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Nutritional Value
of Different Foods




Contributing author: Andrea Liceaga, professor, Department
of Food Science

Student objective: Students learn the value of reading food
labels.

Before starting this activity, collect food labels from your cafe-
teria, teachers or students. You need five labels per student or
team. Suggestions include labels for fresh vegetables, canned
vegetables, fruit, canned soup, chips, cookies, cheese, beef,

meat, fruit, chicken, pork, seafood, deli meat, bacon or sausage.

Materials/Supplies

« Comparing Nutritional Values.pptx

« Comparing Food Nutritional Values worksheet, page 39
« Paper, pencils, highlighter

« Internet access

» Food labels

Activity 1. Comparing Nutrition Values
Direct instruction: Students learn the value of reading
food labels.
Comparing Nutritional Values.PPT
= Introduction, slides 1-6.
« Assignment, slide 7.
» Students may work in teams of two or three.
» Discussion questions, slide 8.
= Argument for the increased consumption of blue foods,
slides 8-9.
= Assignment, reading about nutrition (sources: FDA and
CDC), slide 10.
» Assign for class time or as independent practice.
- Additional suggestions for further study, slide 11.

Independent Practice
Comparing Nutritional Values.PPT, slide 11.

Assessment

= Teacher’s analysis of the knowledge their students gained.

= Quiz - FDA Fun Facts Quiz: https://www.accessdata.fda.
gov/scripts/interactivenutritionfactslabel/quiz/

L8,

Glossary

Blue food (seafood): Edible aquatic organisms, including fish,
shellfish and algae from marine and freshwater production
systems (aquaculture and fisheries).

Nutrition facts label: The label listing calories, carbohydrates,
fat, fiber, protein and vitamins per serving of food. Labels
make it easier to compare the nutrition of similar products.

Omega-3 fatty acids: Essential fatty acids that are important
in the human body and may provide health benefits. EPA
and DHA, found in certain fish, are the primary ones. ALA
(alpha-linolenic acid) is another found in plant sources
such as nuts and seeds.

+ EPA (eicosapentaenoic acid) is found in cold-water
fatty fish such as salmon. It is in fish oil supplements,
along with DHA, as part of a healthy diet that helps
lower risk of heart disease.

¢+ DHA (docosahexaenoic acid) is an important
structural component of skin and the retinas in eyes.
Fortifying baby formula with DHA improves vision
in infants. DHA is vital for brain development and
function in childhood as well as brain function in
adults.

Organic: Relying on natural substances and physical,
mechanical or biologically based farming methods to the
fullest extent possible. Produce can be called “organic”
if it is certified to have grown on soil where no prohibited
substances were applied for three years prior to harvest.

Supplemental Information

Cardiovascular diseases, largely driven by diet-related factors,
are the leading cause of death worldwide. In the U.S,, heart
disease caused over 700,000 deaths in 2022 (CDC.gov -
https://blogs.cdc.gov/niosh-science-blog/category/
cardiovascular-disease-2/). Globally, cardiovascular diseases
causes 17.9 million deaths each year (World Health Organization
- https://www.who.int/news-room/fact-sheets/detail/
cardiovascular-diseases-(cvds)).

The EAT Lancet report (https://eatforum.org/content/
uploads/2019/11/Seafood_Scoping_Report_EAT-Lancet.pdf)
and many dietary guidelines indicate that diets focused on
plant-based foods and some fish (e.g., aquaponics products)
are among the most healthful and sustainable foods. Aqua-
ponics is an ideal climate-smart form of agriculture for local
and regional food production. It can provide high-quality blue
foods with shortened supply chains in diverse locations.
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« Iron deficiency is the most common form of micronutrient = Is a Calorie a Calorie? Processed Food, Experiment Gone

malnutrition globally. In the U.S., one in six women is iron Wrong. Ted Ed talk by Robert Lustig. https://www.youtube.
deficient during pregnancy. Iron deficiency rates are higher com/watch?v=nxyxcTZccsE
among non-Hispanic Black and Hispanic women. It is a + Robert Lustig, MD, professor of pediatrics in the
leading cause of anemia, which during pregnancy can result Division of Endocrinology at University of California,
in poor fetal growth, preterm birth, low birth weight, and in- San Francisco, and author of Fat Chance: Beating
creased risk of death for the mother and baby (World Health the Odds against Sugar, Processed Food, Obesity,
Organization - https://www.who.int/nutrition/topics/ida/en/). and Disease.
+ This talk notes that all processed foods are made
Additional Resources by just 10 companies and describes why processed
= Infant and Toddler Nutrition, PDF or https://www.cdc.gov/ foods have so little nutrition.
nutrition/infantandtoddlernutrition/ = Seafood Basics: A Toolkit for Understanding Seafood,
= For high school students, FDA Nutrition Facts Label Nutrition, Safety and Preparation, and Sourcing.
www.accessdata.fda.gov/scripts/InteractiveNutrition ¢+ Available from The Education Store, www.edustore.
FactsLabel/#intro purdue.edu. Direct link: https://edustore.purdue.
= For youth ages 9-13, FDA Whyville Snack Shack Games, edu/item.asp?ltem_Number=FNR-634-W

www.fda.gov/food/nutrition-education-resources-
materials/whyville-snack-shack-games
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Comparing Food Nutritional Values

Instructions
« Choose five food labels. List each food across the top row.
= Read the label to fill in the amount of each nutrient per serving under each food.
« If no nutrient value is given, put an X.
» Make a note if the unit of measurement on the label is different than the one in the table. Ll
= Use different colored highlighters to mark the highest and lowest values for each nutrient WW N

in the table. \ i

» Mark the highest value in each row in yellow.

