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 The Wastewater Treatment Project was started

in 2010 by grade 11 science students. Roong Aroon school 

explored different methods for wastewater treatment 

that were appropr iate for th is envi ronmental ly  

friendly school until a science teacher and students 

initiated this wastewater treatment project using  

Activated Sludge.  The treatment started to treat wastewater 

from the school kitchen and after that it was the project for 

the upper secondary school building by another science 

student group and last year it was the project of Mr. Tongthai   

Taotong, Kittinan Thanissaranon, Montien Athiworakul 

and Tanasit Tuangcharoentip to do for the lower secondary 

school building.Year after year, science students have  

continued the wastewater treatment project which 

expresses a feeling of responsibility for the community.  

Water usage from human beings causes much more 

wastewater than other sources.Therefore, we have an 

obligation to do something to treat wastewater before  

we let it back into nature.

 In December 2014 the group of Mr. Tongthai, 

Kittinan, Montein and Tanasit had the chance to present 

their wastewater treatment project in English to  

the audiences from IPST (Institute for the Promotion 

of Teaching Science and Technology). John R. Stiles,  

the consultant for STEM; IPST, was very impressed and 

wanted to make the presentation into an article for the STEM 

Journal. Thank you to the IPST for publishing the wastewater 

treatment project as an example of a real problem based 

project as one of the STEM projects.

 The following document is from teacher Chalee  

Manorom, the Chemistry teacher who was behind the  

success of this project.He reflected on what, how and 

why he did his teaching road map and how he assessed  

students using both formative and summative assessment.

This document was not published as the example for STEM 

but the school finds that it’s useful for other teachers to know.  

 All of this development in teachers here at   

Roong Aroon School, we need to mention our super coach 

 Prof. Prapapat Niyom, and express our heartfelt thanks for 

inspiring us to be better teachers.   

Introduction
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Roong Aroon 
Wastewater 
Treatment Project

 We are the water treatment project team 

from Roong Aroon School in Bangkok, Thailand. 

Our team consists of four grade 12 science major  

students, and every one of us has been studying and 

working on developing our school’s water treatment 

system.This article explains how the “Problem Based 

Learning” (PBL) process proceeds throughout our 

project.

 During our junior year, studied about the 

variety of environmental problems through an assigned 

project. We realized that wastewater is one of the 

problems, which strongly relates to us, since we use 

water for cleaning ourselves, dishes, and even in the 
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use of manufactured goods. After water is used, it becomes  

contaminated and is disposed into natural water sources. 

This contaminated water ruins the aquatic eco-system and 

causes further damages. For these reasons, we chose to place  

our interest on the wastewater issue.

 

 After we had identified what we were interested 

in, we traced back the pathway of the water. To begin our  

research, we went to a forest in Chiang Mai province in the 

north of Thailand, where the pathway starts. We examined the  

quality of water by observing aquatic organisms, because 

each type has a different tolerance in different water qualities.  

For example, mayflies, which were found, can survive only 

in the cleanest natural water possible. This observation told us 

that the water was really clean. Next, we searched for more 

information to assure how water gets contaminated and  

becomes wastewater. We knew that wastewater is produced 

from human usage. Similarly, it is acknowledged that  

our school, a big community, produces a massive quantity of 

wastewater. In fact, our school had realized this problem and 

began a water treatment project 8 years ago.

 

 Our curriculum is based on Problem Based Learning, 

which includes 3 main processes: identifying the problem, 

identifying and researching the knowledge required, and  

applying the knowledge to solve the problem.
Figure 1 : Field study at 
Maekhan river, Samoeng 
district, Chiang Mai.
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 In this process, we examined the water quality around the school grounds by 

measuring the Chemical Oxygen Demand (COD) in several places. We measured 

from the steam next to the school to the water treatment systems in the school 

(Our school had an awareness of this problem too).  As a result, we noticed that 

the water treatment system in one of our school’s buildings (Patharapa) was inef-

ficient (treated water’s COD  120 mg/L)1. Therefore, we decided that our project 

would be focusing on this system.

