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INVESTIGATION 1: MATERIAL GOODS AROUND US

Learning Outcome: Identify and consider the useful lifespan of products to begin
considering sustainable consumption and disposal practices.

Materials b. How long do you think each item could

©0000000000000000000000 000 be used? This is called the item'’s lifetime.
It is an estimate of how long an item and

Per learner: the parts that make it up can last under

normal working conditions.

B “ltems in Your Homes" handout

c. What are the items made of? How do you
think this relates to the item'’s lifetime?

What to Do
©000000000000 0000000000000 d. Where was the item made? How far did
1. As a whole group, make a list of ten items the item have to travel to get to us? If it
you see around the room. didn't have to travel far, the item can be
considered to have been sourced locally.
2. Looking at the class list: If the item does have to travel far, it is

considered imported.
a. How long do you expect to use each

item? Do you consider each item e. What will you do with each item when it
temporary or permanent? breaks or when you are done with it?
Version: June 14, 2024 Learner Guide: Consuming Sustainably | Investigation 1 | p1
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Investigation 1: Material Goods Around Us ESD Kits
3. With a partner, make a list of twenty items c. Why do you think responsible

you do (or might) have in your own homes consumption and production are

on the “Items in Your Homes” handout. important for people around the world?

These items can be from your bedroom,
kitchen, bathroom, garage, and so on.

4. With your partner, analyze the list of items
from your homes:

a. How long do you expect to have each
item? Do you consider each item
temporary or permanent?

b. What are the items made of? Are there
any similar materials that make up
the temporary items? What about the
permanent items?

c. Were the items mostly sourced locally or
imported? What about the materials in
them — where do the different materials
come from? Are those materials local or
did they come from far away?

d. How could you dispose of each item
when you are done with it?

e. Which items do you consider a necessity,
and which are a luxury? Circle the item(s)
on your list that you consider a necessity.
What did you consider while making your
decisions? Discuss your considerations.

5. With the whole group, share a couple items
and your analyses. Which items did others
also list? Did they agree about what were
the necessities? The luxuries?

6. Sustainable Development Goal (SDG)
12 is all about responsible consumption
and production.

a. What do you think about when you hear
“responsible consumption”?

b. What about when you hear
“responsible production”?

Version: June 14, 2024 Learner Guide: Consuming Sustainably | Investigation 1 | p2
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ITEMS IN YOUR HOMES

Temporary or
Permanent? Material(s) Method of disposal
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Consider
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1.

Review your list and the items you have
circled as being necessities. Compare the
number of luxury versus necessity items on
your list. Which category did you list more
of? Why do you think that is?

What was the most common disposal
method in your list? Is this a sustainable
disposal method? Why do you think so?

What are some ways material goods could
be consumed more sustainably?

Extensions

® © 06 06 06 0 0 0 06 0 0 0 06 0 0 0 0 0 O 0 0 0 0 0 00

1.

Version: June 14, 2024

Applying Concepts: Think about the life
cycle of one product (a computer, a cell
phone, a clothing item, or so on). What

do you think the environmental impacts

of the product or the process to make

the product may be? Complete a life cycle
analysis of the product to help determine
the environmental impacts of the product.
What are the raw materials that make

up that product? What goes into the
manufacturing or assembly of the product?
How is it transported and distributed? How
is the item used, and for how long? How is
the item disposed of?

Applying Concepts: Examine a map of
your community and identify stores where
material goods are sold by outlining them
in black ink. Also identify the building you
are in by outlining it or coloring it in yellow.
Create a Map Key for your community map
with a lot of room to add other items, as
you may continue to add to your map in
other Investigations.

Using Scratch®: Choose a product from your
list and create an animation showing its

life cycle:

a. Raw materials

——
[
ESD Kits

b. Transportation of raw material to
point(s) of manufacture

c. Manufacturing process

d. Distribution of finished product
e. Use

f. Possibly re-use

g. Disposable and recycling

Using Scratch®: Create a second animation
that incorporates ways in which the
processes could be changed to make them
more sustainable. For example, using
different raw materials, local sourcing

of raw materials, more energy efficient
manufacturing, less packaging, using
materials that can be more easily recycled.
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INVESTIGATION 2:
MODELING AND ASSESSING TYPES OF TRASH STORAGE

Learning Outcome: Build waste storage models and analyze leachate to compare
different methods of waste storage.