» Mark the lowest value in each row in-
» Highlight the corresponding key (high value and low value) below your table.

High Value

FOOD NAME

Nutrient per serving

Total fat (g)

Saturated fat (g)

Trans fat (g)

Cholesterol (mg)

Sodium (mg)

Total carbohydrate (g)

Fiber (g)

Total sugars (g)

Protein (g)

Vitamin D (mcg)

Calcium (mg)

Iron (mg)

Potassium (mg)
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Contributing authors: Paul Brown, professor, department
of forestry and natural resources and his graduate student
Timothy Rice, senior aquaponics technician

Student objective: Students learn about important nutrients
for plants and animals.

Next Generation Science Standards

» NGSS Standards: HS-LS2-5

= Disciplinary Core Ideas and Crosscutting Concepts:
HS-LS2-7, HS-LS2-7

AFNR Content Standards
« ESS.03.04. Apply microbiology principles to environmental
sustainability systems.

Materials/Supplies

« Plant and Fish Nutrition.pptx

« Plant and Fish Nutrition puzzle, page 42, answers, page 43
= Pencils

= Optional: Three to five brands of goldfish food

Direct instruction: Students learn the nutrition that plants
and fish need.

Plant and Fish Nutrition.pptx

« Introduction, slides 1-7.

» Optional: Goldfish Nutrition, slide 4. Students list and
compare the ingredients in different types of goldfish
food.

= Puzzle Clues, slide 7, may be left on your screen and/or
handed out.

» Students can work on the puzzle alone or in teams.

= Discussion, suggested questions, slide 8.
= Discussion, suggested answers, slide 11.

For further study

This activity introduces the importance of proper nutrition for
plants and fish. The plants help remove water contaminants.
The amount of contaminants removed will depend on the type
of plants and the ratio of plants to fish. If you want to study
this relationship further, consider using the hydroponic

Kratky system to grow different plants with goldfish.

Assessment
= Teacher’s analysis of the knowledge their students gained.
= Quiz or Discussion questions

Supplemental information
Depending on their species, plants and fish have specific
nutritional needs for optimal growth.

PLANTS

The U.S. Department of Agriculture’s Plant, Soil and Nutrition

Research Unit works to improve the security and nutritional

quality of plant crop species. It does this through interdisciplinary

research that integrates molecular biology and genomics,
bioinformatics, genetics, physiology, biochemistry and
membrane biophysics. Its major research areas include:

1) Developing better genomic, computational, statistical
and molecular genetic tools for facilitating fundamental
discovery at the gene/protein levels for use in crop
improvement;

2) Food-based solutions to micronutrient malnutrition and
other diet-related issues, including developing plant vari-
eties with higher concentrations and/or high bioavailability
of critical mineral elements (iron, zinc, calcium, selenium)
as well as selected phytonutrients (carotenoids, vitamin C
and flavonoids); and

3) Enhancing food security by developing food and biofuel
crop plant species that can maintain productivity on acidic,
nutrient-depleted and/or metal toxic soils.

+ USDA Plant, Soil and Nutrition Research

+ https://www.ars.usda.gov/northeast-area/
ithaca-ny/robert-w-holley-center-for-agriculture-
health/plant-soil-and-nutrition-research/

FISH

Commercial suppliers provide fish food blends to suit a specific
type of fish. Goldfish and tropical fish food often comes in
flakes and is widely available. Fish food suppliers provide larger
operations with feed that contains vitamins, protein, fiber and
fat for the correct nutrient balance.

Plant and Fish Nutrition m



Name:
Date:

Class period:

ACROSS

4 Gold____, a cost-effective animal to begin with
in your aquaculture system

5 Fish obtain these from their diet

9 Growing both fish and plants in a system

9 Part of an aquaponics system (with hydroponics)

11 They ruin picnics

12 Essential in relatively large amounts to the
growth and health of a living organism

14 Provides nutrition to plants in an aquaponics system

15 A nutrient that animals and plants both need

17 Needed to run the filter

19 Localized death of living tissue

20 Acronym for the When Blue is Green project

Plant and Fish Nutrition Puzzle Clues

DOWN

1 Usually grown in soil

2 Not enough of a nutrient

3 Level of nutrient

6 Deficiency causes yellowing of the newer leaves

7 Essential in very small amounts to the growth and health
of a living organism

8 How you would feel if your fish die

10 Deficiency that causes yellowing of older leaves

11 Not a plant

13 An herb that can be grown in an aquaculture system

15 Generally produced for sale

16 Input to an aquaculture system.

18 What your friends might say about your aquaponics system
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Name:
Date:

Class period:

Plant and Fish Nutrition Puzzle Clues

ACROSS DOWN
4 Gold____, a cost-effective animal to begin with 1 Usually grown in soil
in your aquaculture system 2 Not enough of a nutrient
5 Fish obtain these from their diet 3 Level of nutrient
9 Growing both fish and plants in a system 6 Deficiency causes yellowing of the newer leaves
9 Part of an aquaponics system (with hydroponics) 7 Essential in very small amounts to the growth and health
11 They ruin picnics of a living organism
12 Essential in relatively large amounts to the 8 How you would feel if your fish die
growth and health of a living organism 10 Deficiency that causes yellowing of older leaves
14 Provides nutrition to plants in an aquaponics system 11 Not a plant
15 A nutrient that animals and plants both need 13 An herb that can be grown in an aquaculture system
17 Needed to run the filter 15 Generally produced for sale
19 Localized death of living tissue 16 Input to an aquaculture system.
20 Acronym for the When Blue is Green project 18 What your friends might say about your aquaponics system
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Contributing authors: Abigail Engelberth, associate professor,
Department of Agricultural and Biological Engineering and
Jen-Yi Huang, associate professor, Department of Food Science

Student objective: Teach students the importance of a systems
approach and how it applies to aquaponics.

Next Generation Science Standards

- NGSS Standards: HS-LS2-4, HS-LS-6,HS-ETS1-3

= Disciplinary Core Ideas and Crosscutting Concepts:
HS-LS2-7

AFNR Content Standards

« CRPI11.01. Research, select and use new technologies, tools
and applications to maximize productivity in the workplace
and community.

« Optional: CRP12.01. Contribute to team-oriented projects
and build consensus to accomplish results using cultural
global competence in the workplace and community.

Materials/Supplies

« Paper and pencils

= The Systems Approach.pptx

« BiG System Components page 47 (one per team)

Activity 1. Your School System
Direct instruction: Students study the school system to
understand the systems approach. The Systems Approach.pptx
= Introduction, slides 1-4.
« Allow the students to think about the entire school system,
individually or in teams of two or three. Slide 5.
» You may need to help students get started. Sample
answers:
+ A bean seed is an input for a gardener. What is an
output? (beans for the table and/or for sale)
+ School system output: educated students. What is
an input to this system? (children, teachers)
= Give students time to come up with everything they can
think of.
= Compile the inputs and outputs on the blackboard or large
adhesive sheets.
= Discussion, suggested questions
» Can you think of any other inputs we are missing?
» Can you think of any other outputs we are missing?
= Share suggested answers, The Systems Approach.pptx,
slides 6-7.
» Add to or change the slides as needed.
« Discussion, suggested questions
» What would happen if the input building is not provided?
» What would happen if the input lunch staff is not provided?
» Why are so many inputs required to run a school system?

Activity 2. The Aquaponics System

Direct instruction

= Introduce the activity using The Systems Approach.pptx,
slides 8-11.

= Have students work in teams to read the BiG System
Components information. Draw a schematic (on the board
or on large adhesive sheets on the wall) that shows how
the system components work together. Slide 12.

= The BiG research grant application schematic is on slide 13
(The Systems Approach.pptx) without the component
names. This slide is included at the end of this lesson plan,
if you want to print it.

= The completed schematic and some pictures of our research
pilot plant are in slides 14-15.

Questions and answers for Activity 2

What components does a basic aquaponics system include?
A tank, animals (usually fish) and the food they need;
plants; and a pump to move water from the fish tank to
the plant tank.

What additional components has BiG added toward creating

a zero-waste, grid-independent, economically viable system?
Algal processing, biorefining, algae bioreactor, anerobic
digester and biogas boiler, and fish processing.

What is a systems approach?
An approach that considers, plans for and studies all
inputs and outputs. Other approaches to production and
manufacturing often consider only the product and profits,
ignoring possible environmental and human impacts.

Why is a systems approach to food production important?
It is essential to understanding and preventing uninten-
tional burden shifting, whether between different parts of
a system or different kinds of impacts. Improving one part
of the food system is counterproductive if it has negative
environmental, economic or social consequences in other
parts of the system that may outweigh the advantages of
the improvement. A systems approach goes beyond the
traditional focus on a single commodity. It investigates
improvements and reductions in the entire system, from
raw material extraction and production to agricultural
growing, food processing, packaging, distribution,
preparation, consumption and disposal of all wastes.

What should be included in your systems approach to planning

for life after high school?
Answers will vary. Students may suggest college, family,
jobs, income, responsibilities of cooking, cleaning, or
managing their money.
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Research System Inputs and Outputs

Component Inputs

etc.), fish feed, energy, water

Outputs

Fish, tanks, plants Fish, plants, tanks, equipment (pumps, tubing, Fish and plants (to sell)

Sludge, vegetable waste, wastewater

Algae bioreactor

Digestate, energy, wastewater Algae cells, water

Algal processing sludge, vegetable waste

Algae slurry, fish waste (manure), food waste,

Biofertilizer, digestate, energy

Anerobic digester, bi iler
erobic digester, biogas boile vegetable waste

Algae slurry, manure, food waste, sludge,

Energy, digestate, biofertilizer

Fish and plant processing Fish, plants Fish products
. Fish feed, bi i ides, phenoli
Biorefining Algae slurry, fish byproducts ish feed, bioactive peptides, phenolic
compounds
Assessment

= Teacher’s analysis of the knowledge their students gained.
= The Q&A (above and in slide 16) can be used for discussion
or as a quiz for students to hand in.

Supplemental information

Researchers have often studied how to create or improve a
product without considering or testing all the impacts it causes.
For example, the tractor and moldboard plow made farming
easier and faster, and pesticides helped increase yields. But
as farms and equipment got larger, and fertilizer and pesticide
use increased, negative impacts became apparent: soil com-
paction, decreased soil health and water contamination.