 

 As can be seen on the right side of Figure 2, basic knowledge from the 

school’s classes is an important foundation in order to understanding the further 

solution to our problem. For example, we had learned about Redox Reactions, 

Concentration of Solutions, Stoichiometry, Acid-Base, and Titration in chemistry 

class. These topics enhanced our understanding when we have to prepare several 

solutions in the measuring the water quality process in the laboratory.

Figure 3. Required  
information diagram

Identifying the problem

 1For more information, see Table 1. COD Table for the Patharapa wastewater treatment system

Figure 2. Patharapa’s 
water treatment system

In order to solve the problem, information shown in Figure 2 was required.

Identifying and researching
knowledge required
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 An example of the information we needed to understand in order to solve the 

problem is how to measure Chemical Oxygen Demand (COD), which is a process 

for measuring the quantity of organic matter in the water.

 After calculating the amount of potassium dichromate needed to oxidize 

the organic material in the water and then adding it to the sample, we titrated with 

iron and observed any color change. A change from green to red-brown indicated 

to us that there were organic compounds in the water supply.2

 

 Another example of the information our literary research showed we needed 

to understand in order to solve the problem was to understand the concept of using 

biological ways to treat the water by knowing the nature of bacteria that digests 

the organic matter naturally. This means leaving the wastewater alone, and letting 

every organic compound in the water to be digested at some point. However, this 

natural process takes a lot of time. This is where a water treatment system plays 

a role by helping the bacteria to digest faster.

 

 The next step was to understand the former water treatment system in our 

school, which was begun in 2006. 

 

2Summarized from: Top Publishing (2006) Wastewater Treatment System: Selection, Design, Operation and Problem Solving.

 We started by observing the nature of the water first. We then found out that 

wastewater, which runs into this system, is contaminated by the use in everyday 

life, such as dish washing, cooking, and even washing hands.

 

Figure 3 illustrates how the old water treatment system worked. As can be seen, 

the system is separated into 3 sections:

1. Grease trap - In this part, wastewater is left for a day until grease floats 

to surface of the water, because grease molecules are non-polar, yet water a polar 

molecule, so grease is never soluble in water. After that, we scoop the grease out 

of the system. We have to remove the grease because its molecule is bigger than 

other organic compounds in the water. 

2. Aeration – In this part, oxygen is added to the water in the system. 

We need to add oxygen to the water because there are two types of bacteria.  

The first type, aerobic bacteria, uses oxygen to digest organic compounds. The 

second type, anaerobic bacteria, does not require oxygen.

 However, aerobic bacteria is far more efficient in digestion, because an-

aerobic bacteria’s cellular respiration only goes through “glycolysis”, while aerobic 

bacteria, using oxygen, continues through the “Krebs cycle” and “Electron Transport 

Figure 5. Diagram of 
previous water treatment 
system at Patharapa 
building

Figure 4. The process for 
measuring the amount of 
Dissolved Oxygen (DO) 
in the water
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Chain” in cellular respiration. Because of the incomplete process, anaerobic bacteria 

produce a small amount of CO
 
 with still a lot of organic material and distinct-odor 

gas left. In contrast, aerobic bacteria are able to digest every organic compound, 

producing CO and water. This is why we need to add oxygen into the water: to 

provide enough oxygen for aerobic bacteria to do its job.

3. Precipitation – This section is important because after the bacteria digest 

the organic compounds, some of the compounds are transformed into the  

bacteria’s mass. If we do nothing more, the water will eventually become full of 

bacteria. Thus, in this precipitation part, we left the water to stay still, allowing all 

the more massive and dense bacteria to sink to the bottom of the tank, leaving the 

cleaned water on top.

 

 

 After identifying the problem and gathering information, we concluded that 

we should work in 2 parts. The first part was to create our own water treatment 

system to treat the wastewater that was unavoidably released. The second part 

was to reduce the quantity of used water.

 There were 9 sub-processes in the first part.

1. Measured the treated water from the old system by checking the COD. The 

purpose of checking the COD was to understand how bad the wastewater was.  

