 
cycling and environmental sanitation, and application 
of environmental microorganisms to environmental 
clean-up and restoration.

2. Lecture goal

The goal of this course is to teach students in 
English the functions of microbes as degraders and 
pathogens in ecosystems in terms of theories and 
practical aspects, and to have them learn how to apply 
these knowledge to enrich environmental engineering 
and sciences.

3. Criteria for learning process and achievement

The criteria for the learning process and achieve-
ment of EM are as follows.
- Understanding of concept of EM in terms of 

physiological, genetical and ecological aspects
- Understanding of functioning of microbes in natural 

and artificial environments 
- Understanding of current status of EM
- Understanding of the contribution of EM to areas 

of environmental engineering and sciences 

4. Learning evaluation standards

The evaluation standards for the lecture are as 
follows.
- Test 1, test 2 and 3: 45%
- Term project engineering design: 20%
- Attendance: 10%
- Quizzes: 15%
- Others: 10%

5. Goal of the program learning achievements

The evaluation method was based on test, design 
presentation, report, problems and quiz. The contri-
bution were 40%, 30% and 30%, respectively for the 
three goals of achievement of focus out of the 13 
goals for EM program of Korea Maritime University:

Goal 1: Application capability of mathematics, basic 
sciences and engineering knowledge to environmental 
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<Table 1> Topics of engineering design projects
Group Topics Contents from (Scragg, 2005; Brock et al., 2006)

Group 1
Monitoring technology for 
environmental pollutants using biosensor

Real time monitoring for BOD, phenols, nitrates, etc.; reference p.97

Group 2
Technology of nitrogen removal by 
Anammox reaction

Removal of ammonia and nitrite under anaerobic conditions; reference 
p.143; textbook p.556

Group 3
Field bioremediation of oil contaminated 
soil using bioventing technology

Bioremediation of oil-contaminated field soil using bioventing technology 
utilizing aerobic microbes; reference p.185; textbook p.651

Group 4
Bioethanol production technology using 
biomass

Production of alternative energy utilizing agricultural residues or wastes; 
reference p.293; textbook p.958

Group 5
In situ bioremediation technology of 
field spilled with crude oil

Oil spill accident of Exxon Valdez; reference p.382; textbook p.652

Group 6
Technology of domestic wastewater 
treatment implemented to green home

References: Ecological engineering and ecosystem restoration; Ecological 
engineering: Principles and Practice

engineering
Goal 3: Capability of designing environmental en-

gineering systems and their components and processes 
realistically considering limitations

Goal 9: Level of knowledge to understand effects 
of the engineering solutions on global, economic, en-
vironmental, and social situations.

 
6. Criteria for learning process and achievement

The criteria for the learning process and achievement 
of EM are as follows.
- Understanding of concept of EM in terms of 

physiological, genetical and ecological aspects
- Understanding of functioning of microbes in natural 

and artificial environments 
- Understanding of current status of EM
- Understanding of the contribution of EM to areas 

of environmental engineering and sciences 

Ⅳ. Syllabus of Engineering 
Design Elements for EM

The syllabus of engineering design elements for the 
course is as follows.

1. Design goal

- To design and implement feasible EM technologies 
applicable to environmental engineering (EE) and 
environmental sciences

- To design based on clear understanding of theories 
and their relations to implementation processes

2. Engineering Design Elements

- Setting design goals: to set goal for design topic 
for each group 

- Investigation and analysis: to do literature study 
and analysis of design topic based on theories and 
previous field implementations 

- Implementation: to suggest methodology for field 
implementations through analysis and synthesis of 
data

- Test and simulations: to accomplish a feasibility 
test for the field implementations through test and 
fitting simulations 

- Evaluation: to address benefits and problems of the 
technologies that will be implemented in the field.

3. Themes of engineering design projects

Topics of engineering design projects for the six 
groups are shown in Table 1.

4. Document structure of Engineering design 

projects 

The document structure of the Engineering design 
projects was summarized as follows.
- Definition, brief history, market status and necessity 

of technology development
- Principle of technology: relevant microbes (species, 

characters), metabolic pathways, mass balance equ-
ation, and others

- Representative case study
- Blue print for the design: overall process and partial 

one in quantitative scale
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<Table 2> Results of learning achievement assessment

Learning achievement for course
Contribution

(%)
Summary of learning achievement Evaluation

1. Application capability of mathematics, basic 
sciences and engineering knowledge to 
environmental engineering

40
- Showed an average level of learning achievement
- Explanation for principles and applications would 

be necessary 
3.3/5.0

3. Capability of designing environmental 
engineering systems and their components and 
processes realistically considering limitations

30

- Showed more than average level of learning 
achievement

- Design implementation under a specific topic 
was proven to be effective 

- More time would be necessary for the productive 
design practices 

3.5/5.0

9. Level of knowledge to understand effects of 
the engineering solutions on global, economic, 
environmental, and social situations

30

- Showed an average level of learning achievement 
- Lecture should be more emphasized to teach the 

effects of the engineering solutions on global, 
economic, environmental, and social situations

3.5/5.0

- Implementation methodology: operation condition 
and treatment efficiency

- Overall evaluation of the technology implemented: 
economic analysis and problems

- References

Ⅴ. Results of Analysis of 
Learning Process and Achievement

All assessment of lecture objectives and the lear-
ning process and achievement were evaluated for 
about 24 students who took the course. The results 
are shown Table 2.