Materials

Per group: ® 2 small rubber bands

m small clear plastic bin (approximately 20 cm m food coloring
x10cm x 10 m [8" x 4" x 4"])
m clay (optional)
m small gravel
m 2 small plastic cups
® hand pump from soap dispenser
m small mesh strainer (<3") similar a tea
m plastic tubing (that fits on the end of strainer (https://amzn.to/3FIBooO)
the syringe)
m simulated trash, 3 scoops
m plastic syringe (20-40 ml)
m gloves for each learner
m nylon hose or cheese cloth, about 10 cm x
10 cm (4" x 4")

pH paper

Version: July 15, 2024 Learner Guide: Consuming Sustainably | Investigation 2 | p1
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Investigation 2: Modeling and Assessing Types of Trash Storage ESD Kits

B waste cup or bucket, labeled waste
B scissors

m water

B tape (optional)

m clear plastic wrap (optional)

® aluminum foil (optional)

m soil (optional)

What to Do

1. Construct the model landscape using the
Awesome Aquifer Kit or DIY materials.

a. Pour the gravel in the clear plastic kit
container and spread it out evenly.

b. Slowly pour about 75 mL (1/3 cup) of
water into the container. This simulates
the naturally occurring groundwater.

2. Build a model monitoring well:

a. Cut a small piece of nylon (about
2.5cm x5cm (1" x 2") and fold into a
smaller square.

b. The hand pump will serve as the well
pipe and pump. Cover the end of the
hand pump with the nylon square and
secure it with a rubber band. This creates
a well screen to keep gravel out of the
well pipe.

Credit: L. Brase

c. Place the covered side of the handpump
down so it reaches the bottom of the
gravel at the middle of one of the shorter
walls of the plastic container. Rearrange
the gravel around the well so it remains
vertical. If tape is available, you may also
use tape to keep the handpump vertical.
Now you can use this as your model
monitoring well.

Credit: L. Brase

3. Collect and analyze a groundwater sample:

a. Hold the top of the model monitoring
well with one hand and use the
other hand to pump the simulated
groundwater into the small plastic
cup. Fill the small plastic cup almost to
the top.

b. Write down observations of color and
test the pH of the water. Record your
data and observations in the data table
under the column titled "Well Prior to
Landfill Installation.”

c. Pour the water into the "Waste” bucket
and rinse out the small plastic cup.

4. Build a model landfill:

Version: July 15, 2024 Learner Guide: Consuming Sustainably | Investigation 2 | p2
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a. On the opposite side of the clear plastic
kit container from the monitoring well,
move some gravel around to create a
small depression.

b. Place the mesh strainer inside the
depression and rearrange the gravel to
surround it. This is your model landfill.

Credit: L. Brase

c. Build another well to place inside the
mesh strainer:

e Cut a small piece of nylon (about
25x5cm (1" x 2") and fold into a
smaller square.

* Cover the end of the plastic tube with
the nylon square and secure it with a
rubber band.

Credit: L. Brase

Version: July 15, 2024

d. Hold the plastic tube vertically with the
covered side down and touching the
bottom of the mesh strainer. Place and
compact the trash around the hose.

Credit: L. Brase

e. Optionally, put a couple scoops of sail
over the top of the landfill and compact
it down further.

5. Collect the water that has percolated
through the gravel, also known as
the leachate:

a. Simulate rainfall at the landfill by
sprinkling about 75 mL (1/3 cup) of
clean water over the half of the model
landscape where the landfill is located.

b. Wait 1 minute and then take samples at
both wells.

* Monitoring well: Use the handpump
to collect a small cup of water from
the monitoring well into a small
plastic cup.

* Well inside the landfill: Place the tip of
a syringe into the exterior end of tube
of the well inside the landfill. Pull the
syringe plunger to pump water from
the well in the landfill. Transfer it to a
second small plastic cup.

Learner Guide: Consuming Sustainably | Investigation 2 | p3
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c. Analyze the samples by observing the
color and taking the pH of the water.
Record your data and observations
in the data table under “Model 1:
Landfill" columns.

d. Repeat 2 more times and record
your data.

e. Once complete, clean out the
model landscape:

¢ Remove the wells and rinse them off.

* Empty the contents of the mesh
strainer into the garbage and rinse the
mesh strainer.

o Carefully drain the model landscape
and rinse out the gravel.

6. Assessing the model landfill:

a. Did the wells work? How could they have
been improved?

b. How did the water from the monitoring
well before the landfill was installed
compare to the water from that well
after the landfill was installed?

c. How did the water from the well inside
the landfill compare to the water from
the monitoring outside the landfill?

d. Was the landfill successful at containing
the trash? Was the landfill successful
at containing the pollutants within the
trash? Use evidence in your explanation.

7. Improving the landfill:

a. How could the water quality at the
monitoring well be improved? What
modifications could you make to
the landfill?

=
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b. Using materials that are available to you,

make modifications to the landfill so the
monitoring well is less polluted. Rebuild
the model landscape with both wells and
using your modified landfill.

. Test your design by repeating step 5.