From the results in Table1 below, we could clearly see that the system had  

a problem. (The standard for COD value must not exceed 120 mg/L)3

3As specified by the Pollution Control Department of Thailand

2. After we knew that the system had a problem, we decided to do another test. 

This experiment’s purpose was to identify whether the system provides adequate 

oxygen to bacteria or not. The method we used was to measure the amount of  

Dissolved Oxygen (DO) in each aeration tank. The result of the experiment indicated 

that there was inadequate oxygen even in the last tank of the aeration part, letting 

us know that there was a problem with the aeration system.

3. From the previous experiment we knew that the aeration system had a problem, 

however, we did not know if the problem was from the aeration system itself or from 

the inadequate sizes of each of the system’s tanks compared with the amount of 

wastewater per day. This led us to measure the quantity of wastewater per day, 

by draining the tank at the end of the day and measuring the incoming water.  

The result of the measurement illustrated that Patharapa building generated  

approximately 2.45 cubic meters of wastewater each day. We realized that the 

grease trap section and the precipitate section were inadequate in size to trap 

grease or precipitate the bacteria effectively.

4. According to the outcome of the previous measurement, we knew that we 

needed to design a new system for the grease trap and precipitation sections in 

order to cope with the excess quantity of income wastewater. While designing the 

new system, we always considered these factors: Capacity, Limited Area, Height 

(for odor and appearance sake), and for maintenance. The final plan is shown in 

Figure 5. The area of each is noted in the space at the lower part of the diagram.

to solve the problem
Application  

Table 1. COD Table for 
the Patharapa waste 
water treatment system

2

2
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5. After the design process, we proposed the plan to teachers and construction 

crews in order to improve the plan and get the budget5 approved by the Budget 

Department of our school. This process takes approximately 3 months.

6. The construction team commenced the construction process with help from us.

Figure 6. Our Construction 
Plan for The New Grease 
Trap Section (top view)4

Figure 7. The construction 
of The New Grease Trap 
Section

Figure 8. Water flow 
through old system

Table 2. Indication that the 
water does not flow equally

Aeration

Grease Trap Precipitation

4 Construction plans of grease trap and precipitation section are provided in the appendix.
5 Table of budget is included in appendix.

7. After the construction was completed, we noticed that the treated water did not 

look clear, and there were still lots of noticeable particles. Moreover, we noticed that 

bubbles from detergent, which is used for washing dishes, still existed unequally 

in the oxygen section, which led us to the hypothesis that the water does not pass 

each side of the aeration section equally. 

So, we designed another experiment to measure the quantity of water  

going into each side per day. We drained all the water out from the aeration sec-

tion, then we waited until the end of the day and measured how much water went 

into the section. The result is shown below. You can see that the water went into 

the orange side more than the red side by nearly one and a half times.

Figure 9. New configuration 
after the rearrangement.

8. Consequently, we rearranged the pipes, so that the water went into each side 

equally. 
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Table 3. Final amount of 
COD for treated water 
from all system around the  
campus

COD (mg/L) (Oct 22,2014)
IN OUT

Patharapa Building 1319 149

Kitchen 999 209
Atitayakarn Building 1101 268

9. After all of the experiments and adjustments we came out with the final value of 

COD shown in Table 3. We felt that the quality of the water is still not good enough, 

so we definitely had to do some more experiments.

Figure 11. Explaining the 
negative effects of detergent 
to students

 

        The second part was to reduce the quantity of used water. Even if we 

can efficiently purify wastewater, if we do not change the behavior of the users, 

the wastewater problem could still run on or even grew bigger. For instance,  

students could have used water too much so that it exceeds the limit of the system, 

causing the system to fail. For this reason, we have educated students about the 

negative effects of wastewater by taking students who study in Patharapa Building  

(Grades 7-9) to observe our water treatment system during their homeroom period. 