The systems approach is increasingly used in many dis-
ciplines to ensure that all inputs, outputs, and social and
environmental impacts are considered during product devel-
opment. Understanding every aspect of a production system
takes into account all benefits, costs and impacts. Failing to do
so may overlook important human and environmental aspects
of the product. Before beginning a new venture, producers
must consider the entire food chain from seed to table, and
the costs of inputs, outputs, profit margin, transportation,
waste management and environmental costs.

Aguaponics combines aquaculture and hydroponics to use
nutrients from animal waste as a natural plant fertilizer.
Maintaining water quality is important in aquaponics to reduce
the generation of sludge and wastewater. Sludge contains
considerable amounts of nitrite, nitrate, ammonia and
phosphate. System wastes are often used for soil enrichment or
agricultural fertilizer. This waste has been fermented to produce
biogas through anaerobic digestion. Researchers are studying
microalgae, which can assimilate nutrients to produce biomass
that can be converted into biofuels, to treat aquaponic waste.

BEY  wHen BLUE IS GREEN

This has the potential to fully recycle the nutrients as resources
for energy generation to power the system and achieve a zero-
waste aquaponic operation.

The schematic on page 47 can help students understand the
BiG system.

BiG Aquaculture System Components

Despite using less land and water than conventional food
production, aquaponics requires high energy input and creates
considerable nutrient wastes, leading to high operational

and maintenance costs. These costs challenge its economic
sustainability, which may be a barrier to wider adoption.

Although growers are widely interested in the potential

of aguaponics, gaps in research on animal-plant-microbe
co-management, benefit-risk assessment, and financing holds
them back. BiG researchers are working to solve these prob-
lems. Because a systems approach is critical, the project has
many collaborators working on the following five objectives.

= Partner with diverse stakeholders to identify barriers and
opportunities for blue foods and aquaponics.

= Design, construct and evaluate a resilient and sustainable
food production system that integrates aquaponics with
microalgae cultivation, anaerobic digestion, and biorefining
processes.

« Assess economic and environmental performance of an
integrated aquaponics food production system and develop
evidence-based management practices and business
models.

= Engage with stakeholders to support aquaponics and blue
food market development.

= Create, pilot and publish education materials to foster a
workforce prepared to support blue food supply chains.
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The basic aquaponics system has fish, plants, tanks and a
pump to move water. The wastewater and sludge from the fish
tanks contain more nitrite, nitrate, ammonia and phosphate
than plants can take up. As a result, current aquaponic systems
discharge considerable amounts of water each day (up to 20%)
and replace it with fresh water. BiG researchers are studying
additional subsystems that may improve operational parameters,
recycle nutrients, reduce costs, increase revenue streams and
reduce waste output. These are described in the following
paragraphs.

Researchers are studying microalgae to improve treatment of
aquaponic wastewater. Algal bioreactors can help with nitrogen
removal but do not remove all N, so the remainder is converted
to nitrite and nitrate for plant crop use. Algae cells are further
processed to create an algae slurry that is treated along with
sludge from the fish tanks and vegetable wastes in an anerobic
digester and biogas boiler.

BiG researchers hypothesize that adding an anaerobic digester
to the aquaponics system will remove organic carbon from
wastewater and produce more plant nutrients in solution to
allow higher plant production. The algal slurry that remains
after algae nutrient removal is then biorefined or treated in

an anerobic digester and biogas boiler to create biofertilizer;
nutraceutical ingredients such as bioactive peptides, and
phenolic compounds; and fish feed ingredients. The anaerobic
digester and biogas boiler are used to create digestate, energy
and biofertilizer using the algal biomass.
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This additional cycling of nutrients in the system and anaerobic
digestion subsystems offers the promise of decreasing waste
and generating fertilizer and biofuels. Researchers hope these
system components will fully recycle the nutrients as resources
for energy generation to power the system and achieve a
zero-waste aquaponic operation. To complete the system,

the fish and plants must also be processed.

Glossary

Bioactive peptides: Protein fragments with several amino
acids — resulting from physical, chemical or enzymatic
protein hydrolysis — that have a positive impact on
physiological functions or conditions leading to
improved health.

Biofertilizer: A product that is not chemically synthesized,
is biodegradable and is usable as a fertilizer.

Digestate: The material remaining after the anaerobic
digestion (decomposition under low oxygen conditions)
of a biodegradable feedstock.

Phenolic compounds: Phenolic and polyphenolic products,
either alone or in combination with vitamins, such as
carotenoids, vitamin E, and vitamin C, that can serve
as antioxidants to protect various tissues in the human
body from oxidative stress.

Sludge: Fish excrement. A muddy or slushy mass, deposit,
or sediment.
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Contributing author: Halis Simsek, assistant professor,
Department of Agricultural and Biological Engineering

Student objective: Learn about efforts to reduce nutrients
and contaminants from wastewater.

Next Generation Science Standards

« NGSS Standards: HS-LS2-5, HS-LS2-7

= Disciplinary Core Ideas and Crosscutting Concepts:
HS-LS2-4, HS-LS2-5

AFNR Content Standards

« ESS.04.01. Develop systems of sustainability management
for all categories of solid waste in environmental sustainability
systems.

