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Curriculum Overview
(Click to jump to lesson)

Lesson 01  
Introduction to 
Aquaponics

	⊲ Slide Deck
	⊲ Worksheet/Activity
	⊲ Teacher’s Guide

Lesson 02  
Anatomy of an 
Aquaponics System

	⊲ Slide Deck
	⊲ Worksheet/Activity
	⊲ Teacher’s Guide
	⊲ Quiz

Lesson 03  
Introduction to the 
Nitrogen Cycle

	⊲ Slide Deck
	⊲ Worksheet
	⊲ Teacher’s Guide

Lesson 04 
Measuring Nitrogen 
Levels in Your System

	⊲ Slide Deck
	⊲ Worksheet/Activity
	⊲ Teacher’s Guide
	⊲ Optional Activity

Lesson 05 
Nitrogen Cycle & 
Population Dynamics

	⊲ Slide Deck 
	⊲ Worksheet
	⊲ Teacher’s Guide

Lesson 06  
Plants in Aquaponic 
Systems

	⊲ Slide Deck 
	⊲ Worksheet/Activity
	⊲ Plant Nutrient Guide
	⊲ Teacher’s Guide
	⊲ Additional Resources

Lesson 07 
Fish in Aquaponics 
Systems

	⊲ Slide Deck 
	⊲ Worksheet/Activity
	⊲ Mini Lab
	⊲ Teacher’s Guide
	⊲ Quiz

Lesson 08  
Our Modern Food System

	⊲ Jigsaw Readings
	⊲ Worksheet
	⊲ Teacher’s Guide

Lesson 09  
Troubleshooting Water 
Quality Challenges

	⊲ Worksheet
	⊲ Teacher’s Guide

Lesson 10  
Building an Aquaponics 
Business 

	⊲ Slide Deck 
	⊲ Worksheet
	⊲ Teacher’s Guide

Appendix  
Standards and Alignment

	⊲ Primary NGSS
	⊲ Additional NGSS
	⊲ Great Lakes Literacy
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’s 
Aquaponics: Farming Fish, Growing Greens

T his curriculum was 
designed to be used 
in conjunction with an 

onsite aquaponics system.  
The lessons are aligned with 
Next Generation Science 
Standards, incorporating 
material from biology, 
chemistry, and environmental 
science. The general idea of 
the curriculum is for students 
to learn basic scientific 
concepts through the lens of an 
aquaponics system. In this way, 
standards are met while also 
demonstrating their relevance 
to an applied system as well 
as providing an opportunity 
for genuine experience 
and experimentation. While 
some lessons naturally 
favor a specific discipline, 
an effort was made to draw 
connections between the 
sciences to showcase the true 
interdisciplinarity of science 
and research. Furthermore, 
the curriculum incorporates 
a variety of activities and 
assessment styles that involve 
reading comprehension,  
data analysis, and basic math 
skills. Thus, the lessons also 

meet many of the Science and 
Engineering Process Standards 
laid out by the States of Illinois 
and Indiana.  

The curriculum consists of 
10 lesson plans with material 
for up to 25 45-minute class 
periods. Early lessons focus on 
learning the science involved 
in aquaponics and are lecture/
worksheet-heavy to deliver 
the necessary core content. To 
make the lectures interactive, 
many “brainstorming” slides are 
included to encourage student 
participation. As the students’ 

knowledge grows, the lessons 
and activities shift to self-guid-
ed learning and project-based 
activities that require students 
to apply their knowledge to 
complex problems.  

The lessons are flexible and 
educators are encouraged to 
edit or add content as neces-
sary. Lessons were developed 
to build on each other and be 
delivered in sequence, but 
efforts were made to make the 
lessons stand alone if educa-
tors would like to select only 
certain lessons. 

A NOTE ON USING YOUR SYSTEM: 

A common roadblock to using your system is the physical space 
in which the system is set up. In many schools, it is simply not 
conducive for the large number of students in a class. Finding 
the best way for students to interact regularly with their system 
can be tricky, especially if a second staff member is not available 
to help. If you find yourself in this situation, consider creating 
groups that rotate through managing and monitoring the system 
each week. Have those students make observations and report 
back to the class on the health of the system. Most students get 
excited about visiting the system and it is worth finding a way to 
maximize their time interacting with it.
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L E S S O N  0 1

Introduction to Aquaponics

Time to Complete
45 MINUTES

PREPARATION

Prerequisite Knowledge
Nutrients
(However, this lesson could incorporate 
the definition of nutrients and serve as 
the introduction to these concepts.)

Vocabulary
Aquaculture
Aquaponics
Cages
Deep water culture
Flood and drain system
Hydroponics
Net pens
Nutrient film technique
Raceways
Tanks

 Learning Objectives:

	Î Students will be able to identify aquaponics, hydroponics, and 
aquaponics systems. 

	Î Students will be able to describe the basic functions of 
combining aquaculture and hydroponics systems.

	Î Students will identify a current issue and reflect on how aqua-
ponics could be used to address the problem. 

 NGSS Alignment

HS-ETS1-3. Evaluate a solution to a complex real-world problem 
based on prioritized criteria and trade-offs that 
account for a range of constraints, including cost, 
safety, reliability, and aesthetics as well as possible 
social, cultural, and environmental impacts.

 Prep Work

	☐ Print copies of the worksheet and accompanying article for 
students.

	☐ Worksheet: Introduction to Aquaponics: Hydroponics 
used to feed U.S. troops

	☐ Answer key at the end of this lesson plan

	☐ Article: National Nutrition Month: Hydroponics feed ailing 
WWII Army Air Forces personnel https://www.airforcemedicine.
af.mil/News/Article/582803/national-nutrition-month-hydroponics-feed-
ailing-wwii-army-air-forces-personnel/

	☐ If you would like to give this lesson real-world purpose, you can 
schedule a scientist or farmer to visit your classroom virtually 
through Illinois-Indiana Sea Grant’s Students Ask Scientists and 
Students Ask Farmers classroom video chat programs. You can 
schedule a video chat with a scientist online at https://iiseagrant.
org/education/students-ask-scientists. To schedule a video chat with a 
farmer, email iisg@purdue.edu.

Lesson Overview

1.	 Introduce the concepts of aquaculture and hydroponics to 
students to provide background information that will help them 

https://www.airforcemedicine.af.mil/News/Article/582803/national-nutrition-month-hydroponics-feed-ailing-wwii-army-air-forces-personnel/
https://www.airforcemedicine.af.mil/News/Article/582803/national-nutrition-month-hydroponics-feed-ailing-wwii-army-air-forces-personnel/
https://www.airforcemedicine.af.mil/News/Article/582803/national-nutrition-month-hydroponics-feed-ailing-wwii-army-air-forces-personnel/
https://iiseagrant.org/education/students-ask-scientists
https://iiseagrant.org/education/students-ask-scientists
https://iiseagrant.org/education/students-ask-scientists
mailto:iisg%40purdue.edu?subject=Request%20to%20Schedule%20a%20Video%20Chat%3A%20Introduction%20to%20Aquaponics
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understand what aquaponics is and how the plants and animals in the system benefit from combining the 
two culture methods by going through the definitions in the slide deck, showing videos, and giving the 
students time to share their own experiences. If you have scheduled a Students Ask Scientists or Students 
Ask Farmers video chat, allow ample time for discussion.

2.	 Allow 3-5 minutes for students to share their experiences about visiting an aquaculture facility. Ask them 
follow up questions, examples below:

a.	 What did you see? 

b.	 What kind of animals were being raised? 

c.	 Was the farm indoors or outdoors? 

d.	 What were the animals grown for? 

3.	 The last slide in the slide deck introduces the concept of sustainable aquaculture. Allow 3-5 minutes for 
discussion. Define sustainable aquaculture, then have students answer the question How does aquapon-
ics fit the definition for sustainable aquaculture? Answers below:

a.	 Eliminates pollution (chemical fertilizers, herbicides, pesticides)

b.	 Reduces water usage

c.	 Can be used in places where other techniques cannot (for example, dry desert areas or cold 
climate regions)

d.	 Reduces mileage and transportation emissions (local aquaponic farms help reduce the distance 
food travels from farm to table)

4.	 End with the Introduction to Aquaponics: Hydroponics used to feed U.S. troops assignment. Hand out the 
printed worksheet and article entitled National Nutrition Month: Hydroponics feed ailing WWII Army Air 
Forces personnel. If students prefer to read the article online, you can find it here: https://www.airforcemedicine.
af.mil/News/Article/582803/national-nutrition-month-hydroponics-feed-ailing-wwii-army-air-forces-personnel/. This article pro-
vides an example of how hydroponics was used in the past to provide nutritious food for American troops. 
Give students 10-15 minutes to read the article and complete the worksheet. Online research can be used 
if students get stuck. If time permits, have students share the problem they selected in today’s world and 
their thoughts about how aquaponics could be used to solve the problem.

https://www.airforcemedicine.af.mil/News/Article/582803/national-nutrition-month-hydroponics-feed-ailing-wwii-army-air-forces-personnel/
https://www.airforcemedicine.af.mil/News/Article/582803/national-nutrition-month-hydroponics-feed-ailing-wwii-army-air-forces-personnel/
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ANSWER SHEET

Aquaponics: Farming 
Fish, Growing Greens

L E S S O N  0 1 
Introduction to Aquaponics

Introduction to Aquaponics - Hydroponics used to feed U.S. troops

Name 						      Date 		  Class Period 	

Instructions: Read the article National Nutrition Month: Hydroponics feed ailing WWII Army Air Forces 
and reflect on how aquaponics could be used to solve a current problem.

1.	 What was the problem outlined by the article?

The troops lacked access to healthy, well-balanced meals and fresh food.

2.	 In a sentence or two, summarize what the solution to the problem was.

The U.S. Air Force built hydroponics greenhouses in remote stations to grow 
vegetables for the troops.

3.	 What is one current problem in the world that aquaponics could be used to solve?

	° Pollution caused by the use of chemical fertilizers, pesticides, and/or herbicides

	° Water conservation/limited water resources

	° Limited growing seasons

	° Global warming — traditional farms require acres of farmland and produce is 
often 	 transported over long distances

	° Food insecurity

4.	 Describe how aquaponics could be used to solve the problem.

	° In aquaponics, fish waste is used to feed plants. As a result, the need for 
chemical fertilizers is eliminated. No chemical waste is released into the 
environment. There’s also no soil, which means no weeds. Growing plants in a 
soilless system eliminates the need to control weeds. No herbicides are needed.

	° Since the fish feed the plants and the plants clean the water, aquaponics 
systems can reuse water, which reduces water usage.

	° Food can be grown all year round.

	° Aquaponics farms located near markets can reduce the food system’s carbon 
footprint because the produce won’t need to be shipped long distances.

	° Food can be grown close to the communities that need them, and food can be 
grown all year round.

https://www.airforcemedicine.af.mil/News/Article/582803/national-nutrition-month-hydroponics-feed-ailing-wwii-army-air-forces-personnel/
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LESSON WORKSHEETS
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Aquaponics: Farming 
Fish, Growing Greens

L E S S O N  0 1 
Introduction to Aquaponics

Introduction to Aquaponics - Hydroponics used to feed U.S. troops

Name 						      Date 		  Class Period 	

Instructions: Read the article National Nutrition Month: Hydroponics feed ailing WWII Army Air Forces 
and reflect on how aquaponics could be used to solve a current problem.

1.	 What was the problem outlined by the article?

2.	 In a sentence or two, summarize what the solution to the problem was.

3.	 What is one current problem in the world that aquaponics could be used to solve?

4.	 Describe how aquaponics could be used to solve the problem.

https://www.airforcemedicine.af.mil/News/Article/582803/national-nutrition-month-hydroponics-feed-ailing-wwii-army-air-forces-personnel/
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Anatomy of an Aquaponics System
L E S S O N  0 2

Time to Complete
45–90 MINUTES

(Depending on how long students spend 
creating a 2D drawing of their system).

PREPARATION

Prerequisite Knowledge
Abiotic/Biotic
(However, this lesson could incorporate 
the definition of abiotic/biotic factors 
and serve as the introduction to these 
concepts.) 

Vocabulary
Aerator/airstone
Biofilter
Closed-loop system
Dechlorinate
Deep water culture
Fish tank
Grow bed
Water cycle
Water pump

 Learning Objectives:

	Î Students will create a 2D drawing of an aquaponics system and 
define the role of each of its components. 

	Î Students will identify the components of their onsite aquaponics 
system and explain the function of each of the components. 

	Î Students will be able to identify the abiotic and biotic factors in 
their system. 

 NGSS Alignment

HS-LS2-4. Use mathematical representations to support claims 
for the cycling of matter and flow of energy among 
organisms in an ecosystem.

 Prep Work

	☐ Print copies of the worksheet for students. 

	☐ Worksheet: Getting to Know Your Aquaponics System

	☐ Answer key at the end of this lesson plan

	☐ Gather rulers and yardsticks for student use.

	☐ Print the Anatomy of an Aquaponics System quiz if you choose 
to use it as an additional assessment tool at the end of this 
lesson.

Lesson Overview

1.	 Take students to the aquaponics system. Allow them at least 20-
30 minutes to explore and create a 2D drawing (model). Bring 
rulers and yardsticks if you want students to include approxi-
mate dimensions in their drawings. As indicated in the student 
worksheet, complete accuracy is not necessary. The goal of this 
activity is for students to get to know the different parts of the 
system, follow the flow of the water, and think critically about the 
flow of energy through the system and the role of each of the 
components. 

2.	 Once students have completed their 2D drawings (models), 
return to the classroom and use the accompanying slide deck to 
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review and discuss student responses to the rest of the questions on the worksheet. Have students label 
each part of the aquaponics system on their 2D drawing after the terms and functions are discussed.

3.	 Give students 3-5 minutes to fill in the table on page 2 of their worksheet. This can be done as an individual 
or group activity.

4.	 As an additional assessment tool, administer the Anatomy of an Aquaponics System quiz at the end of 
Lesson 2 or before beginning Lesson 3.

Additional Resources

	• IISG’s Students Ask Scientists: Video Chats: https://iiseagrant.org/education/students-ask-scientists

https://iiseagrant.org/education/students-ask-scientists
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ANSWER SHEET

Aquaponics: Farming 
Fish, Growing Greens

L E S S O N  0 2 
Anatomy of an Aquaponics System

Getting to Know Your Aquaponics System

Name 						      Date 		  Class Period 	

Instructions: Make a 2D drawing of your aquaponics system. Use arrows to show the flow of energy 
and matter through the system and provide explanations of the flow as needed to support your 
design. Be sure to indicate the flow of the water as well. For bonus points, include numbers and 
units (kcal/joules) of energy to illustrate the flow of energy through the system. The numbers can be 
made up.  
 
Include: Fish tank, Grow light, Biofilter, Water Pipes, Grow bed, Water pump, Airstone, Water heater

Be prepared to explain why there are more plants in an aquaponic system in terms of biomass 
compared to fish.

Artwork courtesy of Huntington North High School

When fish consume fish feed, they use some of the nutrients for energy and excrete 
what they do not use. Their waste feeds bacteria and plants. The energy that 
enters the system when fish are fed supports more plants than fish.
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10	 Aquaponics: Farming Fish, Growing Greens - Lesson 02: Anatomy of an Aquaponic System

ANSWER SHEET

Name 						      Date 		  Class Period 	

1.	 Explain how each component below contributes to the function of the entire system. 
 

Fish  
tank

tank where fish live Grow 
bed

space for plants to grow, 
fish tank water flows 
through the grow bed

Grow 
light

light used to power plant      
photosynthesis

Water 
pump

mechanical pump that drives 
water up against gravity 
to cycle through aquaponic 
system

Biofilter filters out sediment and has 
lots of surfaces for bacteria 
to grow on (not necessary if 
using media in grow bed)

Air-
stone

connected to pump that adds 
oxygen to the water, which 
keeps the fish and plants 
healthy

Water 
Pipes

piping that transports 
water throughout the 
system

Water 
heater

heats water to keep fish at 
healthy temperature (may 
not be necessary)

2.	 Using the terms above in #1, label each component of the system on your drawing.

3.	 Which components above are abiotic and which are biotic? 
 

Abiotic Fish tank, grow beds, water pump, grow light, water (nutrients in water, 
like nitrogen compounds), airstone - oxygen levels, temperature, pH, humidity, 
air quality.

Biotic Fish, plants
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ANSWER SHEET

Name 						      Date 		  Class Period 	

4.	 What inputs are needed to run an aquaponics system? List everything you can think of.   

	° Power for lights, air pump, water pump, water heater 

	° Fish food

	° Water (initial tank fill and when water levels drop— very little compared to 
traditional agriculture) 

	° Seedlings

	° Indoor space for the system

	° Maintenance 

5.	 What outputs are generated by an aquaponics system?

	° Fresh, locally sourced vegetables 

	° Fresh, locally sourced fish (if you want to harvest them) 

6.	 Make a prediction about what will likely happen to the water level in your system over time. 
What evidence do you have that would support your prediction?

As shown in the diagram, the water is in a closed cycle, meaning it flows in a 
continuous loop through the system. However, water levels slowly drop due to 
evaporation as well as consumption by plants, and you will eventually need to add 
water.      

7.	 How could an aquaponics system be incorporated into your school? What could students learn 
from the system? 

It could provide understanding about plant life cycles and their structure, gardening, 
issues affecting ecosystems, nutrition and how to use recycled materials related to 
sciences and sustainable farming.

8.	 How can aquaponics improve current farming methods?

It uses a closed-loop system, conserves water, and offers a sustainable way of 
producing fish and vegetables.
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12	 Aquaponics: Farming Fish, Growing Greens - Lesson 02: Anatomy of an Aquaponic System

ANSWER SHEET

Aquaponics: Farming 
Fish, Growing Greens

L E S S O N  0 2 
Anatomy of an Aquaponics System

Quiz: Anatomy of an Aquaponics System

Name 						      Date 		  Class Period 	

Instructions: Match the term with the correct definition. Write the number of the definition that 
matches with the term on the blank line to the right of the term.

A.	 Aquaponics 08 01.	 space for plants to grow

B.	 Aquaculture 04 02.	 device used to heat water

C.	 Hydroponics 06 03.	 tank where fish live

D.	 Fish Tank	  03 04.	 farming in water

E.	 Grow lights	  07 05.	 mechanical pump that moves water

F.	 Biofilter 10 06.	 the process of growing plants without 
soil

G.	 Water pipes 11 07.	 light used to grow plants

H.	 Grow bed 01 08.	 farming method that combines 
aquaculture with hydroponics

I.	 Water pump 05 09.	 something that allows air to be blown 
through it to produce bubbles                                                        

J.	 Airstone 09 10.	 any type of filter where bacteria is   
attached to media

K.	 Water heater 02 11.	 pipes used that transport water
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Aquaponics: Farming 
Fish, Growing Greens

L E S S O N  0 2 
Anatomy of an Aquaponics System

Getting to Know Your Aquaponics System

Name 						      Date 		  Class Period 	

Instructions: Make a 2D drawing of your aquaponics system. Use arrows to show the flow of energy 
and matter through the system and provide explanations of the flow as needed to support your 
design. Be sure to indicate the flow of the water as well. For bonus points, include numbers and 
units (kcal/joules) of energy to illustrate the flow of energy through the system. The numbers can be 
made up.  
 
Include: Fish tank, Grow light, Biofilter, Water Pipes, Grow bed, Water pump, Airstone, Water heater

Be prepared to explain why there are more plants in an aquaponic system in terms of biomass 
compared to fish.
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Name 						      Date 		  Class Period 	

1.	 Explain how each component below contributes to the function of the entire system. 
 

Fish  
tank

Grow 
bed

Grow 
light

Water 
pump

Biofilter Air-
stone

Water 
Pipes

Water 
heater

2.	 Using the terms above in #1, label each component of the system on your drawing.

3.	 Which components above are abiotic and which are biotic? 
 

Abiotic

Biotic
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Name 						      Date 		  Class Period 	

4.	 What inputs are needed to run an aquaponics system? List everything you can think of.   

 
 
  
 
 
 
 

5.	 What outputs are generated by an aquaponics system?

 
 

6.	 Make a prediction about what will likely happen to the water level in your system over time. 
What evidence do you have that would support your prediction?

  
  
  

7.	 How could an aquaponics system be incorporated into your school? What could students learn 
from the system? 

 
 

8.	 How can aquaponics improve current farming methods?
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Aquaponics: Farming 
Fish, Growing Greens

L E S S O N  0 2 
Anatomy of an Aquaponics System

Quiz: Anatomy of an Aquaponics System

Name 						      Date 		  Class Period 	

Instructions: Match the term with the correct definition. Write the number of the definition that 
matches with the term on the blank line to the right of the term.

A.	 Aquaponics 01.	 space for plants to grow

B.	 Aquaculture 02.	 device used to heat water

C.	 Hydroponics 03.	 tank where fish live

D.	 Fish Tank	 04.	 farming in water

E.	 Grow lights	  05.	 mechanical pump that moves water

F.	 Biofilter 06.	 the process of growing plants 
without soil

G.	 Water pipes 07.	 light used to grow plants

H.	 Grow bed 08.	 farming method that combines 
aquaculture with hydroponics

I.	 Water pump 09.	 something that allows air to be blown 
through it to produce bubbles                                                        

J.	 Airstone 10.	 any type of filter where bacteria is   
attached to media

K.	 Water heater 11.	 pipes used that transport water
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Introduction to the Nitrogen Cycle 
L E S S O N  0 3

Time to Complete
45 MINUTES

PREPARATION

Prerequisite Knowledge
Introductory knowledge  
of bacteria 
(useful but not necessary)

Introductory knowledge  
of molecular structure

Vocabulary
Aerobic
Ammonia
Assimilation
Bacteria
Denitrification
Fixation
Nitrate
Nitrification
Nitrite
Nitrobacter
Nitrogen
Nitrosomonas
Ubiquitous

 Learning Objectives:

	Î Students will use a model of the global nitrogen cycle to explain 
how not all molecules are biologically available and that organ-
isms are designed to process certain molecules.  

	Î Students will use a model of the global nitrogen cycle to deter-
mine the flow of nitrogen through organisms and the specific 
nitrogen molecules involved.  

	Î Students will use the pattern of cycling in the global nitrogen 
cycle to construct a model of how nitrogen is cycled through 
the aquaponics system. 

	Î Students will use the model of nitrogen cycling in the aquapon-
ics system to explain how sustainable systems use waste as a 
resource to recycle material through the system. 

 NGSS Alignment

HS-LS2-4. Use mathematical representations to support claims 
for the cycling of matter and flow of energy among 
organisms in an ecosystem.