Likewise, we also persuaded them to decrease the use of detergents, because 

detergent is also an organic compound and can emulsify grease and water, which 

make it difficult for the system to trap the grease. When it is hard to trap the grease, 

it will of course go through to the aeration section, meaning more compounds for 

bacteria to digest, and more time required to get rid of all organic material.

Figure 9 . The New 
Grease Trap Section
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Plans for the future.
 

 We will continue to improve the treated water quality. We hope 

that treated water will be reusable for watering plants and washing the 

recyclable trash in the future.

Conclusion of 

what we have learnt
Critical thinking and analyzing

Ability to use tools and to work in  

laboratory correctly

Researching information

2. Knowledge Measuring quality and volume of the water

Calculating quantity of chemical sub-

stance in the water

Basic knowledge of construction

The various types of systems and the 

processes of treating wastewater

Concerned more about effects on the 

environment.

Having more responsibility

Increasing our analyzing ability

3. Our growth

1. Skills
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Figure 12. Our Construction Plan for The New Grease Trap Section (top view)

Figure 13. Our Construction Plan for The New Grease Trap Section (cross section)

Figure 14. Our Construction Plan for The New Precipitation Section (top view)

Appendix

3 m3

Table 4. Table of budget in THB (1 US$ = approximately 32 Thai baht)

Figure 15. Our Construction Plan for The New Precipitation Section (cross section)

Grease Trap section 8,000
Grease Trap roof 2,640

precipitation section 4,800
precipitation roof 2,425
Others 350

Total constructing material 18,215

Construction Crew Fee
(Approx. 30% of Constructing material) 5,465

Total 23,680

0.1
0.1

0.1 0.13.1

3.3

1.25

1.45

0.71

0.4

0.1

0.9 0.1 3.1 0.1

0.5

0.4

0.65

0.15

20 21
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 STEM at Roong Aroon School was started by the 

Super Coach, Assoc. Prof. Prapapat Niyom. She has inspired 

all teachers in their insight awakening development in  

order to be able to recognize each learner’s ability to 

learn and give them an opportunity to cultivate their will,  

self-reliance, open-minded relationships and to achieve 

their highest potent ia l i ty in sel f-directed learning. 

Most of the teachers are experienced in planning integrative  

lessons for students to learn through Project-based learning  

which relate to the real problems in the school community 

as well as Global Issues.The students’ wastewater treatment 

project is one outcome of science being integrated  

with technology, engineering, and mathematics, which at  

Roong Aroon is called STEM.

The school’s philosophy is as follows6:

Learning is a Human Living Process which emerged from 

balancing the inner and outer factors of learning (Kalyana-

mitta and Yonisomanasikara). 

The holistic learning practices occur within integrative learning 

contexts that nurture insight learning awareness and cultivate 

a sustainable relationship to others and the whole environment.

Deeper learning which aims to nurture one’s inner learning capacity to promote 

wisdom-based learners.  The processes for practices are mindfulness cultivation, 

self reflection, meditation, spiritual arts, and public volunteer services.

Learning by Doing aims to practice with hands-on activities in real 

situations to promote self-directed and self-reliant learners.  The learning processes 

for practices are activity-based, problem-based, project-based, and research-based 

through learning units integrated with real life experiences.

Communicative Learning aims to share knowledge and understanding 

in building up learning to promote social engagement and learning partners with  

sustainability.  The learning tools for practices are group learning, discussion, 

dialogue, knowledge management, community sharing, group meeting, people 

mapping, and ICT presentation.

 6 Roong Aroon School, The orientation book for parent, 2000.

The 3 important modes of Holistic Learning Practices are:Figure 16 : Field study at 
Maekhan river, Samoeng 
district, Chiang Mai.
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 Curriculum is designed under these beliefs and methodologies.  Teachers 

are trained to have deeper learning by finding the heart of the subject/content 

that they will teach students.  What is the heart of Chemistry?  Why do students 

need to learn Chemistry?  What is the difference between students who learn  

Chemistry and the ones who do not learn Chemistry?  These enquiry questions awaken  

teachers’ insight development to really be aware of their knowledge and self  

realization on the true concept of Chemistry.   