« ESS.04.02. Sustainably manage solid waste in environmental
service systems.

Materials/Supplies

= Waste Recycling.pptx

« Waste Disposal worksheet page 51 (one per student)
« Waste Disposal worksheet answers page 52

Direct instruction: Students learn about waste disposal
and environmental effects of waste.
Waste Disposal.pptx
« Introduction, slides 1-10.
» Encourage students to take notes.
» Or hand out the worksheet before you begin the PPT
presentation.
= Assignment: Students complete the Waste Disposal
worksheet on their own or in teams.
= Aquaponics has benefits but also challenges. Ask students
if they can think of any solutions. Slides 11- 12.

Assessment
= Teacher’s analysis of the knowledge their students gained.
= The worksheet may be used as a quiz or for discussion.

Glossary

Benthic communities: Groups of organisms that live in or near
the bottom of lakes, rivers and oceans.

Effluents: Liquid waste or sewage discharged into a river, lake
or stream.

Eutrophication: The process by which nutrient-rich water,
often from agricultural runoff, causes excessive algae
growth. It may kill aquatic animals due to a lack of oxygen
in the water.

Supplemental information

Reducing nutrients and contaminants from wastewater is vital
for the health of surface and groundwater. Water pollution can
harm plants and animals and reduce the availability of fresh
water.

The primary agricultural pollutants of concern in the Midwest
and the Mississippi River basin are atrazine, nitrogen and
phosphorus. The Mississippi River basin drains approximately
41% of the land area of the contiguous U.S,, ranging as far west
as ldaho, north to Canada and east to Massachusetts. Rain in
the Mississippi's watershed washes soil, organic debris, nitrogen
and phosphorous fertilizers, and atmospheric deposition of
oxidized nitrogen from the combustion of fossil fuels into the
Gulf of Mexico.

Most land in the Mississippi's watershed is farmland. Each
spring, as farmers fertilize their land in preparation for crop
season, rain washes fertilizer off the land and into streams,
rivers, and then the Gulf of Mexico. This leads to a dead zone
in the gulf. Farming practices in the Midwest must be modified
to reduce the amount of nitrogen and phosphorous leaving
crop fields.

Recommendations to reduce water contamination include
reducing fertilizer use; alternating crops grown each year;

and timing fertilizer applications so rain won't wash them into
water. The primary concern with row crops is a loss of nitrogen.
Recommendations to reduce water contamination by nitrogen
include incorporating manure into the soil; using filter strips
between fields and surface water; and not applying manure

to fields in winter.

Wastewater Recycling m



Agricultural crop production also causes eutrophication
concerns in the Great Lakes. For example, in 2014 the city
of Toledo, Ohio, warned it residents not to drink or use the
ater due to toxins from eutrophication in drinking water.

Aquaculture uses less water than conventional food production
aquaculture practices but can discharge large quantities of
nutrients into the environment because of non-treated, or
poorly treated, wastewater.

Nutrients and organic matter released from aquaculture farm
effluents affect the water ecosystem by depleting oxygen
through overgrowth of cyanobacteria and microalgae. The
primary waste products of aquaponics are the fish solids
and uneaten food. Fish solids must be removed to maintain
a healthy water quality. Nutrient-rich water is removed when
cleaning out fish solids, and plant roots and other inedible
plant parts culled during harvest are also waste products
generated by aquaponics systems.

The wastewater from aquaponics systems can contain
biological, chemical and physical contaminants. It's high
organic matter, and dissolved nutrients can be a pollution
source. These pollutants can cause eutrophication, oxygen
depletion and degradation of benthic communities if not
handled properly. Excessive feeding causes sediment to
accumulate, which can increase the dissolved biological
oxygen demand of bacteria in the water system.
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Despite using less land and water than conventional food
production, aquaponics continues to require high energy
input and creates considerable nutrient wastes, leading
to high operational and maintenance costs. These costs
challenge economic sustainability, a main barrier to wider
adoption. Although growers are widely interested in the
potential of aquaponics, existing gaps in research on
animal-plant-microbe co-management, benefit-risk
assessment and financing inhibits initial engagement.
Consequently, two of the goals of the BiG research are to:

« Design, construct and evaluate a resilient and sustainable
food production system (FPS) that integrates aquaponics
with microalgae cultivation, anaerobic digestion and
biorefining processes.

» Assess economic and environmental performance of
Integrated Aquaponics Food Production System (IAFPS)
and develop evidence-based management practices and
business models.




WASTE DISPOSAL

Date:

WORKSREET

Complete the following sentences.

1. Effluent from pipes is an example of pollution.

2. of pollution are particularly difficult to regulate because they come from many sources and
may contain multiple pollutants.

3. systems serve communities.
4, systems serve individual homes in rural areas.
5. PPCPsare

6. Neither municipal sewage treatment plants nor septic systems are equipped for

7. were the most frequently found PPCP in water samples and are believed to cause ecological harm.

8. exposure risks are higher than human risks because organisms have continual
exposures, multigenerational exposures, exposure to higher concentrations, possible low-dose effects.
(The same word fills both blanks.)

9. The primary waste products of are the fish solids and uneaten food.
10. Pollutants can cause , oxygen depletion and degradation of benthic communities.
11. Eutrophication is that causes a profuse growth of algae and phytoplankton and increased

availability of organic carbon.