. Use the data table, or one like it,

to record your observations in the
“Model 2: Modified Landfill" columns.
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Investigation 2: Modeling and Assessing Types of Trash Storage

Model 1: Landfill Model 2: Modified Landfill

Monitoring Monitoring
Well A

Monitoring Well

Prior to Landfill
Installation

=

ESD Kits

><
X

8.

Discuss your findings with the whole group.

Consider
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Were your modifications to the landfill
successful at reducing the well water
pollution? Back up your claim with evidence.

What other modifications would
you make to the landfill if you had
unlimited materials?

The landfill you modeled was open to the
environment and rain was able to enter.
When a landfill is full, it could be officially
closed. At that time a cap made of clay

or other impermeable material may be
put over the top to keep water out. What
do you think would happen if a landfill is
capped, and therefore little air and rain
can enter from the top? What do you think
would happen to the surroundings?

Many communities have specific regulations
for disposing hazardous chemicals or
hazardous waste. Why do you think that is?
What would happen if hazardous waste was
thrown away like normal waste?

Extensions

® & 06 06 0 0 06 06 0 0 06 0 0 0 0 0 0 0 0 0 0 0 0 0 00

Testing Variables: Items that end up in
waste storage are usually left to decompose
on their own. Do all items decompose?
How fast do different items decompose?
Test this out by conducting your own soda
bottle decomposition experiment. Collect
3-5 different natural items that you can
tear or cut apart (eggshells, apple cores,
banana peels, leaves, flowers, etc.) and 3-5
synthetic items (plastic bottles, Styrofoam,
glass, etc.). Cut off the top of a 2L bottle,
then add alternating layers of soil with

an item, then more soil and a different
item — repeating the layers until the 2L
bottle is full. Make a diagram with labels
for the layers in your 2L bottle. Monitor the
experiment over the next couple weeks or
months. Add small amounts of water each
week to keep the soil moist.

Applying Concepts: Knowing if items are
classified as hazardous waste will help

you dispose of them properly. There may
be some items in your building or at your
home that are considered hazardous waste
like drain cleaner, glass cleaner, furniture
polish, rug deodorizer, silver polish,

and mothballs.

Learner Guide: Consuming Sustainably | Investigation 2 | p5
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Investigation 2: Modeling and Assessing Types of Trash Storage

a. With an adult, place a sticker on items
that are considered hazardous waste to
help identify them.

b. Research more environmentally friendly
alternatives to these products.

c. Research how to dispose of the
hazardous waste materials in
your community.

Applying Concepts: A lot of food is thrown
away, which decomposes and gives off
methane, a greenhouse gas that contributes
to global warming.

a. Instead of throwing away excess food,
what could you do with it?

b. Conduct a food audit in your home for
one week. How much food is your family
eating? How much food is your family
throwing away? What does your family
do with parts of food that cannot be
eaten, such as some fruit peels, leaves,
or cores?

c. After conducting a food audit, analyze
your findings. In what ways could your
family reduce food waste? What could
your family do with leftover food instead
of throwing it away? What could they
do with the parts of food that cannot
be eaten?

4. Applying Concepts: Research where trash

5.

Version: July 15, 2024

goes in your community. Is waste storage
regulated? Is it lined? Is it capped? Is any
effort made to collect gas, such as methane,
from the waste storage facility? If so, does it
repurpose the gas for anything?

Applying Concepts: Examine a map of your
community and identify the waste storage
locations. Label them as “CL" for controlled
landfill, “D” for an uncontrolled landfill/trash
heap, and so on. Add these symbols to the
Map Key.

=
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6. Analyzing Data: Examine the graph,

Generation Tonnages, which displays data
about the amount and types of waste
generated in the United States from
1960-2018. This i s a compound line graph.
To read it, you examine the differences in
thickness of the different colors. This allows
you to see what percent (or fraction) of the
total each section (color) represents.

Learner Guide: Consuming Sustainably | Investigation 2 | p6
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Generation Tonnages, 1960-2018

400,000,000

300,000,000

200,000,000

Tons

100,000,000

1960 1970 1980 1990 2000 2005 2010

Year

2015

2017

2018*

Click on legend items below to customize itemns displayed in the chart

Il other

I Glass [ Paper & Paperboard [l Food [ Metals [l Misc Inorganic Waste
[ Plastics [ Rubber & Leather [l Textiles Wood [ Yard Trimmings

Credit: United States Environmental Protection Agency, https://bit.ly/3sHO8XQ

a. How has the total amount of waste
in the United States changed
throughout 1960-2018?

b. Which categories typically generate the
most waste throughout 1960-2018?

c. Which categories have similar
amounts of waste generated
throughout 1960-2018?

d. Which categories have increased in the
amount of waste generated between
1960 and 20187

e. Instead of throwing away items in these
categories, what could be done with
them when they become waste?

f. If these changes were implemented
across the United States, what might the
graph look like in the future?