 Chemistry teachers found, through their deeper understanding, that  

Chemistry is a subject related to knowing and understanding the nature of matter 

and how there are so many appearances and characteristics.The chemical  

structure in matter causes its’ property differences and students who learn Chemistry 

will have the ability to imagine these chemical structures even they cannot see 

them with their physical eyes.  Students are surrounded by nature and created  

things/matter and they should have the knowledge to understand and use things properly.    

Using ‘inside’ eyes to imagine the unseen atom relationships develop higher  

abstract thinking skills.  And this is the answer to why students need to learn Chemistry.  

 This is how our super coach brought teachers to the stage of deeper learning 

on each teacher’s subject teaching.Then, teachers organize content and attainment 

targets for students to achieve and design their lesson road maps as semester 

teaching plans.  The road map includes content, learning processes and evaluation.  

The pedagogy behind Roong Aroon teaching road maps concerns the 3 important 

modes of the Holistic Learning Practices: Deeper learning, Learning by doing, and 

Communicative learning.  Project-based learning and problem-based learning 

are designed starting with students’ insight awakening development in subject’s  

knowledge as the input to stir student minds for their project ideas.  

 Teacher Chalee, a chemistry teacher, brainstormed and organized his 

thought into a Mind Map and project-based learning which is shown below this 

paragraph.  His class goal was that students have knowledge to understand the 

problems which exist around them and set one of these problems as a project for 

learning.  He set the theme: “Energy and Environment Crisis” because of these  

3 main concerns:

 Energy and environment are critical global issues

 All human beings will be affected as users when the  

 energy/environment equilibrium is effected

 If we don’t have knowledge, we cannot solve problems properly  

 and may cause worse effects

7 Issac  Asimov, A short History of Chemistry ‘An Introduction to the Ideas and Concepts of Chemistry’, 1965

The Heart of Chemistry: 
mind’s eye on matter properties7

Figure 17 : The chemical 
structure of water and 
the ability of water to 
dissolve substance.
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Then, Teacher Chalee did a lesson planning roadmap following this diagram:

The first part is the learning processes for input required knowledge and learning 

skills.

The second part is the learning processes for student output to do project.

Set theme  
goals

Identify the core value 
and impact

Identify  
knowledge  

needed
(What & Why 

& How)

Design Lesson  
road map 
 O-L- E

Share & Discuss
Project ideas 

Design “Input”

Basic knowledge and 
learning processes to 
get the key contents 
and simultaneous 

outputs

Project  
 Ideas

Search 
information and 

knowledge 

to shape up  
the project title

Set goals or 
achievement

Design  
implementation and 
experimentation plan 

and Do

Follow up and  

evaluation

Conclusion and 
suggestion

for future project

Project 
presentation

1. Where water   
comes from

1. The Origin & Evolution 
   of river system 
2. Site study: head water  
   forest

3. Erosion 

4. Characteristic of Sources

Physics

 - Density 

 - Suspension

Chemistry

 - Solvent

  - Polarity 

  - Electrical properties 

  - Acid-bass reaction

3. Water Eguiriblium     
    Causes

1.Chemical from Agriculture 

2. Chemical from Factory

3. Human Activities 

     - Household
     - Community

4. Climate Factors

4. Water  
    Sampling Test

- pH 
- DO 
- COD

1. Physical Unit    
   Operation

- Screening 
- Mixing 
- Flotation 
- Sedimentation 
- etc.

2. Chemical Unit  
   Procedures

- Precipitation 
- Neutralization 
- Disinfection

3. Biological  
   Filter

1. Activated Sludge 
2. Aerated Lagoon 
3. Anaerobic

2. Water  
    Properties

5. Wastewater 
Treatment

WATER

Figure 18 : Teacher 
Chalee’s mind map

Figure 19 : The learning 
processes for input  
required knowledge and 
learning

Figure 20 : The learning 
processes for student 
output to do project



30 31

Figure 21 :The wastewater 
treatment care for lower 
secondary school project

 The learning process for teacher’s input motivates students’ inspiration 

by taking them to do field studies observing and collecting water from different 

sites around school and bringing them back to do water quality tests. Students did 

the test of DO (Dissolved Oxygen), COD (…Oxygen Demand), and pH to check 

the quality of the collected water.  With the results, the teacher brought student 

into an analytical period doing group learning, discussion and reflection. Students 

found that they are part of the wastewater problem because they are contributors, 

such as when they use water for cleaning.  Then, the teacher did the knowledge  

management and taught the required knowledge and theory to start the project.  