 Prep Work

	☐ Print copies of the worksheet for students. 

	☐ Worksheet: The Nitrogen Cycle

	☐ Answer key at the end of this lesson plan

	☐ Decide in advance if you want to include the Connection to 
Chemistry, Chemistry Crossover slides 8 and 9 of the slide deck.

Lesson Overview

1.	 Begin slide deck. Start the lesson by playing the first 2 minutes 
and 24 seconds of the USDA-ARS video What is the Nitrogen 
Cycle? in slide 4 notes, also found here: https://www.youtube.com/
watch?v=xN_c5pr87Ok. 

2.	 When you reach slide 12, which introduces the global nitrogen 
cycle, hand out worksheets. Allow the students time to complete 
them either in groups or individually, then resume the presenta-

https://www.youtube.com/watch?v=xN_c5pr87Ok
https://www.youtube.com/watch?v=xN_c5pr87Ok
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tion, getting answers from students as you proceed through slide 20.  

3.	 The second half of the slide deck is a formal lecture on the nitrogen cycle that takes place in the aqua-
ponics system. There is an optional video link provided in the notes on slide 18 to explain the Haber-
Bosch process. Links to supplement resources can be found below. 

4.	 The final four worksheet questions are there to get your students to think critically about the importance 
of nitrogen and how nitrogen cycling is similar and different when comparing aquaponics to traditional ag-
ricultural practices. If time allows, use the last four questions to spark discussion after students have time 
to think about the answers on their own.

Additional Resources

	• What is the Nitrogen Cycle? (PPT slide 04): https://www.youtube.com/watch?v=xN_c5pr87Ok

	• Haber-Bosch Process (PPT slide 18): https://www.youtube.com/watch?v=c4BmmcuXMu8

	• Nitrogen Transformation in Aquaponics System, includes balanced chemical equations for advanced 
students (PPT slide 28): https://www2.hawaii.edu/~khanal/aquaponics/nitrogen.html

https://www.youtube.com/watch?v=xN_c5pr87Ok
https://www.youtube.com/watch?v=c4BmmcuXMu8
https://www2.hawaii.edu/~khanal/aquaponics/nitrogen.html
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ANSWER SHEET

Aquaponics: Farming 
Fish, Growing Greens

L E S S O N  0 3 
Introduction to the Nitrogen Cycle

The Nitrogen Cycle

Name 						      Date 		  Class Period 	

Instructions: Study the model of the nitrogen cycle.

NO -

Amino Acids

NO -NONH

NH +

CO

N 
Biomass

ANAMMOX

N assimilation NO

(Anaerobic Ammonium Oxidation)(Anaerobic Ammonium Oxidation)(Anaerobic Ammonium Oxidation)
NH NH +

N

Leaching

N O

Industrial N Fixation

(Chemical Fertilizer)

Organic Decomposition

Sunlight

Eutrophication

N

NO -

NO -

Figure courtesy Illinois-Indiana Sea Grant

1.	 What are all the organisms involved in the nitrogen cycle?

Bacteria, plants, animals

2.	 On the model, mark how many times bacteria is involved (many different species of bacteria are 
involved in these processes). How many instances did you find?

Bacteria is involved 4 times.
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22	 Aquaponics: Farming Fish, Growing Greens - Lesson 03: Introduction to the Nitrogen Cycle 

ANSWER SHEET

Name 						      Date 		  Class Period 	

3.	 Starting at the top of the model with N2, pick one of the outgoing arrows and describe in 
full sentences how that N2 is cycled. Include the new chemical species and the organism 
responsible for the change. You are finished when you return to N2. (For example, N2 is 
converted into fertilizer, NH3, through an industrial process.)

There are a number of answers possible. Student’s answers should start by 
describing how atmospheric nitrogen (N2) is converted to ammonia by the process of 
either industrial or biological nitrogen fixation and end back at N2. 

4.	 Find and write down all the nitrogen molecules involved in the above model of the nitrogen 
cycle. (N=nitrogen, C=carbon, O=oxygen, H=hydrogen, S=sulfur, P=phosphorous)

	° Nitrogen – N2

	° Ammonia/ammonium – NH3  /  NH4+

	° Nitrite – NO2-

	° Nitrate – NO3-

	° Nitric oxide – NO

	° Hydroxylamine – NH2OH

	° Nitrous oxide – N2O

5.	 Make a claim about whether a chemical or physical change is occurring in the nitrogen cycle 
model. What is your evidence and reasoning to support your claim?

Chemical change is taking place. 

6.	 Seeing the cycle through the lens of energy and matter, make a claim about whether nitrogen is 
ever created or destroyed in the cycle. What is your evidence and reasoning to support your claim? 

No, it is never created nor destroyed. Conservation of mass is always at play! 

7.	 Humans aren’t explicitly in this figure, but their presence is implied. Explain how humans are 
involved in the global nitrogen cycle.    

Agriculture, fertilizer, livestock — could get more abstract here and hypothesize 
that because humans are impacting climate, we will inevitably have an effect on the 
entire system. 
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ANSWER SHEET

Name 						      Date 		  Class Period 	

8.	 Why is nitrogen so important for living things?

Nitrogen is a key element in the nucleic acids DNA and RNA, which are the most 
important of all biological molecules and crucial for all living things. 

9.	 Explain how the nitrogen cycle in the aquaponics system is similar to the global nitrogen cycle.

The aquaponics nitrogen cycle is a subset of the global nitrogen cycle. 

10.	 Based on the aquaponics nitrogen cycle, how do nitrogen and other nutrients enter the 
aquaponics ecosystem over a given amount of time? Include the phrase “nutrient loading” in 
your answer. Nutrient loading is the amount of nutrients that enter an ecosystem over a given 
period of time.

Nutrient loading occurs in aquaponics when fish feed is added to the system. Fish are 
fed daily, allowing for nitrogen and other nutrients to be continually loaded into the 
system. 

11.	 Thinking about traditional agriculture, which often uses chemical fertilizers, how is this different 
from aquaponics?

In aquaponics, the fertilizer for the plants is the nitrogenous waste from fish. 
Chemical fertilizers are not needed or used.
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LESSON WORKSHEETS
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Aquaponics: Farming 
Fish, Growing Greens

L E S S O N  0 3 
Introduction to the Nitrogen Cycle

The Nitrogen Cycle

Name 						      Date 		  Class Period 	

Instructions: Study the model of the nitrogen cycle.

NO -

Amino Acids

NO -NONH

NH +

CO

N 
Biomass

ANAMMOX

N assimilation NO

(Anaerobic Ammonium Oxidation)(Anaerobic Ammonium Oxidation)(Anaerobic Ammonium Oxidation)
NH NH +

N

Leaching

N O

Industrial N Fixation

(Chemical Fertilizer)

Organic Decomposition

Sunlight

Eutrophication

N

NO -

NO -

Figure courtesy Illinois-Indiana Sea Grant

1.	 What are all the organisms involved in the nitrogen cycle?

 

2.	 On the model, mark how many times bacteria is involved (many different species of bacteria are 
involved in these processes). How many instances did you find?
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26	 Aquaponics: Farming Fish, Growing Greens - Lesson 03: Introduction to the Nitrogen Cycle 

Name 						      Date 		  Class Period 	

3.	 Starting at the top of the model with N2, pick one of the outgoing arrows and describe in 
full sentences how that N2 is cycled. Include the new chemical species and the organism 
responsible for the change. You are finished when you return to N2. (For example, N2 is 
converted into fertilizer, NH3, through an industrial process.)

  
 
 

4.	 Find and write down all the nitrogen molecules involved in the above model of the nitrogen 
cycle. (N=nitrogen, C=carbon, O=oxygen, H=hydrogen, S=sulfur, P=phosphorous)

 
 
 
 
 
 
 
 
 

5.	 Make a claim about whether a chemical or physical change is occurring in the nitrogen cycle 
model. What is your evidence and reasoning to support your claim?

  

6.	 Seeing the cycle through the lens of energy and matter, make a claim about whether nitrogen is 
ever created or destroyed in the cycle. What is your evidence and reasoning to support your claim? 

 
 

7.	 Humans aren’t explicitly in this figure, but their presence is implied. Explain how humans are 
involved in the global nitrogen cycle.    
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Name 						      Date 		  Class Period 	

8.	 Why is nitrogen so important for living things?

  
 

9.	 Explain how the nitrogen cycle in the aquaponics system is similar to the global nitrogen cycle.

  

10.	 Based on the aquaponics nitrogen cycle, how do nitrogen and other nutrients enter the 
aquaponics ecosystem over a given amount of time? Include the phrase “nutrient loading” in 
your answer. Nutrient loading is the amount of nutrients that enter an ecosystem over a given 
period of time.

  
 
 

11.	 Thinking about traditional agriculture, which often uses chemical fertilizers, how is this different 
from aquaponics?
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L E S S O N  0 4

Measuring Nitrogen Levels  
in Your System  

Time to Complete
1–3 CLASS PERIODS

(Depending on how long is spent on  
water testing).

PREPARATION

Prerequisite Knowledge
Familiar with conversion 
calculations  
(useful but not necessary)

Introductory knowledge 
of molecular structure and 
Avogadro’s number

Vocabulary
Concentration
Dissolved oxygen (DO)
Homogeneous
Intensive property 
Molarity 
Molecular weight 
Parts per million (ppm)
pH 
Toxicity

 Learning Objectives:

	Î Students will test the water in the aquaponics system for pH, 
temperature, and concentrations of ammonia, nitrite, nitrate, 
and dissolved oxygen (DO). 

	Î Students will perform calculations to convert between ppm and 
molarity.  

	Î Students will compare their measurements and calculations to 
the levels that create toxicity — and the concentrations at which 
certain molecules/elements are toxic — to ensure that their 
aquaponics system concentrations remain at healthy levels.   

 NGSS Alignment

HS-LS2-4. Use mathematical representations to support claims 
for the cycling of matter and flow of energy among 
organisms in an ecosystem.

 Prep Work

	☐ Print copies of the worksheet for students. 

	☐ Worksheet: Calculating and Converting Concentrations

	☐ Answer key at the end of this lesson plan

	☐ Print copies of the Know Your H2O Quick Reference Guide 
for Testing Water Quality if you have decided to use it as a 
supplemental resource.

	☐ Decide in advance if you want to use the optional writing 
assignment The Journey of Nitrogen Through Your Aquaponics 
Systems to get your students’ creative thinking juices flowing 
and to reinforce concepts learned in Lessons 3 and 4. If you 
decide to use it, print out the assignment in advance.

Lesson Overview

1.	 Hand out the worksheet Calculating and Converting Concen-
trations before you start the lesson. Talk through the slide deck, 
pausing to allow students time to do calculations. (If you don’t 
want to focus so heavily on concentration measurements, omit the 
worksheet and cover the calculations solely in the presentation.)  
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2.	 Once finished with the slide deck, move on to learning how to perform the water tests. This can often be 
a logistical challenge with so many students and, usually, too few water testing kits. We recommend two 
options for water testing:

a.	 demonstrating the testing process for the whole class yourself with the students writing down 
instructions to keep them engaged, or 

b.	 creating “expert” groups for each test. In this second option, group students by test (ammonia, 
nitrite, nitrate, and pH) and have them learn that specific test. 
 
Testing equipment and supplies can be borrowed from Illinois-Indiana Sea Grant through the 
Know Your H2O loan program (https://iiseagrant.org/education/loanable-kits/). Dissolved oxygen meters, 
pH pens, and water chemistry testing kits can be purchased online from distributors or directly 
from the manufacturers. Test kits can also be purchased from pet supply stores that have an 
aquarium section.

3.	 It is often interesting for students to test their tap water in addition to their system water to confirm the 
safety of their own drinking water. 

4.	 Once testing is complete, have students share the results with the class. Moving forward, for future 
testing, these students will be the “experts” on those tests.

5.	 Important Notes:

a.	 Read water testing instructions carefully and stress to your students that following them exactly 
is critical—particularly, shaking the solutions and timing.  

b.	 For water testing after Lesson 4: If possible, the proper approach to monitoring nitrogen levels in 
your system is to test weekly once the nitrogen cycle is complete. Testing more frequently when 
starting your system, and graphing the results, is a good way to reinforce concepts learned in 
Lesson 3. 
 
Once students have learned how to test, create a routine where different groups of students 
test the water weekly. For example, a group of students tests the water levels every Monday. It 
might be best for you to collect the water and have it in your classroom if you don’t want stu-
dents walking down to the system by themselves. If you created “experts” in the water testing 
lesson, combine them to create weekly groups that include one or more “experts” for each test. 
Once finished testing, the students can add their values to the record sheet and present their 
results to the class, discussing any significant changes and the overall health of the system. This 
is also a good time to check the water level and top up if necessary. 

6.	 If you have decided to use the optional writing assignment to get your students’ creative thinking juices 
flowing and to reinforce concepts learned in Lesson 3 and 4, hand out the assignment The Journey of 
Nitrogen Through Your Aquaponics Systems to complete in class or as homework. 

Additional Resources

	• Know You H2O water quality test kit loan program: https://iiseagrant.org/education/loanable-kits/

	• Know Your H2O Quick Reference Guide for Testing Water Quality: https://iiseagrant.org/wp-content/
uploads/2024/10/Know-Your-H2O-Quickstart-Guide-11.pdf

	• Important Water Quality Parameters in Aquaponics Systems: https://pubs.nmsu.edu/_circulars/CR680/

mailto:https://iiseagrant.org/education/loanable-kits/?subject=
https://iiseagrant.org/education/loanable-kits/
https://iiseagrant.org/education/loanable-kits/
https://iiseagrant.org/wp-content/uploads/2024/10/Know-Your-H2O-Quickstart-Guide-11.pdf
https://iiseagrant.org/wp-content/uploads/2024/10/Know-Your-H2O-Quickstart-Guide-11.pdf
https://pubs.nmsu.edu/_circulars/CR680/
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ANSWER SHEET

Aquaponics: Farming 
Fish, Growing Greens

L E S S O N  0 4 
Measuring Nitrogen Levels in Your System

Calculating and Converting Concentrations

Name 						      Date 		  Class Period 	

Instructions: Answer the questions below. Write down all steps in your calculation. Circle your 
answers. Don’t forget to include units.

ppm= mass of solute ×1,000,000
mass of solution

1.	 A 12 oz can of Coke contains 39 grams of sugar. What is the concentration of sugar in Coke in 
ppm? 12 oz of Coke is 369 grams.

39g sugar
×1,000,000 = 105,691ppm369g solution

2.	 How many nitrite molecules are in a 10-gallon tank if the concentration is 1 ppm?  To answer this 
question, you will need to use all the equivalencies provided: 
 
1mL of aquarium water = 0.00026 gallons aquarium water 
1mol of nitrite = 6.022×1023 molecules of nitrite 
 
Work to cancel out the units until you’re left with molecules of nitrite (it will be a big number).  
Here’s the first step:

1 ppm=
1g nitrite

×
1g aquarium water

=
1g nitrite

1,000,000g aquarium water 1 mL aquarium water 1,000,000 mL aquarium water

1mL of aquarium water = 0.00026 gallons aquarium water 
46g nitrite = 1mol of nitrite, 1 mol of nitrite = 6.022 × 1023 molecules of nitrite

1g nitrite
×

1mL aquarium water
 × 10 gallons = 0.38g nitrite1,000,000mL aquarium water 0.00026 gallons aquarium water

0.038g nitrite ×
1 mol

× 6.022 × 1023 molecules of nitrite  = 4.97 × 1020 molecules of nitrite46g nitrite 1 mol
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ANSWER SHEET

Name 						      Date 		  Class Period 	

3.	 Once you have measured the nitrate concentration, estimate the total number of nitrate 
molecules in your system. If not already known, you will need to approximate the total water 
volume in your system. 

Answers will vary based on nitrate test results. Calculations will be similar to those in 
question 2 except: 
62 grams nitrate = 1 mol nitrate 
1 mol of nitrate = 6.022 × 1023 molecules of nitrate.

4.	 Based on your measurements and calculations of nitrite and nitrate, what do you know about the 
nitrogen cycle in your systems?

Answers will vary based on measurements and calculations. Answers should indicate 
that students understand that nitrite and nitrate in the water is evidence for 
nitrification.

5.	 Are the levels of ammonia safe for your fish?

0–0.9 ppm of ammonia—Yes, safe 
≥ 1 ppm of ammonia—No, not safe

6.	 Are the levels of nitrite safe for your fish? 

0–0.9 ppm of nitrite—Yes, safe 
≥ 1 ppm of nitrite—No, not safe

7.	 Are the levels of nitrate safe for your fish?

0–50 ppm of nitrate—Yes, safe 
≥ 50 ppm of nitrate—No, not safe
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ANSWER SHEET

Aquaponics: Farming 
Fish, Growing Greens

L E S S O N  0 4 
Measuring Nitrogen Levels in Your System

The Journey of Nitrogen through Your Aquaponics Systems

Name 						      Date 		  Class Period 	

Instructions: Answer the questions below:

1.	 Imagine that you are a nitrogen molecule in the aquaponics system at your school. Write a short story 
about the journey you take as you travel through the system and the nitrogen cycle. Have fun with it! 
 
Include the following terms in your story:

	☐ Nitrogen 	☐ Bacteria 	☐ Fixation 	☐ Fertilizer

	☐ Nitrite 	☐ Nitrate

 
Each student’s story will be different.
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LESSON WORKSHEETS
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Aquaponics: Farming 
Fish, Growing Greens

L E S S O N  0 4 
Measuring Nitrogen Levels in Your System

Calculating and Converting Concentrations

Name 						      Date 		  Class Period 	

Instructions: Answer the questions below. Write down all steps in your calculation. Circle your 
answers. Don’t forget to include units.

1 ppm= mass of solute ×1,000,000
mass of solution

1.	 A 12 oz can of Coke contains 39 grams of sugar. What is the concentration of sugar in Coke in 
ppm? 12 oz of Coke is 369 grams.

2.	 How many nitrite molecules are in a 10-gallon tank if the concentration is 1 ppm?  To answer this 
question, you will need to use all the equivalencies provided: 
 
1mL of aquarium water = 0.00026 gallons aquarium water 
1mol of nitrite = 6.022×1023 molecules of nitrite 
 
Work to cancel out the units until you’re left with molecules of nitrite (it will be a big number).  
Here’s the first step:

1 ppm=
1g nitrite

×
1g aquarium water

=
1g nitrite

1,000,000g aquarium water 1 mL aquarium water 1,000,000 mL aquarium water
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Name 						      Date 		  Class Period 	

3.	 Once you have measured the nitrate concentration, estimate the total number of nitrate 
molecules in your system. If not already known, you will need to approximate the total water 
volume in your system. 

  
 
 

4.	 Based on your measurements and calculations of nitrite and nitrate, what do you know about the 
nitrogen cycle in your systems?

 
 

5.	 Are the levels of ammonia safe for your fish?

 
 

6.	 Are the levels of nitrite safe for your fish? 

 
   

7.	 Are the levels of nitrate safe for your fish?
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Aquaponics: Farming 
Fish, Growing Greens

L E S S O N  0 4 
Measuring Nitrogen Levels in Your System

The Journey of Nitrogen through Your Aquaponics Systems

Name 						      Date 		  Class Period 	

Instructions: Answer the questions below:

1.	 Imagine that you are a nitrogen molecule in the aquaponics system at your school. Write a short story 
about the journey you take as you travel through the system and the nitrogen cycle. Have fun with it! 
 
Include the following terms in your story:

	☐ Nitrogen 	☐ Bacteria 	☐ Fixation 	☐ Fertilizer

	☐ Nitrite 	☐ Nitrate
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L E S S O N  0 5

Nitrogen Cycle & Population Dynamics

Time to Complete
90 MINUTES

PREPARATION

Prerequisite Knowledge
The slide deck has a basic 
introduction to population 
dynamics. It may need to 
be supplemented.

Vocabulary
Carrying capacity
Equilibrium
Exponential growth
Limiting factors
Logistic growth
Population dynamics

 Learning Objectives:

	Î Students will apply population dynamics to different organisms.  

	Î Students will calculate exponential growth, limiting factors, 
carrying capacity, logistic growth, and equilibrium by modeling 
the population of bacteria in their aquaponics system.

	Î Students will calculate how changes in temperature and pH 
would impact the growth curve of a bacteria colony in their 
aquaponics system. 

	Î Students will explain how changes to the bacteria population 
would impact the nitrogen cycle.  

 NGSS Alignment

HS-LS2-2. Use mathematical representations to support and 
revise explanations based on evidence about factors 
affecting biodiversity and populations in ecosystems 
of different scales.

 Prep Work

	☐ Print copies of the worksheet for students.

	☐ Worksheet: Population Dynamics of Nitrosomonas in a 
NEW Aquaponics System

	☐ Answer key at the end of this lesson plan

	☐ Decide in advance if you want to create your own cycling data 
for the last two pages of the worksheet Population Dynamics 
of Nitrosomonas in a NEW Aquaponics System. If you choose 
to do this optional activity, you will need a small fishbowl and 
ammonium chloride solution (fishless cycling) OR one goldfish 
and fish food, along with gravel or bioballs and an airstone. You 
may also want to use water and bioballs from your established 
system.

Lesson Overview

1.	 The slide deck begins with figures illustrating the population 
dynamics in the United States and Indiana. The goal is for 
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students to (a) interpret the trends in the graphs and (b) gain an appreciation for why population dynamics 
is an important area of research. Encourage them to brainstorm why it’s important to predict how the 
population changes by age on slide 5. These metrics directly impact the size of the labor force, how 
many schools will be required, predictions for the birth rate, and ultimately, how resources (money) will be 
allocated. They should develop an understanding that modeling the state population by different metrics 
(age, location, etc.) is relevant to their lives.

2.	 The slide deck then moves into a basic approach to understanding population dynamics.  This culminates 
in assessing the carrying capacity of fish within the system, which is very simple but will be a good exer-
cise to prepare them for the worksheet.