1. Analysis of class evaluation

Lecture objectives: The overall average evaluation 
was more than the average (3.4/5.0). This score, 
however, still needs improvement. The main reason 
for this score would be two kinds. One is that the 
students have not been familiar with the topics of 
microbiology together with no taking of pre-required 
courses. The other will be that the lecture has been 
performed in English for more than 50% of time 
allocated. 

Learning achievement assessment: The overall score 
was more than average level of learning achievement. 
Interestingly, design implementation under a specific 
topic has proven to be effective for an extensive 
learning process. However, the next goal of learning 
achievement score will be 4.0/5.0 that will be accom-
plished by significantly improving goal of learning 

achievement (#1 and 9) as well as goal 

2. Class improvement strategy and methods

The strategies and actions to improve class will be 
as follows:
- To encourage students to participate the class with 

self-motivation and accountability: preview and 
review of the lecture, and team presentation 

- To encourage students to get indulged in the English 
only environment: performing lecture in full
English at least 50% of the class time and having 

them ask and write question in English and performing 
tests of open-book and non-open book, and quizzes 
to check the students’ progress
- To enhance the interests of students in class: pro-

viding more visual information and data, and having 
students listen to VOD class materials and asking 
questions for their feedback 

- To ask students to submit a project report written 
in English with their own language 

3. Evaluation of engineering design elements 

for EM

The engineering design elements for the course 
were evaluated for the projects assigned in terms of 
SWOT (Table 3).

4. Analysis of relationships among various scores 

achieved by the students for the EM course 

There was a higher positive correlation between 
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<Table 4> The relationships of engineering design topics to EM and other disciplines

Group Engineering Design Topics
Contents of EM relevant 

to the Topics
Other Scientific and Engineering 

Fields Relevant to the Topics

Group 1
Monitoring technology for 
environmental pollutants using 
biosensor

macromolecules, metabolism, 
growth, metabolic diversity, gene 
expression

environmental and chemical engineering, 
enzymology, electrical and electronics 
engineering, photonics, electrochemistry

Group 2
Technology of  nitrogen removal 
by Anammox reaction

metabolism, microbial growth and 
physiology, metabolic diversity

environmental and chemical engineering, 
membrane technology

Group 4
Bioethanol production technology 
using biomass

fermentation, metabolic diversity 
and pathway, recombinant DNA tec 
hnology 

environmental and chemical engineering, 
enzymology, fuel combustion technology, 
atmospheric science and engineering.

<Table 3> SWOT analysis of the engineering design elements of the project of each group
SWOT analysis Group 4 Group 1 Group 2

Strength

- Good understanding of the issue 
and following report the guidelines 
overall

- good presentation skills

- Good understanding of the issue 
and following report the guidelines 
overall

- Good analysis of mechanisms

- Efforts shown to combine membrane 
separation system with Anammox 
system

Weakness
- Not providing field scale data
- Not showing economic analysis 

based on reference 

- Not providing field scale data
- Not showing economic analysis 

based on reference

- Not understanding of the issues 
well 

- Not showing economic analysis 
based on reference

Opportunity
- Quantity of data can be available 

to be used for writing a good 
report

- System design can be improved 
towards application to the field

- Membrane separation system can 
be useful to enhance the efficiency 
of Anammox system

Threat
- No large scale design trial 
- The contents not in depth

- Sketchy large scale design trial
- Poor understanding of the issue 

and the system can mislead the 
design 

total score and the score such as test score or quiz 
score(R2>0.8) while there was little correlation between 
total score and the score such as design project score 
or project presentation score. This might be because 
project evaluation was performed on a team basis 
rather than an individual basis. Thus team project 
evaluation method needs to be improved to reflect 
objective achievements of each student and team.

5. Contribution of the EM lecture and EM-based 

engineering design to learning of EB as a 

multi-disciplinary area of environmental science 

and technology 

In the lectures of EM performed during 2008 and 
2009 years, four multidisciplinary areas have been 
emphasized in its teaching: biomonitoring, wastewater 
treatment, bioremediation of environments, and bio-
energy production. The Table 4 shows how the term 
paper topics for engineering design are related to the 

study themes of EM and other fields of science and 
engineering. 

Ⅵ. Conclusion

Choosing course materials, designing the course and 
managing the lecture need to be carefully performed 
to meet the goal of learning achievements considering 
the needs of students (i.e., study materials, degree of 
English lecture portion) and students’ English level.
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