12. BiG researchers are studying algal bioreactors because algae is for overall nitrogen removal
than vegetables.

Wastewater Recycling ﬂ



WASTE DISPOSAL
WORKSHEET ANSWER KEY

Class period:

Complete the following sentences.

point source

1. Effluent from pipes is an example of pollution.

Nonpoint sources

2. of pollution are particularly difficult to regulate because they come from many sources and
may contain multiple pollutants.

3. Municipal systems serve communities.

4, Onsite systems serve individual homes in rural areas.

5. PPCPsare Pharmaceuticals and personal care products

6. Neither municipal sewage treatment plants nor septic systems are equipped for PPCP removal

7. Steroids were the most frequently found PPCP in water samples and are believed to cause ecological harm.

8. Aquatic exposure risks are higher than human risks because __aquatic organisms have continual
exposures, multigenerational exposures, exposure to higher concentrations, possible low-dose effects.
(The same word fills both blanks.)

9. The primary waste products of _@qUapONICS gre the fish solids and uneaten food.
10. Pollutants can cause _eutrophication  ,,yqen depletion and degradation of benthic communities.

1. Eutrophication is _Nutrient-rich water hat causes a profuse growth of algae and phytoplankton and increased
availability of organic carbon.

12. BiG researchers are studying algal bioreactors because algae is_More efficient for overall nitrogen removal
than vegetables.
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Contributing author: Halis Simsek, assistant professor,
Department of Agricultural and Biological Engineering

Student objective: Students learn to take and interpret
water quality measurements.

Next Generation Science Standards
= NGSS Standard: HS-ETS1-1

AFNR Content Standards

« ESS.01.02. Properly utilize scientific instruments in
environmental monitoring situations (e.g., laboratory
equipment, environmental monitoring instruments, etc.).

« ESS.03.02. Apply soil science and hydrology principles
to environmental sustainability systems.

» ESS.03.03. Apply chemistry principles to environmental
sustainability systems.

Materials/Supplies
= Aquaponics WQ.pptx
= Aquarium water test kit ($10-$40 online)

« WQ and Aquaponics worksheet, page 56, Answers page 57

Direct instruction: Students monitor the water quality
of their system.

Aquaponics WQ.pptx

= Introduction, slides 1-8.

« Activity 1. Water quality testing, slide 9.

» If you do not have an aquaponics system or aquarium,
you can test water collected from a river, lake or stream.

» Test the water daily, Monday to Friday, and record the
values.

» Keep records of the day and time you test and any
changes to your system.

» Review any changes or trends in the water quality at the
end of each week, and note any problems or correlations
you see.

= BiG research water quality monitoring, slides 10-11.
= Activity 2. Learning water quality terms, slide 12.

» Students can cut, fold and tape the flashcards.

» Suggestions for use are on slide 12 but you can use them
in many ways.

= BiG research focuses on the integration of microalgae
cultivation, anaerobic digestion and biorefining processes
in the aquaponics system.

sy \Water Quality and Aquaponics E

Assessment

« Teacher’s analysis of the knowledge their students gained.

= Students’ ability to monitor and record water quality data
over time.

« A competition to see who can identify the water quality
terms the fastest.

Supplemental information

Goldfish are in the carp family, a hardier species than many
other fish found in home aquariums. While these fish have a
preferred temperature range that reduces stress and lowers
their tendency to get sick, it is less critical than for many
other common aquarium fish.

Aguaponics uses less land and water than conventional food
production but requires high energy input and creates con-
siderable nutrient wastes, leading to high operational and
maintenance costs. Up to 20% of the nutrient-rich aquapon-
ics wastewater — composed of ammonia, nitrites, nitrates,
phosphates and organic carbon — must be discharged daily
to maintain water quality, leading to potential environmental
impacts. Before discharging to a waterway, large-scale
farms must clean the wastewater to meet the expectations
of the EPA's National Pollutant Discharge Elimination System
permit. That generates additional maintenance costs. In
contrast, small farms do not need discharge permits, so
may be fouling the environment.
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AQUAPONICS WORKSHEET | cus e

Fill in the blank.

A measure of water’s ability to neutralize acids or resist changes that cause acidity, maintaining a stable pH of
8 or higher, is

The amount of dissolved oxygen aerobic biological organisms need to break down organic material in a given water
sample at a certain temperature over a specific time period is called the

The amount of oxygen needed to oxidize organic matter in water is called

The amount of oxygen present in water is called

reflects the amount of dissolved calcium and magnesium in water.

The name for NH_-N:

The name for NO,-N:

The name for NO_-N:

The quantitative measure of the acidity or basicity of water is called

One of the major plant nutrients in soil essential for cell division and development of the growing tip of the plant is

The level of heat present in water is

A measure of the dissolved organic and inorganic substances present in water is called

The amount of organic and inorganic particles suspended in water is called

alkaline hardness temperature

ammonia nitrogen nitrate nitrogen total dissolved solids (TDS)
biochemical oxygen demand (BOD) nitrogen dioxide total suspended solids (TSS)
chemical oxygen demand (COD) pH

dissolved oxygen (0) phosphorus
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Class period:

Fill in the blank.