3.	 Pass out the worksheet and leave the final slide showing the aquaponics nitrogen cycle up for reference.  

4.	 Optional Activity: 
Time permitting, you could create your own cycling data for the last two pages of the worksheet. This 
could be done with a small fishbowl and ammonium chloride solution for a fishless cycling or with a 
goldfish and some fish food, along with gravel or bioballs for bacteria growth, and an airstone. The 
process can be expedited by using water or bioballs from your established system to quickly introduce 
Nitrosomonas and Nitrobacter into the system. This would require measuring nitrogen levels every 
2-3 days for a few weeks, giving students plenty of practice taking measurements. This data-gathering 
and real-time analysis creates a more genuine experience for students but is also time-consuming and 
potentially costly. 
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ANSWER SHEET

Aquaponics: Farming 
Fish, Growing Greens

L E S S O N  0 5 
Nitrogen Cycle & Population Dynamics

Population Dynamics of Nitrosomonas in a NEW Aquaponics System

Name 						      Date 		  Class Period 	

Instructions: Imagine that 100 Nitrosomonas bacteria find their way to your new aquaponics system, 
settle, and begin to reproduce all at the same time via binary fission every seven hours.  Plot their 
population growth for their first 42 hours in the tank. Assume that they have all the resources they 
need to continue producing at the same rate. Make sure to label your axes.

1.	 Determine and Plot Nitrosomonas Population Growth:

Hour Nitrosomonas Population

0 100

7 200

14 400

21 800

28 1600

35 3200

42 6400

Hours

N
itr

os
om

on
as

 P
op

ul
at

io
n

2.	 You have just drawn an exponential growth curve. Would you expect Nitrosomonas to continue 
reproducing at the same rate forever in the aquaponics system? What are the limiting factors for 
the population size of Nitrosomonas?  

No. The bacteria will eventually be limited by the amount of ammonia in the system 
produced by the fish. Appropriate space for growth could potentially be a limiting 
factor as well. 
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42	 Aquaponics: Farming Fish, Growing Greens - Lesson 05: Nitrogen Cycle & Population Dynamics

ANSWER SHEET

Name 						      Date 		  Class Period 	

3.	 What assumptions are we making about the population dynamics of the Nitrosomonas 
population?  Which contributions are we ignoring?  (Consider I, E, B, and D)

In our current model, we are ignoring new immigration, emigration, and any deaths.  
We are assuming that the initial immigration and subsequent binary fission (births) 
are the only contributors to changes in the Nitrosomonas population.  

4.	 Now, based on the limiting factors you’ve named for the Nitrosomonas population, assume that 
the carrying capacity for the system is 5,000 bacteria. (These numbers are arbitrary and just used 
to illustrate the concepts). Draw and label the carrying capacity on your graph and add a line to 
show how the growth curve would change–this is an S-shaped curve.

5.	 If more fish were added to the system, how would you expect that to impact the carrying capacity 
for Nitrosomonas in the system?  

We would expect the carrying capacity to increase if more fish were added because 
more ammonia would be produced, which is a necessary resource for the Nitrosomonas 
bacteria and was previously a limiting factor.

Alternatively, if there was not enough space for the bacteria population to 
continue growing, we would expect the carrying capacity to stay the same and the 
concentration of ammonia to rise in the system. 

6.	 Imagine the heat in the school shut down and the temperature dropped right when you started 
a new aquaponics system. The optimal temperature for bacteria growth is between 77-86 F and 
the temperature is now 70 F. Which graph do you think best represents how this temperature 
change would impact the population growth of Nitrosomonas? Explain your reasoning.  

The second graph best represents how a temperature change would impact the 
population growth of Nitrosomonas.

AA BB CC
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ANSWER SHEET

Name 						      Date 		  Class Period 	

7.	 Now, we will consider all the nitrogen levels as a new aquaponics system is started. The 
process of starting a fish tank is called “cycling” and begins by adding an ammonia source to 
your system, either from live fish or by manually adding ammonia (it can be dangerous to cycle 
with fish because of the high levels of ammonia and nitrite reached during the process.) Again, 
while we are not directly measuring the population of bacteria in the system, by measuring the 
concentration of ammonia, nitrite, and nitrate, we can draw conclusions about their arrival and 
population growth.
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8.	 Using the graph, write a CER (claim, evidence, reasoning) for when Nitrosomonas and 
Nitrobacter arrived and colonized the system.  

Nitrosomonas Arrival
Claim:  
Nitrosomonas arrived in the system around day 11.  
 
Evidence: 

	° The ammonia concentration begins to drop around day 11. 

	° The nitrite concentration begins to rise around day 11.  

Reasoning:  
For the ammonia concentration to decrease, Nitrosomonas must have established in 
the system because no other organism in the system consumes ammonia.  Similarly, for 
the nitrite concentration to increase, Nitrosomonas must be in the system as it is the 
only organism to produce it.
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ANSWER SHEET

Name 						      Date 		  Class Period 	

Nitrobacter Arrival
Claim:  
Nitrobacter arrived in the system around day 20. 
 
Evidence: 

The nitrate concentration in the system begins to increase on day 20.
 
Reasoning: 

Nitrobacter is the only organism that produces nitrate, so it must be in the system around 
day 20, even though the nitrite concentration doesn’t start to decrease until day 25. 
 
9.	 What happened around day 40?  What made the nitrate levels drop in the aquaponics system?

Plants were likely introduced to the system on day 40.  

10.	 Your aquaponic system should (hopefully) have a low or zero concentration of ammonia and 
nitrite. Does this mean that there is never any ammonia or nitrite in the system? Explain what’s 
happening using the word equilibrium, which means when two opposing forces are balanced. 

No. Ammonia and nitrite are being created in the system but are immediately consumed 
by the Nitrosomonas and Nitrobacter. In other words, the populations of fish, 
Nitrosomonas and Nitrobacter are in equilibrium because the bacteria populations can 
immediately consume the ammonia and nitrite generated. 

11.	 If you measured non-zero concentrations of ammonia or nitrite, what might be going wrong with 
your system? 

Ultimately, the problem is that the bacteria populations are inadequate for the 
amount of ammonia or nitrite being produced.  This could be caused by an increase in 
the amount of ammonia/nitrite produced (more fish were added or fish are being over-
fed) or it could be because something (temperature/pH/space) changed in the system 
that reduced the population of bacteria.

12.	 When will we be able to tell if our system start-up worked?

When the system is at equilibrium. We will know it worked and our system is ready for 
production when we feed the fish the same amount of feed each day and the ammonia 
and nitrite are at 0 ppm and the nitrates are not building or declining.
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Aquaponics: Farming 
Fish, Growing Greens

L E S S O N  0 5 
Nitrogen Cycle & Population Dynamics

Population Dynamics of Nitrosomonas in a NEW Aquaponics System

Name 						      Date 		  Class Period 	

Instructions: Imagine that 100 Nitrosomonas bacteria find their way to your new aquaponics system, 
settle, and begin to reproduce all at the same time via binary fission every seven hours.  Plot their 
population growth for their first 42 hours in the tank. Assume that they have all the resources they 
need to continue producing at the same rate. Make sure to label your axes.

1.	 Determine and Plot Nitrosomonas Population Growth:

Hour Nitrosomonas Population

0 100
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2.	 You have just drawn an exponential growth curve. Would you expect Nitrosomonas to continue 
reproducing at the same rate forever in the aquaponics system? What are the limiting factors for 
the population size of Nitrosomonas?  
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Name 						      Date 		  Class Period 	

3.	 What assumptions are we making about the population dynamics of the Nitrosomonas 
population?  Which contributions are we ignoring?  (Consider I, E, B, and D)

 
 

4.	 Now, based on the limiting factors you’ve named for the Nitrosomonas population, assume that 
the carrying capacity for the system is 5,000 bacteria. (These numbers are arbitrary and just used 
to illustrate the concepts). Draw and label the carrying capacity on your graph and add a line to 
show how the growth curve would change–this is an S-shaped curve.

5.	 If more fish were added to the system, how would you expect that to impact the carrying capacity 
for Nitrosomonas in the system?  

 

 
 
 

6.	 Imagine the heat in the school shut down and the temperature dropped right when you started 
a new aquaponics system. The optimal temperature for bacteria growth is between 77-86 F and 
the temperature is now 70 F. Which graph do you think best represents how this temperature 
change would impact the population growth of Nitrosomonas? Explain your reasoning.  

AA BB CC



48 La
st

 U
pd

at
ed

: 0
4/

06
/2

02
6.

 ©
 2

02
6 

Ill
in

oi
s-

In
di

an
a 

Se
a 

G
ra

nt
. A

ll 
rig

ht
s 

re
se

rv
ed

.

48	 Aquaponics: Farming Fish, Growing Greens - Lesson 05: Nitrogen Cycle & Population Dynamics

Name 						      Date 		  Class Period 	

7.	 Now, we will consider all the nitrogen levels as a new aquaponics system is started. The 
process of starting a fish tank is called “cycling” and begins by adding an ammonia source to 
your system, either from live fish or by manually adding ammonia (it can be dangerous to cycle 
with fish because of the high levels of ammonia and nitrite reached during the process.) Again, 
while we are not directly measuring the population of bacteria in the system, by measuring the 
concentration of ammonia, nitrite, and nitrate, we can draw conclusions about their arrival and 
population growth.
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8.	 Using the graph, write a CER (claim, evidence, reasoning) for when Nitrosomonas and 
Nitrobacter arrived and colonized the system.  

Nitrosomonas Arrival
Claim:  
  
 
Evidence: 

  
   

Reasoning:  
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Name 						      Date 		  Class Period 	

Nitrobacter Arrival
Claim:  

 
Evidence: 

 
Reasoning: 

 
 
 

9.	 What happened around day 40?  What made the nitrate levels drop in the aquaponics system?

 

10.	 Your aquaponic system should (hopefully) have a low or zero concentration of ammonia and 
nitrite. Does this mean that there is never any ammonia or nitrite in the system? Explain what’s 
happening using the word equilibrium, which means when two opposing forces are balanced. 

 
 
 
 

11.	 If you measured non-zero concentrations of ammonia or nitrite, what might be going wrong with 
your system? 

 
 
 
 
 

12.	 When will we be able to tell if our system start-up worked?
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L E S S O N  0 6

Plants in Aquaponic Systems

Time to Complete
3–4 CLASS PERIODS

PREPARATION

Prerequisite Knowledge
While not required, a quick 
review of plant anatomy 
may be beneficial for 
students. 

Previous knowledge of 
osmosis is required.  

Vocabulary
Absorption
Chlorophyll
Chlorosis
Flaccid
Hypertonic
Hypotonic
Macronutrients
Micronutrients
Necrosis
Nutrient deficiency
Osmosis
Photosynthesis
Primary nutrient
Reflection
Turgid

 Learning Objectives:

	Î Students will identify and explain the parts of the plant cell 
involved in the process of photosynthesis.

	Î Students will use a model to explain how photosynthesis 
connects to the global carbon cycle. 

	Î Students will obtain and communicate information about what 
types of plants are suitable for an aquaponic system. 

	Î Students will obtain and communicate information about what 
nutrients plants need and compare them to what is provided by 
the aquaponics system.

	Î Students will observe plants to determine the symptoms of 
different nutrient deficiencies. 

	Î Students will conduct investigations to determine and connect 
the symptoms of potassium deficiency to osmosis and turgor 
pressure. 

	Î Students will conduct investigations to examine the plants in 
their system, identify nutrient deficiencies, and develop metrics 
for assessing the health of their plants.

 NGSS Alignment

HS-LS1-5. Use a model to illustrate how photosynthesis 
transforms light energy into stored chemical energy.

HS-LS2-2. Use mathematical representations to support and 
revise explanations based on evidence about factors 
affecting biodiversity and populations in ecosystems 
of different scales.

HS-LS2-3. Construct and revise an explanation based on 
evidence for the cycling of matter and flow of energy 
in aerobic and anaerobic conditions. 

HS-LS2-5. Develop a model to illustrate the role of 
photosynthesis and cellular respiration in the cycling 
of carbon among the biosphere, atmosphere, 
hydrosphere, and geosphere.
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HS-LS2-4. Use mathematical representations to support claims 
for the cycling of matter and flow of energy among 
organisms in an ecosystem.

 Prep Work

	☐ Print copies of the worksheet for students.

	☐ Worksheet: Ready, Set, Grow!

	☐ Answer key at the end of this lesson plan

	☐ Print copies of the Plant Nutrient Guide for use during plant observations. 

	☐ Decide in advance if you want to use any of the optional activities detailed below during the discussion of 
photosynthesis. Each activity will require extra prep work.

Lesson Overview

1.	 Hand out the Ready, Set, Grow! worksheet at the beginning of class. Start class by having students brain-
storm what plants to grow in your aquaponics system. After students have had a couple of minutes to list 
all the plants they would like to grow (slide 5), start the review.

2.	 The slide deck starts with a review of the plant cell, photosynthesis (optional review video on slide 11: 
https://www.youtube.com/watch?v=CMiPYHNNg28), and the global carbon cycle. Have students follow along as you 
review the plant cell (slides 7-10) and photosynthesis (starts on slide 11) by labeling the parts of the plant 
cell and writing the chemical equation on their worksheets. To make the discussion on photosynthesis 
more engaging, try one or more of the optional activities listed below.

3.	 The core of this section is focused on the nutrients needed and the symptoms plants show when they 
experience deficiencies. This is a rich and complex subject. The lesson only provides an introduction, so 
there is a great opportunity here for research projects on the biochemistry behind each nutrient deficiency.

a.	 Finish the first part of the lesson after covering the potassium deficiency and turgor pressure 
(slide 48). Instruct students to complete the worksheet question on guard cells. If students are 
well-versed in transport mechanisms, ask them to hypothesize whether potassium is transported 
passively or actively.

4.	 Begin the second part of the lesson (slides 50-68) by completing the slide deck. By the end, students 
should begin to understand that certain plants will be more difficult than others to grow in the system. 
Have students reflect on which of their initial choices for plants would make the most sense based on the 
knowledge they now have.

5.	 Next, have the students as a group decide on their standards for “good plant observations”. Students of-
ten make observations too quickly, so quickly that they miss important details—for example, the presence 
of aphids. Thus, it’s best to have them create a set of expectations that they hold each other to. 

6.	 Visit your system and have students take pictures of their plants for future comparison. Photos will help 
them notice any changes over time. Make sure someone tests or has recently tested the pH of the sys-
tem. Once photos have been taken and pH tested, students should make plant observations, using the 
Plant Nutrient Guide as a resource and recording observations on their worksheets. The plant nutrient 
guide has a table with nutrients and symptoms of deficiencies on the front and a graphic that illustrates 
nutrient uptake by plants at different pH values on the back. When used together, these materials can 
help students identify which nutrients plants may be lacking and if the deficiency is a result of pH levels.

https://www.youtube.com/watch?v=CMiPYHNNg28
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7.	 Time permitting, reconvene and have students share their plant observations and discuss if the system 
seems in good health. If your system has not been up and running long enough for deficiencies to appear, 
bring students back to the classroom and use the supplemental slides found at the end of the slide deck 
(slides 69-81) to make observations and determine what nutrient is missing from the system.

Optional Activities

What Type of Light is Best? 
Conduct the experiment proposed on slide 23. The cheapest way to do this is to buy color filters and fix 
them over plants underneath white light. Then, students can measure growth over time. Alternatively, if your 
students are up to a challenge, they could design an experiment to test the effect of different colored lights 
on flowering, fruiting, and foliage growth. If budget permits, blue and red grow lights would be best for this 
experiment.  

Real Plant Deficiencies
We highly recommend raising a wide variety of plants in your aquaponics system even if it is well-known that 
some will have nutrient deficiencies. This would create a perfect educational opportunity. Students will see 
firsthand that different plants require different levels and types of nutrients to flourish, and they can then apply 
the knowledge learned in the lecture to identify the deficiencies. To take this activity one step further, have 
students create their own class-made guide to nutrient deficiencies using pictures of their own system. This 
would be more valuable than the photos used in the lecture to illustrate deficiencies.

	• Iron deficiency - strawberries

	• Potassium deficiency - cucumber/tomatoes 

	• Generally, try a few different fruiting vegetable plants as they will often show nutrient deficiencies

 
Germination Experiment 
Conduct experiments on the most efficient way to germinate seeds prior to entering the aquaponics system. 
Variables to test include presence/absence of light, distance to light source, presence/absence of nitrates, 
material (e.g. rockwool vs. peat), presence/absence of wind, and varying levels of humidity and temperature. 

Water Quality Lab
The plants in your system have different requirements than your fish. Have students collect water samples 
and test for primary plant nutrients (NPK). If time and resources permit, include testing for calcium and magne-
sium in this mini lab.

Additional Resources

	• Illustrated Definitions of Plant Problems: https://extension.purdue.edu/extmedia/ID/ID-319-W.pdf

	• Small-Scale Aquaponic Food Production: Integrated Fish and Farming (pdf provided)

	• AQU@TEACH OUTPUT 4: Aquaponics Textbook, Chapter 5 (pdf provided)

	• Complete Guide for Growing Plants Hydroponically (1st Edition): Researchgate.net › download › 1.pdf - 
https://www.researchgate.net/profile/Arvind-Singh-21/post/Hydroponics-for-Radish/attachment/5ed08b130294e50001c34553/AS%
3A896381426360321%401590725394972/download/1.pdf

	• Hydroponic Salad Crop Production: https://cropking.com/catalog/books/hydroponic-salad-crop-production

	• Hydroponic Food Production: A Definitive Guidebook for the Advanced Home Gardener and the 
Commercial Hydroponic Grower (8th edition): https://www.amazon.com/dp/0367678756

https://extension.purdue.edu/extmedia/ID/ID-319-W.pdf
https://www.researchgate.net/profile/Arvind-Singh-21/post/Hydroponics-for-Radish/attachment/5ed08b130294e50001c34553/AS%3A896381426360321%401590725394972/download/1.pdf
https://www.researchgate.net/profile/Arvind-Singh-21/post/Hydroponics-for-Radish/attachment/5ed08b130294e50001c34553/AS%3A896381426360321%401590725394972/download/1.pdf
https://cropking.com/catalog/books/hydroponic-salad-crop-production
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ANSWER SHEET

Aquaponics: Farming 
Fish, Growing Greens

L E S S O N  0 6 
Plants in Aquaponic Systems

Ready, Set, Grow!

Name 						      Date 		  Class Period 	

1.	 What plants do you want to grow in your system?

Answers will vary. Answer should include names of two or more plants.

Plant Cell Review

2.	 Label the parts of the plant cell by using words found in the word bank. Write definitions for the 
cell wall, vacuole, and chloroplast next to the label.

Chloroplast: Organelle storing 
chlorophyll and conducting 
photosynthesis in plants.

Vacuole: Water-filled 
organelle regulating 
hydrostatic pressure, 
occupying over 30% of 
the cell’s volume.

Cytoplasm

Cell Membrane

Nucleus

ChromosomesChromosomes

Cell Wall: A tough, inflexible layer giving plant cells structure.Cell Wall: A tough, inflexible layer giving plant cells structure.

	☐ Cell membrane 	☐ Cell wall 	☐ Chloroplast 	☐ Chromosomes

	☐ Cytoplasm 	☐ Nucleus 	☐ Vacuole
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ANSWER SHEET

Name 						      Date 		  Class Period 	

3.	 Write the chemical equation for photosynthesis. 
6CO2 + 6H2O ⇋ C6H12O6 + 6O2 

4.	 Potassium is a common deficiency in aquaponic systems. Potassium is, in part, responsible for 
the turgor pressure in plant cells, which is the mechanism responsible for opening and closing 
the stomata, the ports that regulate gas exchange for the plant.  
 
Using the model, describe the process of opening and closing the stomata with regards to 
the concentration of potassium. Speculate what would happen to the stomata if the plant was 
deficient in potassium. In your answer, use the words osmosis, hypertonic, hypotonic, turgid, and 
flaccid when describing this process.   

When the stoma is open, there is a high concentration of K+ in the vacuoles, which 
draws water into the vacuoles because the solution outside is now hypotonic. The 
cells become turgid, which forces the stoma open.  
 

When the stoma is closed, there is a low concentration of K+ in the vacuoles, which 
draws water out because the solution outside of the vacuole is now hypertonic. The 
cells become flaccid and the stoma closes.  
 
If the plant was potassium deficient, it wouldn’t be able to drive up the 
concentration in the vacuoles and the cells would never become turgid. Thus, the 
stomata would never open and the plant would be limited in its ability to  
exchange gases. 
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ANSWER SHEET

Name 						      Date 		  Class Period 	

Plant Observations

5.	 It is important to catch problems early in an aquaponic system, so you can make corrections 
quickly. This is only possible if you make thorough observations of your system. Start by making 
general observations of your plants, writing them in the space below. Is any particular type 
of plant doing better than others? Are certain areas doing better than others? Is there any 
discoloration? Are there pests? If you suspect any nutrient deficiencies, speculate on what the 
deficiency is and why. 
Answers will vary based on student’s observations. 
 
 
 
 

6.	 Select one plant, record which one you’ve chosen, and make detailed observations and growth 
measurements (height, number of leaves, size of leaves). Construct a data table with your 
observations. 
Answers will vary based on the plant selected. Answers should identify what plant 
was selected, a description of what was observed (plant condition), and growth 
measurements. 
 
 
 

7.	 Test the pH of your water. Consult the chart on plant nutrient uptake at different pH levels. 
Make a claim about the uptake of any nutrient that you are concerned about. Use evidence and 
reasoning to support your concern. 
Answers will vary based on pH test results. Answers should include a claim, evidence 
(pH level and information from the chart), and the reasoning to support the claim. 
 
 
 

8.	 Why is pH important to plants?

Water pH influences the availability of water nutrients to plants. If the pH level is 
high or low, even if the nutrients are present the plant will not be able to uptake it 
and the plants will be deprived of nutrients required for healthy growth.
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Aquaponics: Farming 
Fish, Growing Greens

L E S S O N  0 6 
Plants in Aquaponic Systems

Ready, Set, Grow!

Name 						      Date 		  Class Period 	

1.	 What plants do you want to grow in your system?

 

Plant Cell Review

2.	 Label the parts of the plant cell by using words found in the word bank. Write definitions for the 
cell wall, vacuole, and chloroplast next to the label.

 

 

 

 

 

  

  

	☐ Cell membrane 	☐ Cell wall 	☐ Chloroplast 	☐ Chromosomes

	☐ Cytoplasm 	☐ Nucleus 	☐ Vacuole
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Name 						      Date 		  Class Period 	

3.	 Write the chemical equation for photosynthesis. 
  

4.	 Potassium is a common deficiency in aquaponic systems. Potassium is, in part, responsible for 
the turgor pressure in plant cells, which is the mechanism responsible for opening and closing 
the stomata, the ports that regulate gas exchange for the plant.  
 