An example question from the teacher was “where does wastewater come from?”  

Students discussed this until they realized that they are part of the problem as 

ones who make wastewater. When they could identify the real cause of problem, 

they saw what the problem is and why it is a problem.  Then, they would be able 

to know how to solve the problem.  The teacher found that real society issues 

have more impact on secondary school students and also stimulate a sense of 

responsibility for society because they know that they are one of the causes of the 

environmental problem. Using the real problem as the students’ project has more 

impact on their lives.

 The last part is the assessment and evaluation.  Teacher Chalee set the 

students’ attainment targets to achieve as the following:

 

 Performance : self directed learning & Independence

 Attitude : care for self,  for others and for the world

 Scientific thinking skills : critical thinking skills, problem solving 

  and creativity

 Core values: the real community problem & critical global 

  issues

 

 These 4 attainment targets are designed in detail for students’ achievement.  

The teacher designed his template to assess students’ 21st century learning skills 

in the form for the formative assessment and the required characteristics. For the 

required knowledge/content, the teacher designed the examination and work pieces 

to evaluate student’s ability in the form of a summative assessment using rubric 

score system.  Therefore, the evaluation template is divided into 3 main areas: 

21st century Learning skills, required knowledge, and performance.  Learning skills 

are assessed during the learning processes to support and improve students as 

individuals.  The teacher assesses it by week to know and to find ways to support 

them to do better.  The learning skills are the 21st century learning skills which 

are systematic thinking skill, working skills including team work, and communication 

skill.The teacher team developed the form and was trained to use the formative 

assessment.  This is the Chemistry students’ evaluation template which also  

applies to other subjects.
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Learning Processes     

 Evaluation

     

  
        

Required  Knowledge 
(Input)

Student Project

(Output/outcomes)

Intro Awareness  
by 

Field study 
(A)

Require 
content 

(B)

Project Title 

(C)

Project 

Implement 

(D)

Project 

Presentation 

(E)

I.  21st century  
learning skills       
1. Scientific thinking skills  

    - Observation  A1 (F) B1 (F) D1 (F)
    - Questioning and 
      hypothesis  A2 (F) B2 (F) C1 (F) D2 (F)

    - Identify Prob. Cause & 
      effect  A3 (F) C2 (F) D3 (F)
    - Problem Solving  A4 (F) D4 (F)
    - Experiment Plan  A5 (F) D5 (F)
    - Assess  D6 (F)
    - Follow up  D7 (F)
    - Evaluate  D8 (F)
    - Summarise  A6 (F) D9 (F)
    - Presentation  A7 (F) C3 (F) D10 (F)
2. Critical thinking  &  creative 
   thinking  A8 (F) B3 (F) C4 (F) D11 (F) E1 (F)
3.  Information / Knowledge     
    research  B4 (F) C5 (F) D12 (F)

4.  Laboratory skills A9 (F) B5 (F) D13 (F)

5.  Team work C6 (F) E2 (F)

6.  Communication skills  

   - Sharing & Discussion  A10 (F) B6 (F) C7 (F) D14 (F) E3 (F)

   - Report project  D15 (F)
   - KM 
    (Knowledge management)  A11 (F) B7 (F) D16 (F)

   - Self reflection  A12 (F) B8 (F) D17 (F)

II. Knowledge required 
& Contents  

1.  Project Presentation  
Project  
Presentation

2.  Examination   
examination 

(S) (S)

The Science subject Evaluation template M 6  Term 2/2557  

Note  F    is as the Formative Assessment
 S is as the Summative Assessment
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