A measure of water’s ability to neutralize acids or resist changes that cause acidity, maintaining a stable pH of
8 or higher, is alkaline

The amount of dissolved oxygen aerobic biological organisms need to break down organic material in a given water
sample at a certain temperature over a specific time period is called the biochemical oxygen demand (BOD)

The amount of oxygen needed to oxidize organic matter in water is called _chemical oxygen demand (COD)

The amount of oxygen present in water is called dissolved oxygen (0)

Hardness reflects the amount of dissolved calcium and magnesium in water.

The name for NH -N: ammonia nitrogen

The name for NO,-N: nitrogen dioxide

The name for NO_-N: nitrate nitrogen

The quantitative measure of the acidity or basicity of water is called PH

One of the major plant nutrients in soil essential for cell division and development of the growing tip of the plant is
phosphorus

The level of heat present in water is temperature

A measure of the dissolved organic and inorganic substances present in water is called total dissolved solids (TDS) .

The amount of organic and inorganic particles suspended in water is called total suspended solids (TSS) .

alkaline hardness temperature

ammonia nitrogen nitrate nitrogen total dissolved solids (TDS)
biochemical oxygen demand (BOD) nitrogen dioxide total suspended solids (TSS)
chemical oxygen demand (COD) pH

dissolved oxygen (0) phosphorus
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Contributing authors: Abigail Engelberth, associate professor,
Department of Agricultural and Biological Engineering and
Jen-Yi Huang, associate professor, Department of Food Science

Student Objective: Students learn what a zero-waste,
grid-independent and economically viable system entails.

Next Generation Science Standards

» NGSS Standards: HS-LS-6, HS-LS2-7, HS-ETS1-3

= Disciplinary Core Ideas and Crosscutting Concepts:
HS-LS2-4, HS-LS2-5

Materials/Supplies

« ZeroWaste Gridindep.ppt

« Defining a Zero-Waste, Grid-Independent, and
Economically Viable Aquaponics System worksheet,
page 60 (one per 1-2 students). Answers, page 61

« Definition Questions, page 61 (one per 1-2 students )
Answers, page 62

« Pencil or pen

Activity.
Direct instruction: Students complete a worksheet to
understand definitions of zero-waste, grid independence
and economic viability.
= Introduce the activity using ZeroWasteGridlndep.pptx, slides 1-5.
= Assignment, slide 6.
» Zero Waste worksheet (Zero Waste, Grid Ind worksheet.pdf)
+ Suggestion to teacher: A short competition where
students face off on each topic. Whoever defines it
correctly first wins a point for their team (or loses
a point by shouting out an incorrect answer, which
makes them stop and think before they answer).
» Definitions worksheet (Definition Q&A.pdf)
+ See if students can complete this worksheet after
they grade the first worksheet.
« Grading: Self, by classmate or hand in (as desired)
= Suggestion to teacher: A project in which students work in
small groups to design their own zero-waste, grid indepen-
dent and economically viable aguaponics system. You might
be surprised by how innovative they can be.

Discussion, suggested questions
ZeroWasteGridIndep.pptx
= Answers to the Q&A activity, slides 6-8.
Economic Viability
A product or project is economically viable if its economic
benefits exceed its economic costs, when analyzed for
society as a whole. A project’s economic costs are not
the same as its financial costs.
= Externalities and environmental impacts must be considered.
= Economic impacts on people who may not benefit from the
product must also be considered.
Energy independence
Eliminating reliance on energy a power company supplies.

« Reducing fossil fuel use, the source of 60% of U.S. electric power

= Autonomy from the national electric grid

« Produce more energy than you consume

» Goal: reduced energy costs
Zero Waste
Maximize recycling, minimize waste, reduce consumption,
and ensure that products are designed to be reused, repaired
or recycled back into the environment or marketplace.

« Both community and industry are responsible.

= Summary, slide 9.

Supplemental information

Aqguaponics integrates aquaculture and plant production sys-
tems (often as hydroponics) into a single closed/semi-closed
loop system. This is called an integrated food production system
(FPS). While FPS uses less land and water than conventional
food production, aquaponics continues to require high energy
input and creates considerable nutrient wastes, leading to high
operational and maintenance costs. These costs challenge eco-
nomic sustainability, a main barrier to wider adoption. Although
growers are widely interested in the potential of aquaponics,
existing gaps in research on animal-plant-microbe co-manage-
ment, benefit-risk assessment and financing hold them back.

Technical and economic barriers currently make only a few
U.S. aquaponics producers commercially successful. The over-
arching goal of the BiG project is to increase local and regional
production of adequate, nutritious and affordable blue foods
with a minimal environmental footprint to diversify U.S.
agricultural systems and dietary patterns.

= Increased use of artificial intelligence (Al) is having a
significant impact on power usage and energy use. In 2024,
Microsoft confirmed (https://www.npr.org/2024/07/12/
g-s1-9545/ai-brings-soaring-emissions-for-google-and-
microsoft-a-major-contributor-to-climate-change) that its
greenhouse gas emissions rose an estimated 29 percent
since 2020 due to new data centers (https://www.popsci.
com/technology/microsoft-nuclear-fusion-helion/) specifi-
cally “"designed and optimized to support Al workloads.’ Google
has also calculated (https://www.gstatic.com/gumdrop/
sustainability/google-2024-environmental-report.pdf) that its
own pollution generation has increased as much as 48 percent
since 2019, largely because of data center energy needs.

= Appraising project economic viability. See https://ppp.world-
bank.org/public-private-partnership/assessing-project-
feasibility-and-economic-viability from the World Bank.