Using the model, describe the process of opening and closing the stomata with regards to 
the concentration of potassium. Speculate what would happen to the stomata if the plant was 
deficient in potassium. In your answer, use the words osmosis, hypertonic, hypotonic, turgid, and 
flaccid when describing this process.  
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Name 						      Date 		  Class Period 	

Plant Observations 

5.	 It is important to catch problems early in an aquaponic system, so you can make corrections 
quickly. This is only possible if you make thorough observations of your system. Start by making 
general observations of your plants, writing them in the space below. Is any particular type 
of plant doing better than others? Are certain areas doing better than others? Is there any 
discoloration? Are there pests? If you suspect any nutrient deficiencies, speculate on what the 
deficiency is and why. 
  
 
 
 
 

6.	 Select one plant, record which one you’ve chosen, and make detailed observations and growth 
measurements (height, number of leaves, size of leaves). Construct a data table with your 
observations. 
  
 
 
 
 
 

7.	 Test the pH of your water. Consult the chart on plant nutrient uptake at different pH levels. 
Make a claim about the uptake of any nutrient that you are concerned about. Use evidence and 
reasoning to support your concern. 
  
 
 
 
 

8.	 Why is pH important to plants?
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Aquaponics: Farming 
Fish, Growing Greens

L E S S O N  0 6 
Plants in Aquaponic Systems

Plant Nutrient Guide

Nutrient Deficiency Symptoms

Nitrogen 	• Fully yellow older leaves (nitrogen is mobile)
	• Slowed growth

Phosphorus 	• Purple/brown spots on older leaves often 
along the veins (phosphorus is mobile)

	• More common in fruiting plants 

Potassium 	• Brown spots or yellowing edges in older 
leaves, called scorching (potassium is mobile)

	• Stunted growth
	• Wilted appearance 

Calcium 	• Splotchy burning on the edges of new growth 
(calcium is immobile)

	• Fairly common in aquaponic systems

Iron 	• Yellow/pale leaves but green veins in new 
growth (iron is immobile) 

	• Specific to certain plants

Magnesium 	• Total leaf chlorosis in old leaves (magnesium 
is mobile) 

	• Marginal necrosis (death)
	• Easily confused with nitrogen deficiencies 
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Figure courtesy of Illinois-Indiana Sea Grant, adapted from RGJ Aquaponics
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Fish in Aquaponics Systems 
L E S S O N  0 7

Time to Complete
3 CLASS PERIODS

PREPARATION

Prerequisite Knowledge
Introductory knowledge on 
biological macromolecules. 
Proteins (particularly 
enzymes, lipids, 
carbohydrates, and 
vitamins) would be useful, 
but this lesson could serve 
as the introduction to these 
molecules.

Vocabulary
Amino acids
Carbohydrates
Enzymes
Fat-soluble
Isozymes
Kinetics
Lipids
Omega-3 and omega-6 
Fatty acids
Poikilothermic
Protein
Water-soluble

 Learning Objectives:

	Î Students will obtain information about some common fish 
health issues encountered in aquaponics systems.  

	Î Students will obtain information about how temperature and pH 
affect their fish. 

	Î Students will obtain information about the optimum pH for all 
organisms in the aquaponics system and how to achieve the 
optimum pH.

	Î Students will create a model of a complete fish diet and 
compare this with their current fish food.  

	Î Students will calculate the correct amount of food to feed their 
fish.  

	Î Students will select fish for their aquaponics systems. 

	Î Students will observe and assess the health of their fish. 

 NGSS Alignment

HS-ETS1-3. Evaluate a solution to a complex real-world problem 
based on prioritized criteria and trade-offs that 
account for a range of constraints, including cost, 
safety, reliability, and aesthetics as well as possible 
social, cultural, and environmental impacts.

 Prep Work

	☐ Print copies of the Buffer Mini Lab worksheet for students. 

	☐ Set up lab stations for the Buffer Mini Lab. Each station should 
include a water sample from your system, a device to measure 
pH (pH pen or chemical test), titration supplies to measure 
alkalinity, baking powder, a scale or measuring device, vinegar, 
a graduated cylinder or other vessel for measuring volume.

	☐ Print copies of the worksheet for students.

	☐ Worksheet: Fish Food Assessment

	☐ Answer key at the end of this lesson plan
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	☐ Prepare printed copies or a way to display the ingredient list and description of the specific fish food used 
for your system.

	☐ Print copies of the Fish Food Guide: What do your fish need for a complete diet? for student use.

	☐ Decide in advance if you want to use either of the optional activities detailed below on the final day of this 
lesson. Each activity will require extra prep work.

Lesson Overview

1.	 The slide deck begins with a quick overview of fish anatomy, which emphasizes some major anatomical 
differences between humans and fish. The focus then shifts to why water temperature and pH are so im-
portant to fish health and growth.  These sections make connections to chemical kinetics and specialized 
enzymes, as well as to selecting organisms that all thrive at the same pH levels. 

2.	 Next, the students will learn about what food to feed their fish, how much, and how often. The slide deck 
is light on details about the contents of the food, but this is the focus of (1) the Fish Food Guide: What do 
your fish need for a complete diet? and Fish Food Assessment worksheet, which can be used as an in-
troduction or assessment for students’ understanding of biological macromolecules, and (2) the Selecting 
the Best Food for Your Fish activity that can be found on slide 41. 

3.	 The presentation finishes with the students brainstorming what factors are important in picking a fish spe-
cies for their system, common fish selected for aquaponics, and what they should observe about their fish.  

4.	 Prior to handing out the Fish Food Assessment worksheet, pass out printed copies of the ingredient list 
and description of the specific fish food used for your system, or display the information on a screen for 
students to see.  

5.	 End the lesson with one or more optional activities (details below) and a short quiz (Fish in Aquaponics) to 
bring all the concepts covered in this lesson together.

Suggested schedule

DAY 1 Fish Anatomy, pH, and temperature (slides 3-33). 
End with Buffer Mini Lab.

DAY 2
Feeding, selecting, and observing your fish (slides 34-47). 
Complete the Fish Food Assessment worksheet and/or the 
Selecting the Best Food for Your Fish research activity (slide 41).

DAY 3 Fileting and cooking fish or Harvest Debate (Optional Activities). 
End with short Fish in Aquaponics quiz.

Additional Resources

	• IISG’s Students Ask Scientists: Video Chats: https://iiseagrant.org/education/students-ask-scientists

https://iiseagrant.org/education/students-ask-scientists
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Buffer Mini Lab

Print the Buffer Mini Lab worksheet. To prep for the activity, set up lab stations. Each station should include 
a water sample from your system, a device to measure pH (pH pen or chemical test), titration supplies to 
measure alkalinity, baking powder, a scale or measuring device, vinegar, a graduated cylinder or other vessel 
for measuring volume. Go through the instructions on the handout. After students have completed the activity, 
have them return to their seats to share their experience and discuss their results and conclusions. End with 
the question “how can we adjust pH and the carbonate buffer in the system”? (slide 32)

Optional Activities

	• Filet and Cook Fish 

A big hurdle in increasing student interest in aquaponics is getting them to view their fish as a source 
of food. Many students don’t frequently eat fish and generally seem to find fish gross. One of the most 
effective ways to break through this barrier is to actually cook and eat fish with your students. Despite the 
many reasons fish are nutritionally and environmentally beneficial, students’ decisions about whether or 
not to eat fish usually comes down to taste. So, if possible, we highly encourage teaching your students 
how to fillet and cook fish. Fish tacos or a fish fry are often well-received meals. Herbs and vegetables 
from your system can also be harvested for the meal. The act of harvesting and preparing their own meal, 
in theory, should be very empowering to your students. Try to engage them by appealing to their flair for 
drama and correctly point out that these are good survival skills for when the zombie apocalypse arrives.

	| Teach your students how to fillet a fish: https://www.youtube.com/watch?v=sEue4x5FASw 

	| Interesting science on the taste of fish based on how they were killed.   
WARNING: This video shows a fish being killed.  https://www.youtube.com/watch?v=TS4AM9mPX-8 

	• Harvest Debate 

Harvesting their fish is often a divisive subject among students. Holding a debate on whether or not to 
harvest their fish is also a great way to engage students about the merits of eating fish. Debate points 
could include the nutritional value of fish compared to other meats, the carbon footprint associated 
with raising fish, water usage, moral arguments of killing animals, and the taste. Split your class into two 
groups and assign one to be pro-fish harvesting and one to be anti-fish harvesting.  Each group should 
develop four arguments for their side and each group is allowed to make counterpoints after the other 
group’s argument. Some good resources for your students to draw from are listed below: 

	| Health Benefits of Fish: https://www.doh.wa.gov/communityandenvironment/food/fish/healthbenefits

	| The Carbon Footprint of Different Foods: https://www.visualcapitalist.com/visualising-the-greenhouse-gas-impact-
of-each-food/

	| Pescatarian Diets: https://www.healthline.com/nutrition/pescatarian-diet

	| Water Usage: https://foodprint.org/issues/the-water-footprint-of-food/

	| The Human Diet from an Evolutionary Perspective: https://www.nature.com/scitable/knowledge/library/
evidence-for-meat-eating-by-early-humans-103874273/

	| Evolution of the Human Diet: https://www.nationalgeographic.com/foodfeatures/evolution-of-diet/

	| Diet and Chronic Health Conditions: https://www.greenfacts.org/en/diet-nutrition/index.htm

https://www.youtube.com/watch?v=sEue4x5FASw
https://www.youtube.com/watch?v=TS4AM9mPX-8
https://www.doh.wa.gov/communityandenvironment/food/fish/healthbenefits#:~:text=Fish%20is%20filled%20with%20omega,part%20of%20a%20healthy%20diet.
https://www.visualcapitalist.com/visualising-the-greenhouse-gas-impact-of-each-food/
https://www.visualcapitalist.com/visualising-the-greenhouse-gas-impact-of-each-food/
https://www.healthline.com/nutrition/pescatarian-diet
https://foodprint.org/issues/the-water-footprint-of-food/#:~:text=Pound%20for%20pound%2C%20meat%20has,cattle%20consume%20over%20their%20lifetime.
https://www.nature.com/scitable/knowledge/library/evidence-for-meat-eating-by-early-humans-103874273/
https://www.nature.com/scitable/knowledge/library/evidence-for-meat-eating-by-early-humans-103874273/
https://www.nationalgeographic.com/foodfeatures/evolution-of-diet/
https://www.greenfacts.org/en/diet-nutrition/index.htm#:~:text=Indeed%2C%20diet%2Drelated%20chronic%20diseases,a%20great%20burden%20for%20society
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Additional Resources

	• Know Your H2O testing kit (loanable test kit): https://iiseagrant.org/education/loanable-kits/

	• Know You H2O Quick Reference Guide for Testing Water Quality: https://iiseagrant.org/education/know-your-H2O/

	• Recirculating Aquaculture Buffering (University of Tennessee): https://web.utk.edu/~rstrange/wfs556/html-
content/04-buffering.html

	• Eat Midwest Fish Recipes: https://eatmidwestfish.org/recipe/

	• Eat Midwest Fish Cooking Demonstration Videos: https://eatmidwestfish.org/recipes/cooking-demos/

https://iiseagrant.org/education/loanable-kits/
https://eatmidwestfish.org/recipe/ 
https://eatmidwestfish.org/recipes/cooking-demos/
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ANSWER SHEET

Aquaponics: Farming 
Fish, Growing Greens

L E S S O N  0 7 
Fish in Aquaponics Systems

Buffer Mini Lab

Name 						      Date 		  Class Period 	

Lab Group 	
Members

Introduction:

When scientists do experiments, they often record their activities in a journal or lab notebook. Today, you 
are going to create a lab journal entry to keep a record of what you do. Include the names of all lab group 
members, the date, page numbers, starting pH and alkalinity levels, hypothesis, your producers, results, and 
conclusion. Follow the instructions and use the section headers to guide you as you plan and complete your 
experiment.

Instructions:

1.	 Record the names of lab group members and the date.

2.	 Establish benchmarks: Measure the pH and alkalinity of your water sample and record findings to estab-
lish what the pH and alkalinity levels are before anything is added.

3.	 Hypothesis: Select what you will add to your water sample (baking soda or vinegar) and come up with a 
hypothesis. 

4.	 Procedures: Describe your procedures for testing your hypothesis. What steps will you take, and how will 
you measure the results?

5.	 Results: Record your results.

6.	 Conclusion: What do you conclude based on your findings? What can you add to your system to adjust pH 
and the carbonate buffer in the system?

Establish Benchmarks:

1.	 Beginning pH: Answers will vary based on the water sample. Test the samples  
before class to determine pH.

2.	 Beginning alkalinity: Answers will vary based on the water sample. Test the samples 
before class to determine alkalinity (mg/l).

Hypothesis:

3.	 (What do you think will happen when you add 				     to your water sample?):baking soda OR  
vinegar

If baking soda is added to water, the pH and alkalinity will increase. 
If vinegar is added to water, the pH and alkalinity will increase.
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ANSWER SHEET

Name 						      Date 		  Class Period 	

Procedures:  
Answers will vary from group to group. Here is one example:

1) Pour 200 ml of sample water into a 250 ml beaker.

2) Measure out 25 grams of baking soda.

3) Add 25 grams of baking soda to the water.

4) Mix until the baking soda is dissolved.

5) Measure the pH and alkalinity of your water sample and record findings.

Results: 
End pH: Answers will vary based on the experimental design, but as long as students 
add enough baking soda to change the pH, the pH will be higher than the beginning 
pH.

End alkalinity: Answers will vary based on the experimental design, but as long as 
students add enough baking soda to change the alkalinity, the alkalinity will be higher 
than the beginning alkalinity.

Conclusion: 
Answers will vary based on procedures. Here are a couple of examples:

Adding a base to water makes the water more basic, therefore when the pH/alkalinity 
of the system is low, baking soda can be added to make the pH and alkalinity go up.

Adding an acid to water makes it more acidic, therefore when the pH/alkalinity of 
aquaponics system water is high, an acid can be added to make the pH and alkalinity go 
down.
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ANSWER SHEET

Aquaponics: Farming 
Fish, Growing Greens

L E S S O N  0 7 
Fish in Aquaponics Systems

Fish Food Assessment

Name 						      Date 		  Class Period 	

Instructions: Answer the questions below.

1.	 Proteins are large structures made of linked amino acids. Assess the structures of the amino 
acids listed. Based on the similarity in their structures, where do you think amino acids create 
bonds to form long chains? (Hint: an -OH group will be replaced by -NH)

A peptide bond is formed between the carbonyl carbon and the NH group of another 
amino acid, which replaces the -OH group.   

2.	 Draw the peptide (small protein) of valine-valine-valine.   
 

3.	 Proteins can be tens of thousands of amino acids long, which allows for HUGE chemical diversity 
in their structures. Calculate how many different peptides with a length of 10 amino acids you 
could make from the 20 most common amino acids in nature. 

2010=20×20×20×20×20×20×20×20×20×20=1.024×1013 different combinations!

4.	 Compare the structures of the omega-3 and omega-6 fatty acids. What do the ‘3’ and ‘6’ mean to 
the type of structure? 

The 3 and 6 indicate where the first double bond is from the end of the fatty chain. 
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ANSWER SHEET

Name 						      Date 		  Class Period 	

5.	 Compare the structures of the water-soluble and fat-soluble vitamins. You’ll notice that 
structurally they are quite diverse, but you should be able to identify a commonality between 
all the water-soluble vitamins and all the fat-soluble vitamins.  What is it? Explain how this 
commonality relates to the vitamins being water or fat-soluble. Remember water is H2O and fats 
have carbon-hydrogen structures.

All the water-soluble vitamins have lots of -OH groups and, in some cases, NH 
groups.  The fat-soluble vitamins are all carbon-hydrogen with no other types of 
atoms. -OH groups make the vitamins water-soluble, whereas the fat-soluble 
vitamins are only soluble in other carbon-hydrogen molecules. This is an example of 
“like-dissolves-like.” 
 
 
 
 

6.	 After reading through the fish food assessment, design the perfect food for the fish in your 
system.  Include the % protein, the protein source, the % fats, any specific fats needed, the % 
carbohydrates, the vitamins needed, and minerals needed. 

Answers will vary depending on the type of fish you have in your system. However, 
they should now be able to list out and interpret the meaning of all the ingredients in 
their fish food. 
 
 
 
 

7.	 Now compare the food that you designed with the description and ingredients listed on your fish 
food.  Categorize each ingredient as a source of protein, carbohydrate, lipid, mineral, or vitamin 
(some ingredients may be added for other reasons- mark the ingredients you’re not sure about).  
Assess the quality of your fish food.  Make a claim about whether or not you endorse this fish 
food.  Use evidence and reasoning to support your claim. 

Answers will vary depending on the student-designed feed. Answers should include a 
comparison of ingredients, a claim, and the evidence and reasoning to support  
the claim.
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ANSWER SHEET

Aquaponics: Farming 
Fish, Growing Greens

L E S S O N  0 7 
Fish in Aquaponics Systems

QUIZ: Fish in Aquaponics

Name 						      Date 		  Class Period 	

Instructions: Answer the questions below.

Fish Anatomy

1.	 In one or two sentences, describe the function of the following parts of a fish.

a.	 Gills: 

Fish gills absorb dissolved oxygen from the water and excrete waste products such as 
carbon dioxide and ammonia.

b.	 Swim Bladder: 

The swim bladder is a gas-filled organ that controls the buoyancy of the fish.  
It helps fish maintain the correct water depth.

Temperature and pH

2.	 Why is it important to fish that temperature is controlled in an aquaponics system? 

Most fish cannot maintain their own body temperature. They are cold-blooded, and 
their body temperature changes with the temperature of the water. If water is 
too warm, fish can die. 

3.	 What is pH?

pH is the measure of hydrogen ions, H+, in solution. 

4.	 What is the optimum pH level in water for fish?

6.5 – 8.0

5.	 Why is pH important to fish? 

Fish are sensitive to the pH of their water. pH influences the chemistry of water. 
When the pH of the system water is high or low, elements and molecules in the water 
can be toxic to fish.
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ANSWER SHEET

6.	 What is the optimum level of pH in the water for nitrifying bacteria? 

7.0 – 8.0

7.	 Why is pH important to bacteria? 

Nitrifying bacteria thrives at different levels of pH in the system water. If the pH 
is too high or too low the bacteria is not as active and will not be able to convert as 
much ammonia to nitrite or nitrite to nitrate as it could under optimal conditions.

8.	 What is the optimum pH range for an aquaponics system, and why? 

Optimum pH for an aquaponic system is 6.8 – 7.2. When the system water is neutral 
or close to neutral, the fish, bacteria, and plants have good conditions to grow and 
thrive. 

Bonus

9.	 What are four interrelated areas of science an aquaponic system addresses to be effective?

Along with the plant sciences, aquaponics incorporates nitrifications, fish anatomy and 
nutrition, biology, and innovative high-tech agriculture.
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Aquaponics: Farming 
Fish, Growing Greens

L E S S O N  0 7 
Fish in Aquaponics Systems

Buffer Mini Lab

Name 						      Date 		  Class Period 	

Lab Group 	
Members

Introduction:

When scientists do experiments, they often record their activities in a journal or lab notebook. Today, you 
are going to create a lab journal entry to keep a record of what you do. Include the names of all lab group 
members, the date, page numbers, starting pH and alkalinity levels, hypothesis, your producers, results, and 
conclusion. Follow the instructions and use the section headers to guide you as you plan and complete your 
experiment.

Instructions:

1.	 Record the names of lab group members and the date.

2.	 Establish benchmarks: Measure the pH and alkalinity of your water sample and record findings to estab-
lish what the pH and alkalinity levels are before anything is added.

3.	 Hypothesis: Select what you will add to your water sample (baking soda or vinegar) and come up with a 
hypothesis. 

4.	 Procedures: Describe your procedures for testing your hypothesis. What steps will you take, and how will 
you measure the results?

5.	 Results: Record your results.

6.	 Conclusion: What do you conclude based on your findings? What can you add to your system to adjust pH 
and the carbonate buffer in the system?

Establish Benchmarks:

1.	 Beginning pH:   

2.	 Beginning alkalinity:   
 

Hypothesis:

3.	 (What do you think will happen when you add 				     to your water sample?):
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Name 						      Date 		  Class Period 	

Procedures:  
 

 

 

 

 

 

Results: 

 
 
 
 
 
 
 
 

Conclusion: 
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Aquaponics: Farming 
Fish, Growing Greens

L E S S O N  0 7 
Fish in Aquaponics Systems

Fish Food Assessment

Name 						      Date 		  Class Period 	

Instructions: Answer the questions below.

1.	 Proteins are large structures made of linked amino acids. Assess the structures of the amino 
acids listed. Based on the similarity in their structures, where do you think amino acids create 
bonds to form long chains? (Hint: an -OH group will be replaced by -NH)

 
   

2.	 Draw the peptide (small protein) of valine-valine-valine.   
 

3.	 Proteins can be tens of thousands of amino acids long, which allows for HUGE chemical diversity 
in their structures. Calculate how many different peptides with a length of 10 amino acids you 
could make from the 20 most common amino acids in nature. 

4.	 Compare the structures of the omega-3 and omega-6 fatty acids. What do the ‘3’ and ‘6’ mean to 
the type of structure? 
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Name 						      Date 		  Class Period 	

5.	 Compare the structures of the water-soluble and fat-soluble vitamins. You’ll notice that 
structurally they are quite diverse, but you should be able to identify a commonality between 
all the water-soluble vitamins and all the fat-soluble vitamins.  What is it? Explain how this 
commonality relates to the vitamins being water or fat-soluble. Remember water is H2O and fats 
have carbon-hydrogen structures.

  
 
 
 
 
 
 
 
 

6.	 After reading through the fish food assessment, design the perfect food for the fish in your 
system.  Include the % protein, the protein source, the % fats, any specific fats needed, the % 
carbohydrates, the vitamins needed, and minerals needed. 

  
 
 
 
 
 
 

7.	 Now compare the food that you designed with the description and ingredients listed on your fish 
food.  Categorize each ingredient as a source of protein, carbohydrate, lipid, mineral, or vitamin 
(some ingredients may be added for other reasons- mark the ingredients you’re not sure about).  
Assess the quality of your fish food.  Make a claim about whether or not you endorse this fish 
food.  Use evidence and reasoning to support your claim. 
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Aquaponics: Farming 
Fish, Growing Greens

L E S S O N  0 7 
Fish in Aquaponics Systems

QUIZ: Fish in Aquaponics

Name 						      Date 		  Class Period 	

Instructions: Answer the questions below.

Fish Anatomy

1.	 In one or two sentences, describe the function of the following parts of a fish.

a.	 Gills: 

 

b.	 Swim Bladder: 

 

Temperature and pH

2.	 Why is it important to fish that temperature is controlled in an aquaponics system? 

 
 
  

3.	 What is pH?

 

4.	 What is the optimum pH level in water for fish?

5.	 Why is pH important to fish? 
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6.	 What is the optimum level of pH in the water for nitrifying bacteria? 

7.	 Why is pH important to bacteria? 

 
 
 

8.	 What is the optimum pH range for an aquaponics system, and why? 

 
 
 

Bonus

9.	 What are four interrelated areas of science an aquaponic system addresses to be effective?
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L E S S O N  0 8

Our Modern Food System

Time to Complete
45 MINUTES

PREPARATION

Prerequisite Knowledge
None

Vocabulary
Colony collapse disorder
Dead zones
Food desert
Food system
Insecticides
Monocultures
Pesticides

 Learning Objectives:

	Î Students will construct an explanation about the complexity of 
society’s current food system and create a model of the many 
steps that go into getting food on people’s plates.  

	Î Students will obtain and communicate information about 
some of the major drawbacks of our modern food system and 
agricultural practices. 

	Î Students will construct an explanation about how aquaponics 
could be used to address these problems and act as a 
supplement to our modern food system.   

 NGSS Alignment

HS-ETS1-3. Evaluate a solution to a complex real-world problem 
based on prioritized criteria and trade-offs that 
account for a range of constraints, including cost, 
safety, reliability, and aesthetics as well as possible 
social, cultural, and environmental impacts.

 Prep Work

	☐ Print copies of the worksheets for students. 

	☐ Worksheet: Our Modern Food System

	☐ Answer key at the end of this lesson plan

	☐ Print copies of the jigsaw reading pages for use during plant 
observations. All students in each group should have a copy of 
the group’s reading material.

Lesson Overview

1.	 Begin the lesson by playing the YouTube video An Introduction 
to the Food System (https://www.youtube.com/watch?v=Y3Yx2Mh3mSE). 
When the video is over, separate students into groups of 4. 

2.	 Each student should receive a copy of the Our Modern Food 
System worksheet and a copy of the jigsaw reading. Every stu-

https://www.youtube.com/watch?v=Y3Yx2Mh3mSE
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dent in each group will be responsible for reading a different passage and sharing their new knowledge 
with the group.

3.	 Have students do the jigsaw reading activity (see jigsaw reading procedures below for more details). Stu-
dents should complete and summarize their reading. After groups share with their classmates what they 
learned, allow time for class discussion. 

4.	 Play the YouTube video Apples: From Farm to Table (https://www.youtube.com/watch?v=66yQwR9OE4I) as an exam-
ple of a food pathway before moving on to the worksheet. 

5.	 Together, students should complete their worksheets, brainstorming how aquaponics can mitigate these 
problems. This lesson lends itself well to responsible action. As an optional activity, have students track 
their weekly food waste.

Jigsaw Reading Procedure:
Jigsaw reading is a cooperative learning strategy that involves students working in groups to become experts 
on different parts of a text. The strategy breaks content into small chunks, requiring students in each group to 
become familiar with their assigned text and then share that knowledge with the rest of their group. The goal 
is that, by the end of the activity, all students are familiar with all the content.

Group 1

	 Student A – Jigsaw Reading #1

	 Student B – Jigsaw Reading #2

	 Student C – Jigsaw Reading #3

	 Student D – Jigsaw Reading #4

Group 2

	 Student E – Jigsaw Reading #1

	 Student F – Jigsaw Reading #2

	 Student G – Jigsaw Reading #3

	 Student H – Jigsaw Reading #4

For this jigsaw reading activity, there are four passages to read, so separate students into groups of four (sam-
ple group setup shown above). Hand out jigsaw reading assignments, one per student. Each member of the 
group should be given a different reading. Give students 3-5 minutes to read the assignment and complete 
the tasks. Next, give students in each group about 10 minutes to take turns sharing what they learned with 
each other. Finish the activity by discussing the readings as a class. Take this time to answer any questions 
that may have come up from the readings or during group discussions. 

Video Links:
An Introduction to the food system: https://www.youtube.com/watch?v=Y3Yx2Mh3mSE  

Apples: From Farm to Table: https://www.youtube.com/watch?v=66yQwR9OE4I 

https://www.youtube.com/watch?v=66yQwR9OE4I
https://www.youtube.com/watch?v=Y3Yx2Mh3mSE  
https://www.youtube.com/watch?v=66yQwR9OE4I 
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ANSWER SHEET

International 
Shippers

Aquaponics: Farming 
Fish, Growing Greens

L E S S O N  0 8 
Our Modern Food System

Our Modern Food System

Name 						      Date 		  Class Period 	

Introduction: Have you ever thought about how food gets to your plate? Every day, you (hopefully) 
eat three meals — where did all that food come from? The process through which food is grown, 
cultivated, processed, and transported to you is collectively called a food system, and our food 
system in America is pretty complicated. Not many of us grow our own vegetables or raise our own 
livestock; instead, we rely on a complex global system to supply our food. 
 
For example, think about eating an apple. That seems simple enough, right? Well, not exactly. That 
apple was grown, probably with fertilizers and pesticides (which required production and likely inter-
rupted the natural ecosystem), then the apple was harvested by an employee and packaged. (Keep 
in mind that many agricultural employees are migrant workers who are underpaid and work without 
benefits like healthcare.) Then the apple was coated with wax to ensure it maintained crispness as 
it was shipped across the country in an airplane or truck to your grocery store, where someone un-
packed it, and it was eventually sold to you. And that’s not taking any processing into account. This 
all gets a lot more complicated if you wanted to make applesauce with that apple.
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The Food Supply Chain: A Gallon of Milk
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Figure courtesy of Illinois-Indiana Sea Grant, adapted from the National Center for Agricultural Literacy
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ANSWER SHEET

Aquaponics: Farming 
Fish, Growing Greens

L E S S O N  0 8 
Our Modern Food System

Jigsaw Reading #1

Name 						      Date 		  Class Period 	

Instructions: As you read the passage below, circle words you don’t know and define them at the 
bottom. When you have finished reading, summarize what you read in one or two sentences. 

Water Usage1

While it may seem like we have plenty of water on earth (after all, the earth’s surface is 71% water), only 3% of 
that is freshwater. And of that 3%, 83% is inaccessible as it is stored in glaciers. So, only 0.5% of the world’s 
water is fresh and accessible. This still amounts to a lot of water; however, the challenge is often in the redistri-
bution of freshwater and assuring access to everyone. Currently, 2.7 billion people face water scarcity at least 
one month out of the year.2

On average, agricultural practices account for ~33% of our freshwater usage in America and 70% globally. 
Of that water, approximately 60% drains into the environment and requires purification before it can be used 
again. Consequently, it is of the utmost importance that agricultural practices begin using water more sustain-
ably, especially as the world population continues to increase and with it, the demand for freshwater.

There are many ways to achieve this goal. First, we can adjust our methods. For example, because aquapon-
ics and hydroponics recycle water, these techniques use ~10x less water than traditional agricultural tech-
niques.3 Second, we can shift our diets away from water-intensive foods, particularly beef and pork products. 
For example, one hamburger requires 616 gallons of water to produce, most of which is used to grow the feed 
for the cattle. In contrast, two cups of broccoli only require 11 gallons of water. And if you don’t want to give up 
meat in your diet, one pound of seafood can be produced with one pound of soybean product whereas one 
pound of pork or beef requires 15-20 pounds of soybean product. That’s a lot of water and resources for one 
pound of meat! 
 
 

1.	 Summary Sentence:

Agriculture competes for limited freshwater resources to produce food and other 
products. How food is grown and what foods we eat can both contribute to more 
sustainable water use. 

2.	 Definitions:

Glacier- an accumulation of snow and ice that slowly flows over land.

1	 Water facts from USBR, Accessed February 28, 2021 https://www.usbr.gov/mp/arwec/water-facts-ww-water-sup.html
2	 Overview of Water Scarcity, Accessed February 28, 2021,  https://www.worldwildlife.org/threats/water-scarcity
3	 Hydroponics: A Better Way to Grow Food, Accessed February 28, 2021  https://www.nps.gov/articles/hydroponics.htm
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ANSWER SHEET

Aquaponics: Farming 
Fish, Growing Greens

L E S S O N  0 8 
Our Modern Food System

Jigsaw Reading #2

Name 						      Date 		  Class Period 	

Instructions: As you read the passage below, circle words you don’t know and define them at the 
bottom. When you have finished reading, summarize what you read in one or two sentences. 

Fertilizers
In the early 1800s, scientists discovered which elements were most essential to plant growth: nitrogen, phos-
phorus, and potassium. Later, fertilizer containing these elements was manufactured in the U.S. and Europe. 
Now, many farmers use chemical fertilizers with nitrates and phosphates because they greatly increase crop 
yields.

However, fertilizers have come with another set of problems. The heavy reliance on chemicals has disturbed 
the environment, often destroying helpful species of animals along with harmful ones. Chemical use in 
agriculture may also pose a health hazard to people, especially through contaminated water supplies. High 
nitrite and nitrate concentrations are common to agricultural areas and are associated with a number of health 
issues, particularly for fetuses.    

Nitrogen and phosphorus runoff from agricultural fields are some of the largest sources of pollution to coastal 
“dead zones” across the U.S. Perhaps the most infamous dead zone in the U.S. is an 8,500 square mile area 
(about the size of New Jersey) in the Gulf of Mexico, not far from where the nutrient-laden Mississippi River 
drains into the gulf. Farms throughout the Midwest drain into the Mississippi and contribute to this nutrient 
overload. (In Indiana, for example, most of our state drains to the Wabash River, then the Ohio, and ultimately 
the Mississippi.) The gulf area dead zone has created massive challenges for the region’s fishing industry that 
ripple throughout the economy. Low oxygen levels in the dead zone waters have led to reproductive prob-
lems for fish, leading to low spawning rates and egg counts. 
 
 

1.	 Summary Sentence:

Using chemical fertilizers benefits farmers by boosting production, but can harm the 
environment and living things when excess chemicals get in the water table and in 
natural environments. 

2.	 Definitions:

Dead zones - area of water where the oxygen levels are too low for aquatic life  
to survive.

This reading has direct excerpts from:  
National Geographic’s Resource Library, Accessed March 2, 2021
https://education.nationalgeographic.org/resource/the-art-and-science-of-agriculture/
Clear Choices, Clean Water Indiana, Accessed March 2, 2021 
https://indiana.clearchoicescleanwater.org/pledges/lawns/fertilizer-impacts/#void
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ANSWER SHEET

Aquaponics: Farming 
Fish, Growing Greens

L E S S O N  0 8 
Our Modern Food System

Jigsaw Reading #3

Name 						      Date 		  Class Period 	

Instructions: As you read the passage below, circle words you don’t know and define them at the 
bottom. When you have finished reading, summarize what you read in one or two sentences. 

Pesticides
Pesticides are chemicals or biological agents applied to crops to prevent damage caused by pests such as 
insects, weeds, or fungi. They have been incredibly important in maintaining high crop yields but have come 
with some disastrous environmental and health consequences.  

Generally, pesticides are developed to damage, incapacitate, or kill an unwanted organism. Thus, it doesn’t 
take much imagination to conclude that those chemicals could also be harmful to other beneficial organisms 
as well as to humans. In fact, many pesticides were developed from chemicals initially intended for chemical 
warfare. Over the years, scientists have discovered these drawbacks, which resulted in government regulation 
as well as continued research into effective but less toxic pesticides. However, it can be hard, if not impossi-
ble, to predict the long-term effects of a chemical in the environment.  

For example, entomologists have recently observed a drop in bee populations, often described as colony 
collapse disorder. While there are multiple contributors to this problem, scientists have identified neonicoti-
noids, a class of insecticides, as a potential cause. 4 The loss of bee populations has significant consequenc-
es. Honeybees are the natural pollinator for many plants, including agricultural crops like almond trees and 
blueberries. Without honeybees, the production of these crops would plummet, or plants would have to be 
pollinated by hand. However, neonicotinoids were initially considered safe and heavily used throughout the 
2000s. It wasn’t until 2006 that scientists began making a connection between neonicotinoids and decreas-
ing bee populations. Consequently, the U.S. and European governments have started regulating their usage, 
but it is unclear how long-lasting their impact will be. 
 
 

1.	 Summary Sentence: 

Pesticides used to control insects, weeds, and fungi in agricultural fields can be 
beneficial to crop production, but harmful to the environment and humans. 

2.	 Definitions: 

Entomologist - a scientist who studies insects, spiders, and other arthropods.

4	 Study strengthens link between neonicotinoids and collapse of honeybee colonies, Accessed March 1, 2021
	 https://www.hsph.harvard.edu/news/press-releases/study-strengthens-link-between-neonicotinoids-and-collapse-of-honey-bee-colonies/ 



89	 Aquaponics: Farming Fish, Growing Greens - Lesson 8: Our Modern Food System La
st

 U
pd

at
ed

: 0
4/

06
/2

02
6.

 ©
 2

02
6 

Ill
in

oi
s-

In
di

an
a 

Se
a 

G
ra

nt
. A

ll 
rig

ht
s 

re
se

rv
ed

.

La
st

 U
pd

at
ed

: 0
4/

06
/2

02
6.

 ©
 2

02
6 

Ill
in

oi
s-

In
di

an
a 

Se
a 

G
ra

nt
. A

ll 
rig

ht
s 

re
se

rv
ed

.
La

st
 U

pd
at

ed
: 0

4/
06

/2
02

6.
 ©

 2
02

6 
Ill

in
oi

s-
In

di
an

a 
Se

a 
G

ra
nt

. A
ll 

rig
ht

s 
re

se
rv

ed
.

ANSWER SHEET

Aquaponics: Farming 
Fish, Growing Greens

L E S S O N  0 8 
Our Modern Food System

Jigsaw Reading #4

Name 						      Date 		  Class Period 	

Instructions: As you read the passage below, circle words you don’t know and define them at the 
bottom. When you have finished reading, summarize what you read in one or two sentences. 

Food Deserts, Health Concerns, and Monocultures
Food deserts are areas with limited or no access to fresh produce, a key component to a healthy diet.5,6 Many 
chronic illnesses—such as obesity, diabetes, and cardiovascular diseases—are linked to diets high in sugar 
and unhealthy fats and low in fresh fruits and vegetables. However, in 2018, an estimated 200,000 people in 
the Indianapolis area were living in a food desert, as well as nearly 12 million people nationwide.7,8  This may 
seem bizarre, especially in Indiana, given that when you drive across the state, the vast majority of land seems 
to be dedicated to agriculture.

However, most agriculture in the upper Midwest—like in Iowa, Illinois, and Indiana—produces crops not for 
direct consumption, but rather for animal feed, processed foods, and biofuel. This results in acres of fields of 
either corn or soybeans, known as monocultures. Not only do these crops not provide much nutritional value 
to their communities, but they also can contribute to a number of environmental problems. 

First, as you’ve learned, plants require specific nutrients to thrive. By growing the same crop over and over 
again, the soil is drained of the same nutrients year after year and often requires heavy application of fertiliz-
ers. Second, monocultures are extremely vulnerable to pests. Without crop diversity, a single pest can estab-
lish and destroy hundreds of square miles. Thus, monocultures encourage the use of pesticides, which come 
with their own drawbacks. All this said, corn and soybeans are vital to the U.S. economy and to providing food 
on a global scale. But, like everything, it is obviously not without its problems. 
 
 

1.	 Summary Sentence: 

Growing the same crop year after year has its own set of challenges that include 
residents having limited access to healthy foods and more pollution caused by the 
increased use of pesticides.

2.	 Definitions:

Monoculture- the cultivation of a single crop in a given area

5	 Food Access Research, Accessed March 23, 2021 https://www.ers.usda.gov/data-products/food-access-research-atlas/
documentation/

6	 What are food deserts and how do they impact health?, Accessed March 2, 2021  
https://www.medicalnewstoday.com/articles/what-are-food-deserts#definition

7	 Estimated 200,000 Indy Residents Live in Food Deserts, Accessed March 2, 2021 https://www.savi.org/estimated-200000-indy-residents-live-
in-food-deserts/#:~:text=Using%20recent%2C%20local%20data%20to,areas%2C%20and%20the%20Far%20Eastside

8	 11 Facts about Food Deserts, Accessed March 2, 2021 https://www.dosomething.org/us/facts/11-facts-about-food-
deserts#:~:text=About%2023.5%20million%20people%20live,10%20miles%20from%20a%20supermarket
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ANSWER SHEET

Name 						      Date 		  Class Period 	

3.	 Your Food: Pick a food you’ve eaten in the last few days. Create a model of the steps that pro-
duced that food. Include as many steps as you can think of. If you’ve selected a meat, make sure 
to consider all the food production that went into creating the food for that animal.  

Answers will vary. Answers should include one food and supply chain steps. The supply 
chain should start with the farm and end with the buy/consumer.

Of course, in many ways, this process makes sense and is necessary. With a global population of 7.8 
billion that continues to grow, and many people living in dense cities with little to no growing space, 
we rely on a global food system and modern agriculture. It’s only been with modern inventions and 
technologies that feeding the entire world is even possible. For example, the Haber-Bosch pro-
cess, the chemical reaction that produces ammonia for fertilizers, is estimated to be responsible for 
feeding half the world’s population.9 In other words, we wouldn’t be able to feed ~4 billion people 
without that chemical innovation.   
 
However, there are many drawbacks to modern agricultural practices. The primary concern of “food 
politics” over the last few decades has been to keep the cost of food down. Of course, this is an 
important consideration. If no one can afford the food, then what’s the point of producing it? But the 
drive to keep food costs down comes with many negative repercussions. In the following readings, 
we will cover some of the major problems of modern agriculture and consider whether aquaponics 
or other technologies can offer solutions. 

9	 Haber-Bosch Process, Accessed February 26, 2021 - https://www.bbc.co.uk/programmes/p04f77rg
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Our Modern Food System

Name 						      Date 		  Class Period 	

Instructions: Answer the questions below. 

1.	 In the table below, summarize the problem presented by modern agriculture for each issue. Then brain-
storm with your group on how aquaponics systems could reduce the impact of these problems. 
 
Issue How Aquaponics Could Help

Water Usage: 

There is a limited amount of fresh water 
available on earth. Traditional agriculture 
does not use water sustainably because 60% 
of water becomes run-off. 

 Aquaponics recycles the water used and uses 
~10x less water than traditional agriculture. 
Fish are also produced, which provides a 
healthy source of meat for a low water cost. 

Fertilizers: 

To increase crop yield, fertilizers heavy in 
nitrogen and phosphorus are applied. This 
runs into water supplies and creates dead 
zones, which lower fish populations.  

Aquaponics uses fish waste as fertilizer, 
reducing the overall need for manufactured 
fertilizer. Furthermore, aquaponics farming is 
separate from the environment, so it doesn’t 
directly pollute water supplies.  

Pesticides: 

To increase crop yield, pesticides are applied. 
However, these chemicals often have 
unintended and unknown effects on beneficial 
organisms such as honeybees. 

Because most aquaponics farming is conducted 
indoors, there are generally fewer pests, 
which reduces the need for pesticides.  

Food Deserts:

Poor diets are the root cause of many chronic 
health disorders. Despite being in the middle 
of agricultural fields, a lot of people in the 
Midwest live in food deserts with little or no 
access to fresh produce. 

 Local aquaponics businesses could provide 
much-needed access to fresh produce in areas 
designated as food deserts. As they are run 
indoors, aquaponics farms can provide fresh 
produce in urban areas throughout the  
entire year.  
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ANSWER SHEET

2.	 What other advantages are offered by aquaponics?

	° Can be conducted year-round if done indoors 

	° Good educational tool and community resource 

	° Small systems can easily be kept at home, providing fresh herbs and produce 
year-round 

3.	 Compared to traditional agriculture that often relies on irrigation, how is aquaponics more efficient?

Aquaponics can significantly reduce daily freshwater requirements because of the 
efficient water cycles. 

4.	 What are some problems that aquaponics can’t solve? Do you think aquaponics could replace traditional 
agriculture?  

Aquaponics could not scale profitably to feed the world. Aquaponics comes with its own 
challenges and requires a lot of energy, especially in cold climates.  It is best used as a 
supplemental system to traditional agriculture.

5.	 What are some major conclusions you can draw about the global food system? 

When it comes to our food systems, we have a lot of considerations to balance as a 
society: the cost of production, nutritional value, water usage, and environmental 
impacts. This is all on top of simply trying to produce enough food to keep up with 
the growing global population. It should be clear to the students that every decision 
we make to alter the environment has more consequences than we usually intend or 
anticipate.  

6.	 How can aquaponics have a positive impact on urban and rural communities?

Aquaponics offers local and fresh food. People can buy high-quality fish and vegetables 
in their own community, which reduces transportation costs and other barriers.
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Our Modern Food System

Name 						      Date 		  Class Period 	

Introduction: Have you ever thought about how food gets to your plate? Every day, you (hopefully) 
eat three meals — where did all that food come from? The process through which food is grown, 
cultivated, processed, and transported to you is collectively called a food system, and our food 
system in America is pretty complicated. Not many of us grow our own vegetables or raise our own 
livestock; instead, we rely on a complex global system to supply our food. 
 
For example, think about eating an apple. That seems simple enough, right? Well, not exactly. That 
apple was grown, probably with fertilizers and pesticides (which required production and likely inter-
rupted the natural ecosystem), then the apple was harvested by an employee and packaged. (Keep 
in mind that many agricultural employees are migrant workers who are underpaid and work without 
benefits like healthcare.) Then the apple was coated with wax to ensure it maintained crispness as 
it was shipped across the country in an airplane or truck to your grocery store, where someone un-
packed it, and it was eventually sold to you. And that’s not taking any processing into account. This 
all gets a lot more complicated if you wanted to make applesauce with that apple.

Farm, Grower, 
Producer

Food  
Manufacturer, 

Bulk Shipper, or 
Processor

Foodservice 
Distributor

Retail  
Distributor

Restaurants

Grocery Stores

International  
Markets

Customers and 
Consumers

The Food Supply Chain

Grow Process and 
Package SellTransport Buy

The Food Supply Chain: A Gallon of Milk
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Figure courtesy of Illinois-Indiana Sea Grant, adapted from the National Center for Agricultural Literacy
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Jigsaw Reading #1

Name 						      Date 		  Class Period 	

Instructions: As you read the passage below, circle words you don’t know and define them at the 
bottom. When you have finished reading, summarize what you read in one or two sentences. 