» Fossil fuels — petroleum, natural gas and coal — accounted for
about 81% of total U.S. primary energy production in 2022,
https://www.eia.gov/energyexplained/us-energy-facts/#:~:-
text=Fossil%20fuels%E2%80%94petroleum%2C%20natural
%20gas,primary%20energy%20production%20in%202022

ey Zero-Waste, Grid-Independent and Economically Viable Aquaponics System: Is it Possible? E



DEFINING A ZERO-WASTE, | =
POWER-NDEPENDENT, | e
AND ECONOMICALLY
VIABLE AQUAPONICS

SYSTEM WORKSHEET

Indicate if the Goal of each i i
Consideration listed refers Consideration

to Energy independence (El),

Economic viability (EV), or Analyze society as a whole
Zero Waste (ZW) in the
column on the left. Autonomy from the national electric grid

Both community and industry have responsibility

El: Energy independence
Eliminating reliance on energy Economic benefits exceed its economic costs

supplied by a power company.
Economic impacts that affect persons who may not benefit from a product

EV: Economic viability

A product or project is economically Eliminating reliance on a power company

viable if its economic benefits exceed

its economic costs, when analyzed Ensure that products are designed to be reused, repaired or recycled
for society as a whole. The project’s

economic costs are not the same as Externalities and environmental impacts must be considered

its financial costs; externalities and

environmental impacts must

i Maximize recycling
be considered.

ZW: Zero waste Minimize waste

Maximize recycling, minimize waste,

reduce consumption and ensure that More than just financial costs

products are designed to be reused,

repaired, or recycled back into the Produce more energy than you consume

environment or marketplace.
Reduce energy consumption

Reduced energy costs

Reducing use of fossil fuels, the source of 60% of U.S. electric power
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Class period:

ANOWER KEY

Indicate if the Goal of each
Consideration listed refers
to Energy independence (El),
Economic viability (EV), or
Zero Waste (ZW) in the
column on the left.

El: Energy independence
Eliminating reliance on energy
supplied by a power company.

EV: Economic viability

A product or project is economically
viable if its economic benefits exceed
its economic costs, when analyzed
for society as a whole. The project’s
economic costs are not the same as
its financial costs; externalities and
environmental impacts must

be considered.

ZW: Zero waste

Maximize recycling, minimize waste,
reduce consumption and ensure that
products are designed to be reused,
repaired, or recycled back into the
environment or marketplace.

m Consideration

EV Analyze society as a whole
El Autonomy from the national electric grid
ZW Both community and industry have responsibility
EV Economic benefits exceed its economic costs
EV Economic impacts that affect persons who may not benefit from a product
El Eliminating reliance on a power company
ZW Ensure that products are designed to be reused, repaired or recycled
EV Externalities and environmental impacts must be considered
ZW Maximize recycling
zw Minimize waste
EV More than just financial costs
El Produce more energy than you consume
ZW Reduce energy consumption
El Reduced energy costs
El Reducing use of fossil fuels, the source of 60% of U.S. electric power
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POWER-NDEPENDENT, | e
AND ECONOMICALLY

VIABLE AQUAPONICS

SYOTEM WORKSHEET

Complete the following statements.

Energy independence

= Definition: Eliminating reliance on supplied by a power company.
= Reducing use of fossil , the source of 60% of U.S. electric power

= Autonomy from the national energy grid.

» Produce energy than you consume.

= Goal: Reduced energy

Economic viability

= Definition: A product or project is economically if its economic benefits exceed its economic ,

when analyzed for society as a whole.

« The economic costs of the project are not the same as its costs.

« Externalities and environmental must be considered.

» The economic impacts on people who may not from the product must also be considered.

Zero waste

« Definition: maximize , minimize , reduce , and ensure that products are designed
to be reused, repaired or recycled back into the or

« Who is responsible? Both and industry.

Summary

A zero-waste, grid-independent, and economically viable aquaponics system would be possible when:

« All waste is used within the system or by complementary systems.
« All power requirements are generated by wastes from the system.

= The costs of production, including all inputs and outputs, are less than the income generated by the system.
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VIABLE AQUAPONICS
SYOTEM WORKSHEET

Complete the following statements.

Energy independence

. Definition: Eliminating reliance on ____€N€r3Y  supplied by a power company.
» Reducing use of fossil fuel , the source of 60% of U.S. electric power

= Autonomy from the national electricity energy grid.

- Produce ___more energy than you consume.

. Goal: Reduced energy COnsumption

Economic viability

= Definition: A product or project is economically viable if its economic benefits exceed its economic __ C9StS ,
when analyzed for society as a whole.

= The economic costs of the project are not the same as its financial costs.

= Externalities and environmental impacts must be considered.

= The economic impacts on people who may not benefit from the product must also be considered.

Zero waste

. Definition: maximize _ "€CYCiNg  minimize  Waste  roqyuce CONSUMPLION 14 ensure that products are designed

to be reused, repaired or recycled back into the __environment . marketplace

= Who is responsible? Both communities and industry.

Summary

A zero-waste, grid-independent, and economically viable aquaponics system would be possible when:

= All waste is used within the system or by complementary systems.
= All power requirements are generated by wastes from the system.

= The costs of production, including all inputs and outputs, are less than the income generated by the system.
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