Water Usage1

While it may seem like we have plenty of water on earth (after all, the earth’s surface is 71% water), only 3% of 
that is freshwater. And of that 3%, 83% is inaccessible as it is stored in glaciers. So, only 0.5% of the world’s 
water is fresh and accessible. This still amounts to a lot of water; however, the challenge is often in the redistri-
bution of freshwater and assuring access to everyone. Currently, 2.7 billion people face water scarcity at least 
one month out of the year.2

On average, agricultural practices account for ~33% of our freshwater usage in America and 70% globally. 
Of that water, approximately 60% drains into the environment and requires purification before it can be used 
again. Consequently, it is of the utmost importance that agricultural practices begin using water more sustain-
ably, especially as the world population continues to increase and with it, the demand for freshwater.

There are many ways to achieve this goal. First, we can adjust our methods. For example, because aquapon-
ics and hydroponics recycle water, these techniques use ~10x less water than traditional agricultural tech-
niques.3 Second, we can shift our diets away from water-intensive foods, particularly beef and pork products. 
For example, one hamburger requires 616 gallons of water to produce, most of which is used to grow the feed 
for the cattle. In contrast, two cups of broccoli only require 11 gallons of water. And if you don’t want to give up 
meat in your diet, one pound of seafood can be produced with one pound of soybean product whereas one 
pound of pork or beef requires 15-20 pounds of soybean product. That’s a lot of water and resources for one 
pound of meat! 
 
 

1.	 Summary Sentence:

 
 
 

2.	 Definitions:

1	 Water facts from USBR, Accessed February 28, 2021 https://www.usbr.gov/mp/arwec/water-facts-ww-water-sup.html
2	 Overview of Water Scarcity, Accessed February 28, 2021,  https://www.worldwildlife.org/threats/water-scarcity
3	 Hydroponics: A Better Way to Grow Food, Accessed February 28, 2021  https://www.nps.gov/articles/hydroponics.htm
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Aquaponics: Farming 
Fish, Growing Greens

L E S S O N  0 8 
Our Modern Food System

Jigsaw Reading #2

Name 						      Date 		  Class Period 	

Instructions: As you read the passage below, circle words you don’t know and define them at the 
bottom. When you have finished reading, summarize what you read in one or two sentences. 

Fertilizers
In the early 1800s, scientists discovered which elements were most essential to plant growth: nitrogen, phos-
phorus, and potassium. Later, fertilizer containing these elements was manufactured in the U.S. and Europe. 
Now, many farmers use chemical fertilizers with nitrates and phosphates because they greatly increase crop 
yields.

However, fertilizers have come with another set of problems. The heavy reliance on chemicals has disturbed 
the environment, often destroying helpful species of animals along with harmful ones. Chemical use in 
agriculture may also pose a health hazard to people, especially through contaminated water supplies. High 
nitrite and nitrate concentrations are common to agricultural areas and are associated with a number of health 
issues, particularly for fetuses.    

Nitrogen and phosphorus runoff from agricultural fields are some of the largest sources of pollution to coastal 
“dead zones” across the U.S. Perhaps the most infamous dead zone in the U.S. is an 8,500 square mile area 
(about the size of New Jersey) in the Gulf of Mexico, not far from where the nutrient-laden Mississippi River 
drains into the gulf. Farms throughout the Midwest drain into the Mississippi and contribute to this nutrient 
overload. (In Indiana, for example, most of our state drains to the Wabash River, then the Ohio, and ultimately 
the Mississippi.) The gulf area dead zone has created massive challenges for the region’s fishing industry that 
ripple throughout the economy. Low oxygen levels in the dead zone waters have led to reproductive prob-
lems for fish, leading to low spawning rates and egg counts. 
 
 

1.	 Summary Sentence:

 
 
 

2.	 Definitions:

 

This reading has direct excerpts from:  
National Geographic’s Resource Library, Accessed March 2, 2021
https://education.nationalgeographic.org/resource/the-art-and-science-of-agriculture/
Clear Choices, Clean Water Indiana, Accessed March 2, 2021 
https://indiana.clearchoicescleanwater.org/pledges/lawns/fertilizer-impacts/#void
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Aquaponics: Farming 
Fish, Growing Greens

L E S S O N  0 8 
Our Modern Food System

Jigsaw Reading #3

Name 						      Date 		  Class Period 	

Instructions: As you read the passage below, circle words you don’t know and define them at the 
bottom. When you have finished reading, summarize what you read in one or two sentences. 

Pesticides
Pesticides are chemicals or biological agents applied to crops to prevent damage caused by pests such as 
insects, weeds, or fungi. They have been incredibly important in maintaining high crop yields but have come 
with some disastrous environmental and health consequences.  

Generally, pesticides are developed to damage, incapacitate, or kill an unwanted organism. Thus, it doesn’t 
take much imagination to conclude that those chemicals could also be harmful to other beneficial organisms 
as well as to humans. In fact, many pesticides were developed from chemicals initially intended for chemical 
warfare. Over the years, scientists have discovered these drawbacks, which resulted in government regulation 
as well as continued research into effective but less toxic pesticides. However, it can be hard, if not impossi-
ble, to predict the long-term effects of a chemical in the environment.  

For example, entomologists have recently observed a drop in bee populations, often described as colony 
collapse disorder. While there are multiple contributors to this problem, scientists have identified neonicoti-
noids, a class of insecticides, as a potential cause. 4 The loss of bee populations has significant consequenc-
es. Honeybees are the natural pollinator for many plants, including agricultural crops like almond trees and 
blueberries. Without honeybees, the production of these crops would plummet, or plants would have to be 
pollinated by hand. However, neonicotinoids were initially considered safe and heavily used throughout the 
2000s. It wasn’t until 2006 that scientists began making a connection between neonicotinoids and decreas-
ing bee populations. Consequently, the U.S. and European governments have started regulating their usage, 
but it is unclear how long-lasting their impact will be. 
 
 

1.	 Summary Sentence: 

 
 

2.	 Definitions: 

4	 Study strengthens link between neonicotinoids and collapse of honeybee colonies, Accessed March 1, 2021
	 https://www.hsph.harvard.edu/news/press-releases/study-strengthens-link-between-neonicotinoids-and-collapse-of-honey-bee-colonies/ 
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Aquaponics: Farming 
Fish, Growing Greens

L E S S O N  0 8 
Our Modern Food System

Jigsaw Reading #4

Name 						      Date 		  Class Period 	

Instructions: As you read the passage below, circle words you don’t know and define them at the 
bottom. When you have finished reading, summarize what you read in one or two sentences. 

Food Deserts, Health Concerns, and Monocultures
Food deserts are areas with limited or no access to fresh produce, a key component to a healthy diet.5,6 Many 
chronic illnesses—such as obesity, diabetes, and cardiovascular diseases—are linked to diets high in sugar 
and unhealthy fats and low in fresh fruits and vegetables. However, in 2018, an estimated 200,000 people in 
the Indianapolis area were living in a food desert, as well as nearly 12 million people nationwide.7,8  This may 
seem bizarre, especially in Indiana, given that when you drive across the state, the vast majority of land seems 
to be dedicated to agriculture.

However, most agriculture in the upper Midwest—like in Iowa, Illinois, and Indiana—produces crops not for 
direct consumption, but rather for animal feed, processed foods, and biofuel. This results in acres of fields of 
either corn or soybeans, known as monocultures. Not only do these crops not provide much nutritional value 
to their communities, but they also can contribute to a number of environmental problems. 

First, as you’ve learned, plants require specific nutrients to thrive. By growing the same crop over and over 
again, the soil is drained of the same nutrients year after year and often requires heavy application of fertiliz-
ers. Second, monocultures are extremely vulnerable to pests. Without crop diversity, a single pest can estab-
lish and destroy hundreds of square miles. Thus, monocultures encourage the use of pesticides, which come 
with their own drawbacks. All this said, corn and soybeans are vital to the U.S. economy and to providing food 
on a global scale. But, like everything, it is obviously not without its problems. 
 
 

1.	 Summary Sentence: 

 
 

2.	 Definitions:

5	 Food Access Research, Accessed March 23, 2021 https://www.ers.usda.gov/data-products/food-access-research-atlas/
documentation/

6	 What are food deserts and how do they impact health?, Accessed March 2, 2021  
https://www.medicalnewstoday.com/articles/what-are-food-deserts#definition

7	 Estimated 200,000 Indy Residents Live in Food Deserts, Accessed March 2, 2021 https://www.savi.org/estimated-200000-indy-residents-live-
in-food-deserts/#:~:text=Using%20recent%2C%20local%20data%20to,areas%2C%20and%20the%20Far%20Eastside

8	 11 Facts about Food Deserts, Accessed March 2, 2021 https://www.dosomething.org/us/facts/11-facts-about-food-
deserts#:~:text=About%2023.5%20million%20people%20live,10%20miles%20from%20a%20supermarket
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Name 						      Date 		  Class Period 	

3.	 Your Food: Pick a food you’ve eaten in the last few days. Create a model of the steps that pro-
duced that food. Include as many steps as you can think of. If you’ve selected a meat, make sure 
to consider all the food production that went into creating the food for that animal.  

 

Of course, in many ways, this process makes sense and is necessary. With a global population of 7.8 
billion that continues to grow, and many people living in dense cities with little to no growing space, 
we rely on a global food system and modern agriculture. It’s only been with modern inventions and 
technologies that feeding the entire world is even possible. For example, the Haber-Bosch pro-
cess, the chemical reaction that produces ammonia for fertilizers, is estimated to be responsible for 
feeding half the world’s population.9 In other words, we wouldn’t be able to feed ~4 billion people 
without that chemical innovation.   
 
However, there are many drawbacks to modern agricultural practices. The primary concern of “food 
politics” over the last few decades has been to keep the cost of food down. Of course, this is an 
important consideration. If no one can afford the food, then what’s the point of producing it? But the 
drive to keep food costs down comes with many negative repercussions. In the following readings, 
we will cover some of the major problems of modern agriculture and consider whether aquaponics 
or other technologies can offer solutions. 

9	 Haber-Bosch Process, Accessed February 26, 2021 - https://www.bbc.co.uk/programmes/p04f77rg
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Aquaponics: Farming 
Fish, Growing Greens

L E S S O N  0 8 
Our Modern Food System

Our Modern Food System

Name 						      Date 		  Class Period 	

Instructions: Answer the questions below. 

1.	 In the table below, summarize the problem presented by modern agriculture for each issue. Then brain-
storm with your group on how aquaponics systems could reduce the impact of these problems. 
 
Issue How Aquaponics Could Help

Water Usage: 

Fertilizers: 

Pesticides: 

Food Deserts:
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2.	 What other advantages are offered by aquaponics?

 
 
 
 

3.	 Compared to traditional agriculture that often relies on irrigation, how is aquaponics more efficient?

 
 

4.	 What are some problems that aquaponics can’t solve? Do you think aquaponics could replace traditional 
agriculture?  

 
 

5.	 What are some major conclusions you can draw about the global food system? 

 
 
 
 
 
  

6.	 How can aquaponics have a positive impact on urban and rural communities?
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L E S S O N  0 9

Troubleshooting Water Quality Challenges

Time to Complete
2–3 CLASS PERIODS

(Depending on the assignment type).

PREPARATION

Prerequisite Knowledge
Safe water quality levels for 
the system

Procedures for testing 
common water quality 
levels (DO, pH, temperature, 
ammonia, nitrate, nitrite)

Vocabulary
Aphid

 Learning Objectives:

	Î Students will conduct investigations and obtain information 
through research to generate a class guidebook for fixing 
common problems encountered in an aquaponics system. 

 NGSS Alignment

HS-ETS1-3. Evaluate a solution to a complex real-world problem 
based on prioritized criteria and trade-offs that 
account for a range of constraints, including cost, 
safety, reliability, and aesthetics as well as possible 
social, cultural, and environmental impacts.

 Prep Work

	☐ Print copies of the worksheets for students. 

	☐ Worksheet: Aquaponics Troubleshooting  
(10 separate scenarios)

	☐ Answer key at the end of this lesson plan

	☐ Decide in advance if you want to require students to create 
short presentations to share with the class (optional assignment 
details below). This may require extra prep work.

Lesson Overview

1.	 Hand out the Aquaponics Troubleshooting scenarios. Each 
student will receive 1 of 10 scenarios in which the aquaponics 
system is not thriving. 

2.	 Students will use the curriculum’s resources, as well as online 
research, to diagnose the problem, request further information, 
and propose solutions. The students should act as if they have 
all possible resources to fix their system. When compiled, the in-
formation from students’ troubleshooting worksheets will create 
a guidebook for how to fix common problems in an aquaponics 
system.

3.	 Students can be instructed to do a peer review of each other’s 



104 La
st

 U
pd

at
ed

: 0
4/

06
/2

02
6.

 ©
 2

02
6 

Ill
in

oi
s-

In
di

an
a 

Se
a 

G
ra

nt
. A

ll 
rig

ht
s 

re
se

rv
ed

.

104	 Aquaponics: Farming Fish, Growing Greens - Lesson 9: Troubleshooting Water Quality Challenges La
st

 U
pd

at
ed

: 0
4/

06
/2

02
6.

 ©
 2

02
6 

Ill
in

oi
s-

In
di

an
a 

Se
a 

G
ra

nt
. A

ll 
rig

ht
s 

re
se

rv
ed

.

troubleshooting worksheets. Then, work together as a class to compile the best parts of each other’s 
troubleshooting worksheets to create an ultimate master guide that can be shared with other science 
classes. Sharing the guidebook with other classes will allow more students to help care for the aquapon-
ics system. 

4.	 As these scenarios or other problems are encountered in the system, a new guidebook page should be 
added.  Include pictures of the problems, how long the problem persisted, and how it was resolved.  

Additional Information

The difficulty of the scenarios varies significantly. Scenarios 2, 3, 4, and 6 require research outside of the 
curriculum as well as more complex problem solving. Scenarios 1, 5, 7, 8, 9, and 10 are relatively straightfor-
ward and can be answered using the material provided in the slide decks. Most problems have a “quick fix” 
solution. For example, in Scenario 1, the high nitrate concentration can be solved by a water change. However, 
students should also provide a long-term solution and consider the underlying cause. In this case, the plant-
to-fish ratio is off and needs to be adjusted. 

Optional Assignment

In addition to completing the worksheet, this project offers a good opportunity for short student presentations. 
Student groups would make a few slides and present the problem and solution(s) to their classmates.  The 
class would then discuss the proposed solutions and any other possible underlying causes.  
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ANSWER SHEET

Aquaponics: Farming 
Fish, Growing Greens

L E S S O N  0 9 
Troubleshooting Water Quality Challenges

Aquaponics Troubleshooting: Scenario 1

Name 						      Date 		  Class Period 	

Instructions: Read the scenario below in which the system is not thriving. Use what you have 
learned in class to determine if you have enough information to propose what the issue is and come 
up with potential short and long-term solutions. If not, do online research to collect the additional 
information required to answer the questions.

Scenario 1: 
You test the water nitrogen levels, and these are your results:
Ammonia: 0 ppm 
Nitrite: 0 ppm 
Nitrate: 120 ppm

1.	 Proposed issue(s):

The nitrate levels are too high in the system. The recommended level is ~ 20-50 
ppm.  The ratio of fish to plants is likely off in the system. Either there are too 
many fish (or they’re being fed too much) or there are not enough plants. The 
ammonia and nitrite levels indicate that there are healthy levels of bacteria in  
the system.

2.	 Further information/testing/data needed:

No further testing is required.

3.	 Proposed solution(s):

Short-term solution: Do a partial water change (safely) to temporarily reduce the 
nitrate concentration.  
 
Long-term solution: If more plants can be added to the system, add plants.  If this 
is not an option, reduce the number of fish, or if advisable, the amount of food the 
fish are receiving.



106 La
st

 U
pd

at
ed

: 0
4/

06
/2

02
6.

 ©
 2

02
6 

Ill
in

oi
s-

In
di

an
a 

Se
a 

G
ra

nt
. A

ll 
rig

ht
s 

re
se

rv
ed

.

106	 Aquaponics: Farming Fish, Growing Greens - Lesson 9: Troubleshooting Water Quality Challenges106 La
st

 U
pd

at
ed

: 0
4/

06
/2

02
6.

 ©
 2

02
6 

Ill
in

oi
s-

In
di

an
a 

Se
a 

G
ra

nt
. A

ll 
rig

ht
s 

re
se

rv
ed

.

106	 Aquaponics: Farming Fish, Growing Greens - Lesson 9: Troubleshooting Water Quality Challenges

ANSWER SHEET

Aquaponics: Farming 
Fish, Growing Greens

L E S S O N  0 9 
Troubleshooting Water Quality Challenges

Aquaponics Troubleshooting: Scenario 2

Name 						      Date 		  Class Period 	

Instructions: Read the scenario below in which the system is not thriving. Use what you have 
learned in class to determine if you have enough information to propose what the issue is and come 
up with potential short and long-term solutions. If not, do online research to collect the additional 
information required to answer the questions.

Scenario 2: 
Older tomato plant leaves are yellowing, edges are scorched, and the plant appears limp.
You test the water nitrogen levels, and these are your results: 
Ammonia: 0 ppm 
Nitrite: 0 ppm 
Nitrate: 15 ppm 

1.	 Proposed issue(s):

Potassium deficiency. 

2.	 Further information/testing/data needed:

A potassium level test should be completed. While the plant description matches 
potassium deficiency (and the nitrate levels are fine), and this is common in tomato 
plants, confirmation of low potassium levels in the system would be useful.  

It may also be useful to test calcium levels. If calcium is high, it can reduce 
potassium uptake.  
 
Lastly, a pH test would be useful to confirm that the plants can absorb potassium 
efficiently. 

3.	 Proposed solution(s):

If the tests come back and point to potassium deficiency, spray the leaves with a 
potassium chloride solution or add potassium hydroxide to the water. 
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ANSWER SHEET

Aquaponics: Farming 
Fish, Growing Greens

L E S S O N  0 9 
Troubleshooting Water Quality Challenges

Aquaponics Troubleshooting: Scenario 3

Name 						      Date 		  Class Period 	

Instructions: Read the scenario below in which the system is not thriving. Use what you have 
learned in class to determine if you have enough information to propose what the issue is and come 
up with potential short and long-term solutions. If not, do online research to collect the additional 
information required to answer the questions.

Scenario 3: 
Algae is all over your fish tank and biofilter. 

1.	 Proposed issue(s):

There is too much algae in the system, which could cause oxygen depletion or swings in 
the pH. 

2.	 Further information/testing/data needed:

Need to know if phosphorus was recently added to the system (high phosphorus 
concentrations result in algae growth). 

3.	 Proposed solution(s):

Clean the tank and reduce the light where algae is growing (cover the fish tank 
with a tarp to block light - this won’t disrupt your fish or bacteria) and wait to add 
phosphorus until algae is under control. If the problem doesn’t resolve by reducing 
the light, consider adding mechanical filtration to the system.
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ANSWER SHEET

Aquaponics: Farming 
Fish, Growing Greens

L E S S O N  0 9 
Troubleshooting Water Quality Challenges

Aquaponics Troubleshooting: Scenario 4

Name 						      Date 		  Class Period 	

Instructions: Read the scenario below in which the system is not thriving. Use what you have 
learned in class to determine if you have enough information to propose what the issue is and come 
up with potential short and long-term solutions. If not, do online research to collect the additional 
information required to answer the questions.

Scenario 4: 
You find a dead fish in your tank. 

1.	 Proposed issue(s):

One or more water quality parameters could be out of range creating an unsafe 
environment for the fish. Another possibility may be illness or injury.

2.	 Further information/testing/data needed:

Remove the fish from the tank ASAP and examine the body for any signs of disease 
or exterior damage from other fish (check if your fish are known to be cannibals at 
high stocking densities).  

Observe your other fish for lethargic behavior.
Check the ammonia, nitrite, pH, and oxygen levels. 

3.	 Proposed solution(s):

The fish may have died from natural causes, in which case no changes are needed.
Reduce the stocking density if death appeared to be related to aggressive or 
cannibalistic behavior.  

If ammonia/nitrite levels are high, reduce the levels immediately with a safe partial 
water change. Reduce feeding and add more surface area to increase biofiltration. 
If oxygen levels are low, consider adding another airstone or check for algal growth.
If the pH is off, you may need to move your fish to a quarantine tank while your 
system equilibrates or you make chemical changes.
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ANSWER SHEET

Aquaponics: Farming 
Fish, Growing Greens

L E S S O N  0 9 
Troubleshooting Water Quality Challenges

Aquaponics Troubleshooting: Scenario 5

Name 						      Date 		  Class Period 	

Instructions: Read the scenario below in which the system is not thriving. Use what you have 
learned in class to determine if you have enough information to propose what the issue is and come 
up with potential short and long-term solutions. If not, do online research to collect the additional 
information required to answer the questions.

Scenario 5: 
You test the water nitrogen levels, and these are your results:
Ammonia: 0 ppm 
Nitrite: 2 ppm 
Nitrate: 5 ppm 
A week ago, ammonia and nitrite were 0 ppm and nitrate was 15 ppm. However, since it’s the begin-
ning of winter, you note that the temperature in school is noticeably colder.

1.	 Proposed issue(s):

Nitrite levels are too high for the system. Fish are in danger. The Nitrobacter 
population or their activity likely fell with the cold temperatures. 

2.	 Further information/testing/data needed:

Check the pH, dissolved oxygen, and water temperature and research environmental 
conditions that result in decreased bacteria activity. 

3.	 Proposed solution(s):

Immediately reduce the concentration of nitrite with a safe partial water change 
(may need to quarantine your fish). 

Increase the temperature of the room if possible. 

Add more surface area to your system to increase the population of the Nitrobacter, 
or immediately increase the population by adding a solution of bacteria. 
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ANSWER SHEET
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L E S S O N  0 9 
Troubleshooting Water Quality Challenges

Aquaponics Troubleshooting: Scenario 6

Name 						      Date 		  Class Period 	

Instructions: Read the scenario below in which the system is not thriving. Use what you have 
learned in class to determine if you have enough information to propose what the issue is and come 
up with potential short and long-term solutions. If not, do online research to collect the additional 
information required to answer the questions.

Scenario 6: 
You notice aphids on some of your plants. 

1.	 Proposed issue(s): (First, what are aphids?)

Aphids are small, sap-sucking insects that are common pests in aquaponics systems. 
They collect on the stems of plants and are typically small and yellow.  

Aphids are harmful to plants. They suck the juices from leaves and stems damaging 
plant parts. Aphid infestation can lead to stunted growth, attract ants, and provide 
food for fungus.

2.	 Further information/testing/data needed:

No testing is required. Research safe solutions for getting rid of aphids.

3.	 Proposed solution(s):

Solutions should be natural—avoid the use of pesticides as the lack of pesticide use 
is a huge benefit of aquaponic systems. A concentrated garlic spray can be made 
and used to repel the aphids. If this doesn’t work, ladybugs—which are natural 
predators of aphids—can be purchased and released on the system. This is a good 
example of biological control. 
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ANSWER SHEET

Aquaponics: Farming 
Fish, Growing Greens

L E S S O N  0 9 
Troubleshooting Water Quality Challenges

Aquaponics Troubleshooting: Scenario 7

Name 						      Date 		  Class Period 	

Instructions: Read the scenario below in which the system is not thriving. Use what you have 
learned in class to determine if you have enough information to propose what the issue is and come 
up with potential short and long-term solutions. If not, do online research to collect the additional 
information required to answer the questions.

Scenario 7: 
You notice paleness and yellowing in new growth.  
You test your nitrogen levels, and these are your results:
Ammonia: 0 ppm 
Nitrite: 0 ppm 
Nitrate: 10 ppm 

1.	 Proposed issue(s):

The plant description suggests an iron deficiency. 

2.	 Further information/testing/data needed:

Would be helpful to know what type of plants are affected to see if they are 
commonly iron deficient.  

Measure the iron levels in the system.  

Test the pH of the system to make sure that iron can be absorbed at that pH level. 

3.	 Proposed solution(s):

If the further testing indicates an iron deficiency, add iron chelate in the form of 
Fe-DTPA. You’ll need to carefully calculate the amount of iron to add to the system. 
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ANSWER SHEET

Aquaponics: Farming 
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L E S S O N  0 9 
Troubleshooting Water Quality Challenges

Aquaponics Troubleshooting: Scenario 8

Name 						      Date 		  Class Period 	

Instructions: Read the scenario below in which the system is not thriving. Use what you have 
learned in class to determine if you have enough information to propose what the issue is and come 
up with potential short and long-term solutions. If not, do online research to collect the additional 
information required to answer the questions.

Scenario 8: 
You notice full yellowing in older plant leaves.  
You test your nitrogen levels, and these are your results:
Ammonia: 0 ppm 
Nitrite: 0 ppm 
Nitrate: 0 ppm 

1.	 Proposed issue(s):

Plants are showing a nitrogen deficiency. 

2.	 Further information/testing/data needed:

Need to know why there is a nitrogen deficiency now. Were more plants recently 
added? Were the number of fish reduced?  
 
Test pH to make sure it’s within a normal range for nitrogen absorption. 

3.	 Proposed solution(s):

If safe, add more fish or increase the amount of fish food. If this isn’t a viable 
option, reduce the number of plants in the system. If you prefer to do neither, you 
may need to add more nitrogen to the system (although, this sort of defeats the 
purpose of aquaponics). 

If the pH is so far off as to interrupt nitrogen absorption, there are likely many 
other problems, and the pH needs to be adjusted ASAP. 
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Troubleshooting Water Quality Challenges

Aquaponics Troubleshooting: Scenario 9

Name 						      Date 		  Class Period 	

Instructions: Read the scenario below in which the system is not thriving. Use what you have 
learned in class to determine if you have enough information to propose what the issue is and come 
up with potential short and long-term solutions. If not, do online research to collect the additional 
information required to answer the questions.

Scenario 9: 
You notice brown discoloration on your fish as well as frayed fins.  
You haven’t checked the nitrogen levels in over a week. 

1.	 Proposed issue(s):

The description of the fish suggests ammonia burns. 

2.	 Further information/testing/data needed:

Test nitrogen levels ASAP.  

Were there any changes made recently to the system? Why might the ammonia levels 
be high? 

3.	 Proposed solution(s):

If the ammonia is high in the system, a safe partial water change should be done 
immediately to drop the concentration of ammonia. May need to quarantine fish and 
treat with antibiotic solution.

The long-term solution is to pinpoint why the ammonia is high and fix the  
underlying problem. 

	° If more fish were added recently, increase the biofilter by adding more surface 
area for bacteria to grow on. 

	° Was there a drop in temperature or pH that may have affected the 
Nitrosomonas? Readjust the temperature or pH. To expedite the process, you 
could add more Nitrosomonas to try to rectify the problem immediately. 
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ANSWER SHEET

Aquaponics: Farming 
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L E S S O N  0 9 
Troubleshooting Water Quality Challenges

Aquaponics Troubleshooting: Scenario 10

Name 						      Date 		  Class Period 	

Instructions: Read the scenario below in which the system is not thriving. Use what you have 
learned in class to determine if you have enough information to propose what the issue is and come 
up with potential short and long-term solutions. If not, do online research to collect the additional 
information required to answer the questions.

Scenario 10: 
Your fish are gulping air at the surface of your tank.

1.	 Proposed issue(s):

The fish behavior suggests a low dissolved oxygen content. 

2.	 Further information/testing/data needed:

Need to know the dissolved oxygen content. If it’s below 4 mg/L, the oxygen content 
should be increased. 

Has anything changed recently in the system? Have the fish been overfed? Is algae 
growing? Is the temperature increased? Are there more fish? 

3.	 Proposed solution(s):

Short-term solution: Add an additional airstone to the system. 
 
Long-term solution: Determine why the dissolved oxygen is low. If something changed 
in the system to warrant a decrease in oxygen (e.g., an increase of fish), then an 
additional airstone can be the long-term solution. However, if there was no change in 
the system, the other issues need to be investigated. 
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L E S S O N  0 9 
Troubleshooting Water Quality Challenges

Aquaponics Troubleshooting: Scenario 1

Name 						      Date 		  Class Period 	

Instructions: Read the scenario below in which the system is not thriving. Use what you have 
learned in class to determine if you have enough information to propose what the issue is and come 
up with potential short and long-term solutions. If not, do online research to collect the additional 
information required to answer the questions.

Scenario 1: 
You test the water nitrogen levels, and these are your results:
Ammonia: 0 ppm 
Nitrite: 0 ppm 
Nitrate: 120 ppm

1.	 Proposed issue(s):

 
 
 
 
 

2.	 Further information/testing/data needed:

 

3.	 Proposed solution(s):
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Aquaponics Troubleshooting: Scenario 2

Name 						      Date 		  Class Period 	

Instructions: Read the scenario below in which the system is not thriving. Use what you have 
learned in class to determine if you have enough information to propose what the issue is and come 
up with potential short and long-term solutions. If not, do online research to collect the additional 
information required to answer the questions.

Scenario 2: 
Older tomato plant leaves are yellowing, edges are scorched, and the plant appears limp.
You test the water nitrogen levels, and these are your results: 
Ammonia: 0 ppm 
Nitrite: 0 ppm 
Nitrate: 15 ppm 

1.	 Proposed issue(s):

 

2.	 Further information/testing/data needed:

 
 
 

 
 
 
 
 

3.	 Proposed solution(s):
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L E S S O N  0 9 
Troubleshooting Water Quality Challenges

Aquaponics Troubleshooting: Scenario 3

Name 						      Date 		  Class Period 	

Instructions: Read the scenario below in which the system is not thriving. Use what you have 
learned in class to determine if you have enough information to propose what the issue is and come 
up with potential short and long-term solutions. If not, do online research to collect the additional 
information required to answer the questions.

Scenario 3: 
Algae is all over your fish tank and biofilter. 

1.	 Proposed issue(s):

 
 

2.	 Further information/testing/data needed:

 
 

3.	 Proposed solution(s):
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Aquaponics Troubleshooting: Scenario 4

Name 						      Date 		  Class Period 	

Instructions: Read the scenario below in which the system is not thriving. Use what you have 
learned in class to determine if you have enough information to propose what the issue is and come 
up with potential short and long-term solutions. If not, do online research to collect the additional 
information required to answer the questions.

Scenario 4: 
You find a dead fish in your tank. 

1.	 Proposed issue(s):

 
 

2.	 Further information/testing/data needed:

 
 
 

 
 

3.	 Proposed solution(s):
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Aquaponics Troubleshooting: Scenario 5

Name 						      Date 		  Class Period 	

Instructions: Read the scenario below in which the system is not thriving. Use what you have 
learned in class to determine if you have enough information to propose what the issue is and come 
up with potential short and long-term solutions. If not, do online research to collect the additional 
information required to answer the questions.

Scenario 5: 
You test the water nitrogen levels, and these are your results:
Ammonia: 0 ppm 
Nitrite: 2 ppm 
Nitrate: 5 ppm 
A week ago, ammonia and nitrite were 0 ppm and nitrate was 15 ppm. However, since it’s the begin-
ning of winter, you note that the temperature in school is noticeably colder.

1.	 Proposed issue(s):

 
 

2.	 Further information/testing/data needed:

 
 

3.	 Proposed solution(s):
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Troubleshooting Water Quality Challenges

Aquaponics Troubleshooting: Scenario 6

Name 						      Date 		  Class Period 	

Instructions: Read the scenario below in which the system is not thriving. Use what you have 
learned in class to determine if you have enough information to propose what the issue is and come 
up with potential short and long-term solutions. If not, do online research to collect the additional 
information required to answer the questions.

Scenario 6: 
You notice aphids on some of your plants. 

1.	 Proposed issue(s): (First, what are aphids?)

 
 

 
 
 

2.	 Further information/testing/data needed:

 

3.	 Proposed solution(s):
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Aquaponics Troubleshooting: Scenario 7

Name 						      Date 		  Class Period 	

Instructions: Read the scenario below in which the system is not thriving. Use what you have 
learned in class to determine if you have enough information to propose what the issue is and come 
up with potential short and long-term solutions. If not, do online research to collect the additional 
information required to answer the questions.

Scenario 7: 
You notice paleness and yellowing in new growth.  
You test your nitrogen levels, and these are your results:
Ammonia: 0 ppm 
Nitrite: 0 ppm 
Nitrate: 10 ppm 

1.	 Proposed issue(s):

 

2.	 Further information/testing/data needed:

 
 

 

 

3.	 Proposed solution(s):
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Aquaponics Troubleshooting: Scenario 8

Name 						      Date 		  Class Period 	

Instructions: Read the scenario below in which the system is not thriving. Use what you have 
learned in class to determine if you have enough information to propose what the issue is and come 
up with potential short and long-term solutions. If not, do online research to collect the additional 
information required to answer the questions.

Scenario 8: 
You notice full yellowing in older plant leaves.  
You test your nitrogen levels, and these are your results:
Ammonia: 0 ppm 
Nitrite: 0 ppm 
Nitrate: 0 ppm 

1.	 Proposed issue(s):

 

2.	 Further information/testing/data needed:

 
 
 
 

3.	 Proposed solution(s):
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Aquaponics: Farming 
Fish, Growing Greens

L E S S O N  0 9 
Troubleshooting Water Quality Challenges

Aquaponics Troubleshooting: Scenario 9

Name 						      Date 		  Class Period 	

Instructions: Read the scenario below in which the system is not thriving. Use what you have 
learned in class to determine if you have enough information to propose what the issue is and come 
up with potential short and long-term solutions. If not, do online research to collect the additional 
information required to answer the questions.

Scenario 9: 
You notice brown discoloration on your fish as well as frayed fins.  
You haven’t checked the nitrogen levels in over a week. 

1.	 Proposed issue(s):

 

2.	 Further information/testing/data needed:

 

 
 

3.	 Proposed solution(s):
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Aquaponics: Farming 
Fish, Growing Greens

L E S S O N  0 9 
Troubleshooting Water Quality Challenges

Aquaponics Troubleshooting: Scenario 10

Name 						      Date 		  Class Period 	

Instructions: Read the scenario below in which the system is not thriving. Use what you have 
learned in class to determine if you have enough information to propose what the issue is and come 
up with potential short and long-term solutions. If not, do online research to collect the additional 
information required to answer the questions.

Scenario 10: 
Your fish are gulping air at the surface of your tank.

1.	 Proposed issue(s):

 

2.	 Further information/testing/data needed:

 
 

 
 

3.	 Proposed solution(s):
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L E S S O N  1 0

Building an Aquaponics Business

Time to Complete
4–5 CLASS PERIODS

(Depending on the assessment style).

PREPARATION

Prerequisite Knowledge
None

Vocabulary
None

 Learning Objectives:

	Î Students will synthesize all they have learned throughout the 
curriculum to develop a model of an aquaponics business plan.  

	Î For their model, students will select plants and fish that meet 
their business goals and are scientifically compatible.  

	Î Students will estimate the cost and revenue of their aquaponics 
business.

 NGSS Alignment

HS-ETS1-3. Evaluate a solution to a complex real-world problem 
based on prioritized criteria and trade-offs that 
account for a range of constraints, including cost, 
safety, reliability, and aesthetics as well as possible 
social, cultural, and environmental impacts.

 Prep Work

	☐ Provide copies of the worksheet Aquaponics Business 
Challenge for students. 

	☐ Provide copies of the spreadsheet guides for students, either 
electronically or printed. 

	☐ Common Plants and Fish in Aquaponics

	☐ Aquaponics Cost & Revenue Analysis

	☐ Decide in advance which assessment style choice(s) you will 
offer students. Each style may require extra prep work.

Lesson Overview

1.	 Using the Common Plants and Fish in Aquaponics spreadsheet 
and the Aquaponics Cost & Revenue Analysis spreadsheet, 
students will work together in groups to build an aquaponics 
business plan. This is a great project for students to flex their 
creativity as well as their business savvy. Encourage students to 
be as detailed as possible in their business designs. 
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	• Assessment options:

	| Worksheet: Students will complete the Aquaponics Business Challenge assignment sheet.

	| PowerPoint presentation: Students will present their business plan to the class. Bring in other 
teachers and administrators to act as judges to elevate the stakes of the assignment.

	| Sales pitch presentation: For a fun twist, set up the format of the presentation using a model similar 
to the TV show Shark Tank™. In this exercise, students will pitch their ideas to possible investors. 
Bring in other teachers, administrators, and/or local business leaders to play the role of investors. 
 
(Note: Shark Tank™ is a trademark of Sony Pictures Television Inc. This activity is not affiliated with 
or endorsed by Shark Tank™.)

2.	 There is a short slide deck to introduce the project, which includes an 11-minute video on Bowery Farming. 
Bowery Farming (https://bowery.co/) is a hydroponic vertical farm on the east coast. The video reinforces the 
science students have learned over the course of the curriculum (minus the fish component) and provides 
an example of a beautiful, thriving alternative to traditional agriculture. 

3.	 Next, students should split into groups of 2–3 and begin planning their business. The spreadsheet guides 
provide approximate data for a handful of common plants and fish raised in aquaponics. If your students 
would like to research other options (e.g., different fish, cheaper source of food, more efficient light 
fixtures), encourage them to do so. However, for students who may be less enthused about additional 
research, the guides provide enough information for them to complete the assignment.

Additional Information

To estimate the cost and income for the fish and plants in their system, students will need to calculate the 
number of fish and plants they can harvest per year for their selections. 
 
For example, if a group chose to only grow basil in a large system, they would first need to calculate how 
many basil plants they could grow in that year:
Total basil plants per year = 1,500×365/50=~10,950

Thus, the total cost would be:
Total cost of basil seeds per year = 10,950×$0.02=$219 

And the total income would be:
Total income of basil per year = 10,950×$7=$76,650

These are rough estimates, of course, and there are many unconsidered factors. For example, students 
should point out that the cost of the water itself, extra nutrients, and additional nutrient tests are not included. 
The cost of renting/owning the space is also not considered, or how much they would pay themselves and 
their employees. It’s also unclear whether there would be enough local demand for basil to justify growing so 
much. In other words, students could suggest doing some market research as part of their business proposal. 
There will be some holes in the final business plans, but the goal is to get students excited about aquaponics 
and provide a creative outlet to use the knowledge they’ve learned throughout the curriculum.
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ANSWER SHEET

Aquaponics: Farming 
Fish, Growing Greens

L E S S O N  1 0 
Building an Aquaponics Business

Building an Aquaponics Business

Name 						      Date 		  Class Period 	

Instructions: Read each prompt and answer the questions below.

1.	 Proposal: Imagine you are starting an aquaponics business, and you require investors to get your busi-
ness started. Use the space below to write a proposal to persuade them to invest in your company. Start 
by determining the purpose and goals of your aquaponics system. Is it for profit? Is it for educational pur-
poses? What community will it serve, and why would it be important for that community? Where will it be 
built? How will the size of the system as well as the fish and plants in your system meet these goals? Your 
selected fish and plants must be compatible; include the information necessary to confirm your system 
is viable (see the spreadsheet on common plants and fish in aquaponics systems). Include the projected 
revenue for your system. If it is negative, justify why your system should be subsidized by the community. 

A number of answers are possible
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ANSWER SHEET

2.	 Economic Plan: Using the information provided in the spreadsheets, use the sections below to calculate 
the start-up costs, annual operating costs, and annual income for your proposed business. If you have 
decided to grow plants or raise fish that are not on these spreadsheets, complete the research necessary 
to calculate their cost and income.

A number of answers are possible 
 
 

3.	 Start-up Cost: What size system did you select?

A number of answers are possible 
 
 

4.	 Energy Cost: Show your calculation for the annual energy cost for your selected system. Enter this value 
into your spreadsheet.

A number of answers are possible 
 
 

5.	 Plant Cost: Show your calculation for the annual cost of plants in your system. Enter this value into your 
spreadsheet. 

A number of answers are possible 
 
 

6.	 Plant Income: Show your calculation for the annual income from the plants in your system. Make sure to 
account for the growing time and number of harvests. Enter this value into your spreadsheet. 

A number of answers are possible 
 
 

7.	 Fish Cost: Show your calculation for the annual cost of the fish in your system. You will need to calculate 
how many of your selected fish can live in your selected system. Enter this value into your spreadsheet. 

A number of answers are possible 
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ANSWER SHEET

8.	 Fish Income: Show your calculation for the annual income of the fish in your system. You will need to 
consider how often you can harvest your fish. Enter this value into your spreadsheet.

A number of answers are possible 
 

9.	 What is your estimated annual revenue for the first year of business?

A number of answers are possible 
 
 
 

10.	 How would your annual revenue change in the second year, and why?

A number of answers are possible 
 
 
 

11.	 What costs and sources of income are we ignoring? 

A number of answers are possible 
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LESSON WORKSHEETS
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Aquaponics: Farming 
Fish, Growing Greens

L E S S O N  1 0 
Building an Aquaponics Business

Building an Aquaponics Business

Name 						      Date 		  Class Period 	

Instructions: Read each prompt and answer the questions below.

1.	 Proposal: Imagine you are starting an aquaponics business, and you require investors to get your busi-
ness started. Use the space below to write a proposal to persuade them to invest in your company. Start 
by determining the purpose and goals of your aquaponics system. Is it for profit? Is it for educational pur-
poses? What community will it serve, and why would it be important for that community? Where will it be 
built? How will the size of the system as well as the fish and plants in your system meet these goals? Your 
selected fish and plants must be compatible; include the information necessary to confirm your system 
is viable (see the spreadsheet on common plants and fish in aquaponics systems). Include the projected 
revenue for your system. If it is negative, justify why your system should be subsidized by the community. 
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2.	 Economic Plan: Using the information provided in the spreadsheets, use the sections below to calculate 
the start-up costs, annual operating costs, and annual income for your proposed business. If you have 
decided to grow plants or raise fish that are not on these spreadsheets, complete the research necessary 
to calculate their cost and income.

  
 
 

3.	 Start-up Cost: What size system did you select?

 
 
 

4.	 Energy Cost: Show your calculation for the annual energy cost for your selected system. Enter this value 
into your spreadsheet.

  
 
 

5.	 Plant Cost: Show your calculation for the annual cost of plants in your system. Enter this value into your 
spreadsheet. 

 
 
 

6.	 Plant Income: Show your calculation for the annual income from the plants in your system. Make sure to 
account for the growing time and number of harvests. Enter this value into your spreadsheet. 

 
 
 

7.	 Fish Cost: Show your calculation for the annual cost of the fish in your system. You will need to calculate 
how many of your selected fish can live in your selected system. Enter this value into your spreadsheet. 
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8.	 Fish Income: Show your calculation for the annual income of the fish in your system. You will need to 
consider how often you can harvest your fish. Enter this value into your spreadsheet.

 
 

9.	 What is your estimated annual revenue for the first year of business?

 
 
 
 

10.	 How would your annual revenue change in the second year, and why?

 
 
 
 

11.	 What costs and sources of income are we ignoring? 
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Appendix: Standards and Alignment

Lesson 01: Introduction to Aquaponics
 NGSS Alignment 1

HS-ETS1-3. Evaluate a solution to a complex real-world problem based on prioritized criteria and trade-offs 
that account for a range of constraints, including cost, safety, reliability, and aesthetics as well as 
possible social, cultural, and environmental impacts.

 Additional NGSS Alignment

SEP: Science &  
Engineering Practices DCI: Disciplinary Core Ideas CCC: Crosscutting Concepts

Developing and Using Models
Develop, revise, and/or use a model 
based on evidence to illustrate and/
or predict the relationships between 
systems or between components of a 
system. 

Constructing Explanations and 
Designing Solutions
Apply scientific ideas, principles, and/
or evidence to provide an explanation 
of phenomena and solve design 
problems, taking into account possible 
unanticipated effects.

PS3.A: Definitions of Energy
Energy is a quantitative property of a 
system that depends on the motion 
and interactions of matter and radia-
tion within that system. That there is a 
single quantity called energy is due to 
the fact that a system’s total energy is 
conserved, even as, within the system, 
energy is continually transferred from 
one object to another and between its 
various possible forms.

PS3.B: Conservation of Energy and 
Energy Transfer
Conservation of energy means that the 
total change of energy in any system is 
always equal to the total energy trans-
ferred into or out of the system. 
Energy cannot be created or destroyed, 
but it can be transported from one place 
to another and transferred between 
systems.

Systems and System Models
Models (e.g., physical, mathematical, 
computer models) can be used to simu-
late systems and interactions—including 
energy, matter, and information flows—
within and between systems at different 
scales.  

Systems and System Models
When investigating or describing a 
system, the boundaries and initial condi-
tions of the system need to be defined 
and their inputs and outputs analyzed 
and described using models. 

Cause and Effect
Cause and effect relationships can be 
suggested and predicted for complex 
natural and human-designed systems by 
examining what is known about smaller-
scale mechanisms within the system.

 Great Lakes Literacy Principles2 

Principle 04: Water makes Earth habitable; fresh water sustains life on land.

1	 https://www.nextgenscience.org/pe/hs-ets1-3-engineering-design
2	 https://www.cgll.org/principles/

https://www.cgll.org/principles/
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Lesson 02: Anatomy of an Aquaponics System
 NGSS Alignment 1

HS-LS2-4. Use mathematical representations to support claims for the cycling of matter and flow of 
energy among organisms in an ecosystem.

 Additional NGSS Alignment

SEP: Science &  
Engineering Practices DCI: Disciplinary Core Ideas CCC: Crosscutting Concepts

Developing and Using Models
Develop, revise, and/or use a model 
based on evidence to illustrate and/
or predict the relationships between 
systems or between components of a 
system. 

Constructing Explanations and 
Designing Solutions
Apply scientific ideas, principles, and/
or evidence to provide an explanation 
of phenomena and solve design 
problems, taking into account possible 
unanticipated effects.

PS3.A: Definitions of Energy
Energy is a quantitative property of a 
system that depends on the motion 
and interactions of matter and radia-
tion within that system. That there is a 
single quantity called energy is due to 
the fact that a system’s total energy is 
conserved, even as, within the system, 
energy is continually transferred from 
one object to another and between its 
various possible forms.

PS3.B: Conservation of Energy and 
Energy Transfer
Conservation of energy means that the 
total change of energy in any system is 
always equal to the total energy trans-
ferred into or out of the system. 
Energy cannot be created or destroyed, 
but it can be transported from one place 
to another and transferred between 
systems.

Systems and System Models
Models (e.g., physical, mathematical, 
computer models) can be used to simu-
late systems and interactions—including 
energy, matter, and information flows—
within and between systems at different 
scales.  

Systems and System Models
When investigating or describing a 
system, the boundaries and initial condi-
tions of the system need to be defined 
and their inputs and outputs analyzed 
and described using models. 

Cause and Effect
Cause and effect relationships can be 
suggested and predicted for complex 
natural and human-designed systems by 
examining what is known about smaller-
scale mechanisms within the system.

 Great Lakes Literacy Principles2 

Principle 04: Water makes Earth habitable; fresh water sustains life on land.

1	 https://www.nextgenscience.org/pe/hs-ls2-4-ecosystems-interactions-energy-and-dynamics
2	 https://www.cgll.org/principles/

https://www.cgll.org/principles/


138 La
st

 U
pd

at
ed

: 0
4/

06
/2

02
6.

 ©
 2

02
6 

Ill
in

oi
s-

In
di

an
a 

Se
a 

G
ra

nt
. A

ll 
rig

ht
s 

re
se

rv
ed

.

138	 Aquaponics: Farming Fish, Growing Greens - Appendix: Standards and Alignment

Lesson 03: Introduction to the Nitrogen Cycle
 NGSS Alignment 1

HS-LS-2-4. Use mathematical representations to support claims for the cycling of matter and flow of 
energy among organisms in an ecosystem.

 Additional NGSS Alignment

SEP: Science &  
Engineering Practices DCI: Disciplinary Core Ideas CCC: Crosscutting Concepts

Developing and Using Models
Develop, revise, and/or use a model 
based on evidence to illustrate and/
or predict the relationships between 
systems or between components of a 
system. 

Constructing Explanations and 
Designing Solutions
Apply scientific ideas, principles, and/
or evidence to provide an explanation 
of phenomena and solve design 
problems, taking into account possible 
unanticipated effects.

Using Mathematics and Computational 
Thinking
Use mathematical, computational, 
and/or algorithmic representations 
of phenomena or design solutions to 
describe and/or support claims and/or 
explanations

Engaging in Argument from Evidence
Construct, use, and/or present an 
oral and written argument or counter-
arguments based on data and evidence.

PS3.A: Definitions of Energy
Energy is a quantitative property of a 
system that depends on the motion 
and interactions of matter and radia-
tion within that system. That there is a 
single quantity called energy is due to 
the fact that a system’s total energy is 
conserved, even as, within the system, 
energy is continually transferred from 
one object to another and between its 
various possible forms.

PS3.B: Conservation of Energy and 
Energy Transfer
Conservation of energy means that the 
total change of energy in any system is 
always equal to the total energy trans-
ferred into or out of the system. 
Energy cannot be created or destroyed, 
but it can be transported from one place 
to another and transferred between 
systems.

Patterns
Different patterns may be observed at 
each of the scales at which a system is 
studied and can provide evidence for 
causality in explanations of phenomena.

Cause and Effect
Cause and effect relationships can be 
suggested and predicted for complex 
natural and human designed systems by 
examining what is known about smaller 
scale mechanisms within the system. 

Systems and System Models
Models (e.g., physical, mathematical, 
computer models) can be used to 
simulate systems and interactions—
including energy, matter, and information 
flows—within and between systems at 
different scales.

 Great Lakes Literacy Principles2 

Principle 04: Water makes Earth habitable; fresh water sustains life on land.

1	 https://www.nextgenscience.org/pe/hs-ls2-4-ecosystems-interactions-energy-and-dynamics
2	 https://www.cgll.org/principles/

https://www.cgll.org/principles/


139	 Aquaponics: Farming Fish, Growing Greens - Appendix: Standards and Alignment La
st

 U
pd

at
ed

: 0
4/

06
/2

02
6.

 ©
 2

02
6 

Ill
in

oi
s-

In
di

an
a 

Se
a 

G
ra

nt
. A

ll 
rig

ht
s 

re
se

rv
ed

.

La
st

 U
pd

at
ed

: 0
4/

06
/2

02
6.

 ©
 2

02
6 

Ill
in

oi
s-

In
di

an
a 

Se
a 

G
ra

nt
. A

ll 
rig

ht
s 

re
se

rv
ed

.

Lesson 04: Measuring Nitrogen Levels in Your System
 NGSS Alignment 1

HS-LS-2-4. Use mathematical representations to support claims for the cycling of matter and flow of 
energy among organisms in an ecosystem.

 Additional NGSS Alignment

SEP: Science &  
Engineering Practices DCI: Disciplinary Core Ideas CCC: Crosscutting Concepts

Using Mathematics and Computational 
Thinking
Apply techniques of algebra and 
functions to represent and solve 
scientific and engineering problems.

Planning and Conducting 
Investigations
Plan an investigation or test a design 
individually and collaboratively to 
produce data to serve as the basis 
for evidence as part of building and 
revising models, supporting explanations 
for phenomena, or testing solutions 
to problems. Consider possible 
confounding variables or effects and 
evaluate the investigation’s design to 
ensure variables are controlled. 

PS3.A: Definitions of Energy
Energy is a quantitative property of a 
system that depends on the motion 
and interactions of matter and radia-
tion within that system. That there is a 
single quantity called energy is due to 
the fact that a system’s total energy is 
conserved, even as, within the system, 
energy is continually transferred from 
one object to another and between its 
various possible forms.

PS3.B: Conservation of Energy and 
Energy Transfer
Conservation of energy means that the 
total change of energy in any system is 
always equal to the total energy trans-
ferred into or out of the system. 
Energy cannot be created or destroyed, 
but it can be transported from one place 
to another and transferred between 
systems.

Scale, Proportion and Quantity
Algebraic thinking is used to examine 
scientific data and predict the effect of a 
change in one variable on another (e.g., 
linear growth vs. exponential growth).

Stability and Change
Much of science deals with constructing 
explanations of how things change and 
how they remain stable.

 Great Lakes Literacy Principles2 

Principle 04: Water makes Earth habitable; fresh water sustains life on land.

1	 https://www.nextgenscience.org/pe/hs-ls2-4-ecosystems-interactions-energy-and-dynamics
2	 https://www.cgll.org/principles/

https://www.cgll.org/principles/
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Lesson 05: Nitrogen Cycle & Population Dynamics 
 NGSS Alignment 1

HS-LS-2-2. Use mathematical representations to support and revise explanations based on evidence 
about factors affecting biodiversity and populations in ecosystems of different scales.

 Additional NGSS Alignment

SEP: Science &  
Engineering Practices DCI: Disciplinary Core Ideas CCC: Crosscutting Concepts

Analyzing and Interpreting Data
Analyze data to identify design features 
or characteristics of the components of a 
proposed process or system to optimize 
it relative to criteria for success.

Asking Questions and Defining 
Problems
Ask questions to determine 
relationships, including quantitative 
relationships, between independent and 
dependent variables

Constructing Explanations and 
Designing Solutions
Apply scientific reasoning, theory, and/or 
models to link evidence to the claims to 
assess the extent to which the reasoning 
and data support the explanation or 
conclusion.

PS3.A: Definitions of Energy
Energy is a quantitative property of a 
system that depends on the motion 
and interactions of matter and radia-
tion within that system. That there is a 
single quantity called energy is due to 
the fact that a system’s total energy is 
conserved, even as, within the system, 
energy is continually transferred from 
one object to another and between its 
various possible forms.

PS3.B: Conservation of Energy and 
Energy Transfer
Conservation of energy means that the 
total change of energy in any system is 
always equal to the total energy trans-
ferred into or out of the system. 
Energy cannot be created or destroyed, 
but it can be transported from one place 
to another and transferred between 
systems.

Patterns
Different patterns may be observed at 
each of the scales at which a system is 
studied and can provide evidence for 
causality in explanations of phenomena.

Cause and Effect
Cause and effect relationships can be 
suggested and predicted for complex 
natural and human designed systems by 
examining what is known about smaller 
scale mechanisms within the system. 

 Great Lakes Literacy Principles2 

Principle 04: Water makes Earth habitable; fresh water sustains life on land.

1	 https://www.nextgenscience.org/pe/hs-ls2-2-ecosystems-interactions-energy-and-dynamics
2	 https://www.cgll.org/principles/

https://www.cgll.org/principles/
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Lesson 06: Plants in Aquaponic Systems 
 NGSS Alignment 1

standard description

HS-LS1-5. Use a model to illustrate how photosynthesis transforms light energy into stored chemical 
energy.

HS-LS2-2. Use mathematical representations to support and revise explanations based on evidence 
about factors affecting biodiversity and populations in ecosystems of different scales.

HS-LS2-3. Construct and revise an explanation based on evidence for the cycling of matter and flow 
of energy in aerobic and anaerobic conditions. 

HS-LS2-5. Develop a model to illustrate the role of photosynthesis and cellular respiration in the 
cycling of carbon among the biosphere, atmosphere, hydrosphere, and geosphere.

HS-LS2-4. Use mathematical representations to support claims for the cycling of matter and flow of 
energy among organisms in an ecosystem.

 Additional NGSS Alignment

SEP: Science &  
Engineering Practices DCI: Disciplinary Core Ideas CCC: Crosscutting Concepts

Analyzing and Interpreting Data
Analyze data using tools, technologies, and/
or models (e.g., computational, mathematical) in 
order to make valid and reliable scientific claims or 
determine an optimal design solution. 

Planning and Conducting Investigations
Plan and conduct an investigation individually and 
collaboratively to produce data to serve as the 
basis for evidence, and in the design: decide on 
types, how much, and accuracy of data needed 
to produce reliable measurements and consider 
limitations on the precision of the data (e.g., 
number of trials, cost, risk, time), and refine the 
design accordingly. 

Obtaining, Evaluating and Communicating 
Information
Communicate scientific and/or technical 
information  or ideas (e.g. about phenomena and/
or the process of development and the design and 
performance of a proposed process or system) 
in multiple formats (including orally, graphically, 
textually, and mathematically). 

PS3.A: Definitions of Energy
Energy is a quantitative property 
of a system that depends on the 
motion and interactions of matter 
and radiation within that system. 
That there is a single quantity called 
energy is due to the fact that a 
system’s total energy is conserved, 
even as, within the system, energy 
is continually transferred from one 
object to another and between its 
various possible forms. 

PS3.B: Conservation of Energy 
and Energy Transfer
Conservation of energy means that 
the total change of energy in any 
system is always equal to the total 
energy transferred into or out of the 
system. 
Energy cannot be created or 
destroyed, but it can be transport-
ed from one place to another and 
transferred between systems.

Patterns
Patterns of performance of 
designed systems can be analyzed 
and interpreted to reengineer and 
improve the system.

 Great Lakes Literacy Principles2 

Principle 04: Water makes Earth habitable; fresh water sustains life on land.

1	 https://www.nextgenscience.org/
2	 https://www.cgll.org/principles/

https://www.nextgenscience.org/
https://www.cgll.org/principles/
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Lesson 07: Fish in Aquaponics Systems
 NGSS Alignment 1

HS-ETS1-3. Evaluate a solution to a complex real-world problem based on prioritized criteria and trade-offs 
that account for a range of constraints, including cost, safety, reliability, and aesthetics as well as 
possible social, cultural, and environmental impacts.

 Additional NGSS Alignment

SEP: Science &  
Engineering Practices DCI: Disciplinary Core Ideas CCC: Crosscutting Concepts

Constructing Explanations and 
Designing Solutions
Design, evaluate, and/or refine a 
solution to a complex real-world 
problem, based on scientific knowledge, 
student-generated sources of evidence, 
prioritized criteria, and tradeoff 
considerations.

Obtaining, Evaluating, and 
Communicating Information
Compare, integrate and evaluate 
sources of information presented in 
different media or formats (e.g., visually, 
quantitatively) as well as in words in 
order to address a scientific question or 
solve a problem.

Modeling
Develop and/or use multiple types of 
models to provide mechanistic accounts 
and/or predict phenomena, and move 
flexibly between model types based on 
merits and limitations

Analyzing and Interpreting Data
Analyze data using tools, technologies, 
and/or models (e.g., computational, 
mathematical) in order to make valid and 
reliable scientific claims or determine an 
optimal design solution. 

PS3.A: Definitions of Energy
Energy is a quantitative property of a 
system that depends on the motion 
and interactions of matter and radia-
tion within that system. That there is a 
single quantity called energy is due to 
the fact that a system’s total energy is 
conserved, even as, within the system, 
energy is continually transferred from 
one object to another and between its 
various possible forms.

PS3.B: Conservation of Energy and 
Energy Transfer
Conservation of energy means that the 
total change of energy in any system is 
always equal to the total energy trans-
ferred into or out of the system. 
Energy cannot be created or destroyed, 
but it can be transported from one place 
to another and transferred between 
systems.

Patterns
Different patterns may be observed at 
each of the scales at which a system is 
studied and can provide evidence for 
causality in explanations of phenomena.

Cause and Effect
Cause and effect relationships can be 
suggested and predicted for complex 
natural and human designed systems by 
examining what is known about smaller 
scale mechanisms within the system.

System and System Models
Models (e.g., physical, mathematical, 
computer models) can be used to simu-
late systems and interactions—including 
energy, matter, and information flows—
within and between systems at different 
scales. 

Structure and Function 
Investigating or designing new systems 
or structures requires a detailed ex-
amination of the properties of different 
materials, the structures of different 
components, and connections of compo-
nents to reveal its function and/or solve 
a problem.

 Great Lakes Literacy Principles2 

Principle 04: Water makes Earth habitable; fresh water sustains life on land.

1	 https://www.nextgenscience.org/pe/hs-ets1-3-engineering-design
2	 https://www.cgll.org/principles/

https://www.cgll.org/principles/
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Lesson 08: Our Modern Food System 
 NGSS Alignment 1

HS-ETS1-3. Evaluate a solution to a complex real-world problem based on prioritized criteria and trade-offs 
that account for a range of constraints, including cost, safety, reliability, and aesthetics as well as 
possible social, cultural, and environmental impacts.

 Additional NGSS Alignment

SEP: Science &  
Engineering Practices DCI: Disciplinary Core Ideas CCC: Crosscutting Concepts

Constructing Explanations and 
Designing Solutions
Design, evaluate, and/or refine a 
solution to a complex real-world 
problem, based on scientific knowledge, 
student-generated sources of evidence, 
prioritized criteria, and tradeoff 
considerations.

Obtaining, Evaluating, and 
Communicating Information
Compare, integrate and evaluate 
sources of information presented in 
different media or formats (e.g., visually, 
quantitatively) as well as in words in 
order to address a scientific question or 
solve a problem.

Modeling
Develop and/or use multiple types of 
models to provide mechanistic accounts 
and/or predict phenomena, and move 
flexibly between model types based on 
merits and limitations

PS3.A: Definitions of Energy
Energy is a quantitative property of a 
system that depends on the motion 
and interactions of matter and radia-
tion within that system. That there is a 
single quantity called energy is due to 
the fact that a system’s total energy is 
conserved, even as, within the system, 
energy is continually transferred from 
one object to another and between its 
various possible forms.

PS3.B: Conservation of Energy and 
Energy Transfer
Conservation of energy means that the 
total change of energy in any system is 
always equal to the total energy trans-
ferred into or out of the system. 
Energy cannot be created or destroyed, 
but it can be transported from one place 
to another and transferred between 
systems.

Cause and Effect
Cause and effect relationships can be 
suggested and predicted for complex 
natural and human designed systems by 
examining what is known about smaller 
scale mechanisms within the system.

System and System Models
Models (e.g., physical, mathematical, 
computer models) can be used to simu-
late systems and interactions—including 
energy, matter, and information flows—
within and between systems at different 
scales. 

Structure and Function 
Investigating or designing new systems 
or structures requires a detailed ex-
amination of the properties of different 
materials, the structures of different 
components, and connections of compo-
nents to reveal its function and/or solve 
a problem.

 Great Lakes Literacy Principles2 

Principle 04: Water makes Earth habitable; fresh water sustains life on land.

1	 https://www.nextgenscience.org/pe/hs-ls2-4-ecosystems-interactions-energy-and-dynamics
2	 https://www.cgll.org/principles/

https://www.cgll.org/principles/
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Lesson 09: Troubleshooting Water Quality Challenges
 NGSS Alignment 1

HS-ETS1-3. Evaluate a solution to a complex real-world problem based on prioritized criteria and 
trade-offs that account for a range of constraints, including cost, safety, reliability, and 
aesthetics as well as possible social, cultural, and environmental impacts.

 Additional NGSS Alignment

SEP: Science &  
Engineering Practices DCI: Disciplinary Core Ideas CCC: Crosscutting Concepts

Constructing Explanations and Designing 
Solutions
Design, evaluate, and/or refine a solution 
to a complex real-world problem, based on 
scientific knowledge, student-generated 
sources of evidence, prioritized criteria, and 
tradeoff considerations.

Obtaining, Evaluating, and 
Communicating Information
Compare, integrate and evaluate sources of 
information presented in different media or 
formats (e.g., visually, quantitatively) as well 
as in words in order to address a scientific 
question or solve a problem.

Analyzing and Interpreting Data
Analyze data using tools, technologies, 
and/or models (e.g., computational, 
mathematical) in order to make valid and 
reliable scientific claims or determine an 
optimal design solution. 

Analyze data to identify design features 
or characteristics of the components of a 
proposed process or system to optimize it 
relative to criteria for success.

Planning and Carrying Out Investigations
Manipulate variables and collect data about 
a complex model of a proposed process or 
system to identify failure points or improve 
performance relative to criteria for success 
or other variables.

PS3.A: Definitions of Energy
Energy is a quantitative property of a 
system that depends on the motion 
and interactions of matter and radiation 
within that system. That there is a 
single quantity called energy is due to 
the fact that a system’s total energy is 
conserved, even as, within the system, 
energy is continually transferred from 
one object to another and between its 
various possible forms.

PS3.B: Conservation of Energy and 
Energy Transfer
Conservation of energy means that the 
total change of energy in any system is 
always equal to the total energy trans-
ferred into or out of the system. 
Energy cannot be created or de-
stroyed, but it can be transported from 
one place to another and transferred 
between systems.

Patterns
Patterns of performance of designed 
systems can be analyzed and 
interpreted to reengineer and improve 
the system. 

Cause and Effect
Cause and effect relationships can be 
suggested and predicted for complex 
natural and human designed systems 
by examining what is known about 
smaller scale mechanisms within the 
system.

System and System Models
Models (e.g., physical, mathematical, 
computer models) can be used to 
simulate systems and interactions—
including energy, matter, and 
information flows—within and between 
systems at different scales. 

 Great Lakes Literacy Principles2 

Principle 04: Water makes Earth habitable; fresh water sustains life on land.

1	 https://www.nextgenscience.org/pe/hs-ets1-3-engineering-design
2	 https://www.cgll.org/principles/

https://www.cgll.org/principles/
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Lesson 10: Building an Aquaponics Business 
 NGSS Alignment 1

HS-ETS1-3. Evaluate a solution to a complex real-world problem based on prioritized criteria and 
trade-offs that account for a range of constraints, including cost, safety, reliability, and 
aesthetics as well as possible social, cultural, and environmental impacts.

 Additional NGSS Alignment

SEP: Science &  
Engineering Practices DCI: Disciplinary Core Ideas CCC: Crosscutting Concepts

Asking Questions and Defining 
Problems
Define a design problem that involves 
the development of a process or system 
with interacting components and 
criteria and constraints that may include 
social, technical and/or environmental 
considerations.

Analyzing and Interpreting Data
Develop a complex model that allows for 
manipulation and testing of a proposed 
process or system.

Developing and Using Models
Develop a complex model that allows for 
manipulation and testing of a proposed 
process or system.

Using Mathematics and Computational 
Thinking
Use mathematical, computational, 
and/or algorithmic representations 
of phenomena or design solutions to 
describe and/or support claims and/or 
explanations

Engaging in Argument from Evidence
Evaluate competing design solutions to 
a real-world problem based on scientific 
ideas and principles, empirical evidence, 
and/or logical arguments regarding 
relevant factors (e.g. economic, societal, 
environmental, ethical considerations).

PS3.A: Definitions of Energy
Energy is a quantitative property of a 
system that depends on the motion 
and interactions of matter and radia-
tion within that system. That there is a 
single quantity called energy is due to 
the fact that a system’s total energy is 
conserved, even as, within the system, 
energy is continually transferred from 
one object to another and between its 
various possible forms.

PS3.B: Conservation of Energy and 
Energy Transfer
Conservation of energy means that the 
total change of energy in any system is 
always equal to the total energy trans-
ferred into or out of the system. 
Energy cannot be created or destroyed, 
but it can be transported from one place 
to another and transferred between 
systems.

Patterns
Patterns of performance of designed 
systems can be analyzed and 
interpreted to reengineer and improve 
the system.

Cause and Effect
Systems can be designed to cause a 
desired effect.
Systems and System Models
Models (e.g., physical, mathematical, 
computer models) can be used to 
simulate systems and interactions—
including energy, matter, and information 
flows—within and between systems at 
different scales.

Energy and Matter
Energy drives the cycling of matter 
within and between systems.

 Great Lakes Literacy Principles2 

Principle 04: Water makes Earth habitable; fresh water sustains life on land.

1	 https://www.nextgenscience.org/pe/hs-ets1-3-engineering-design
2	 https://www.cgll.org/principles/

https://www.cgll.org/principles/
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