Version: July 15, 2024
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INVESTIGATION 3A: PLASTICS AROUND US

Learning Outcome: Sort and analyze everyday plastics to become familiar with
international numbering system and different types of plastics.

What to Do

Materials

Per learner: 1. Observe the plastic items with your team.
Discuss similarities and differences between

B “Properties of Plastics” handout the items.

Per group: 2. Group the plastics based on your

observations. On what did you base

Version: July 15, 2024

10-15 everyday plastics (can use again in
Investigation 3B). Some examples could
include plastic water bottles, plastic wrap,
plastic bags, plastic juice or milk containers,
plastic packaging, etc.

“Recycling rules for your

community” handout

your groupings?

. Walk around to other groups and see how

they organized their plastic items and
think about how the groupings compared
to yours.

. Find the international recycling symbol.

Re-sort the plastics based on the number
inside. If items don't have a number, sort
them into an unlabeled group.

Learner Guide: Consuming Sustainably | Investigation 3A | p1
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Investigation 3A: Plastics Around Us

a. Make comparisons within the groupings
based on appearance, color, flexibility,
size, and other characteristics.

b. On the “Properties of Plastics” handout,
fill in the columns “Types of Items” and
“Properties” with your group.

Discuss your findings with the whole group.
Make additions and revise your handout
as necessary.

Regroup your items into Single Use and
Reusable categories.

a. Are there any similarities between
items in the Single Use category? What
are they?

b. Are there any similarities between items
in the Reusable category? What are they?

c. Which types of plastic tend to fall into
the Single use category? What about the
reusable category?

Consider

® © 06 06 06 0 0 0 06 0 0 0 06 0 0 0 0 0 O 0 0 0 0 0 00

Examine the properties of #4 recyclable
plastics. Why do you think these aren't
commonly recycled?

Choose one single-use plastic item from
your group. Are there alternative materials
from which the object could have been
made? Can those materials be recycled, or
reused? Are there ways to eliminate the
need for the item altogether?

3. Recycling in your community:

~

ES(D Kits

a. What are the plastic recycling rules for
your community? Are you allowed to mix
different plastics together to be recycled?
Do you have to sort them? Do you need
to remove labels or wash them? How
might such requirements affect the
amount of plastic that is recycled?

b. Why do you think it is important to follow
the recycling rules in your community?

4. According to The United National
Environmental Programme
(www.UNEP.org), “Researchers estimate
that more than 8.3 billion tonnes of plastic
has been produced since the early 1950s.
About 60% of that plastic has ended up in
either a landfill or the natural environment.”
Why do you think that is? How could that
statistic be improved?

5. What are ways you and those in your
community can use plastic more wisely?

Extensions

® © 06 0 06 0 0 0 06 0 0 0 0 0 0 0 0 O 0 0 0 0 0 0 00

1. Applying Concepts: If not completing
Investigation 3B, reuse the plastics from this
Investigation to make a toy or artwork.

2. Applying Concepts: Inventory and analyze
the plastics in the building you are in or
your home. Which type of plastics are most
common? Do they exhibit similar properties
as you observed in the investigation? Are
they single use or reusable?

3. Applying Concepts: Examine a map of your
community and identify recycling locations.
Research locations as needed. Color code
or label the locations and add these colors/
symbols to the Map Key.

Learner Guide: Consuming Sustainably | Investigation 3A | p2
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PROPERTIES OF PLASTICS

Interna-
tional

Recycling Can it be
Number Types of Items Properties Polymer recycled?

Unlabeled

Version: July 15, 2024 Learner Guide: Consuming Sustainably | Investigation 3A | p3
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Learning Outcome: Explore the densities of plastic items to determine if items will
sink or float in water and the possible impacts on ocean animals.

Materials

® © 06 0 06 0 0 0 06 0 0 0 0 0 0 0 0 O 0 0 0 0 0 0 00

Per group:

tall transparent container, about 0.5 m deep
(1.5-2 foot deep), such as a clear bucket
(https://bit.ly/3wjJhNa) or a clear container
(https://thd.co/37HqGCy)

10-15 plastic items (can reuse the ones
from Investigation 3A)

set of “Ocean Feeder” cards

“Water Column Cross Section” handout

Per learner:

Version: July 15, 2024

“Plastics in the Water Column” handout

What to Do

® © 06 0 06 0 0 0 06 0 0 0 0 0 0 0 0 O 0 0 0 0 0 0 00

3.

Make a list of some plastic items you have
used or seen before. If these items end up
in a river or lake, what would they affect?

Experiment with plastic items —
determining if they can sink or float.

a. Analyze each plastic item and record the
Resin ID Code (RIC) in the chart on the
“Plastics in the Water Column” handout.
Make a prediction if the plastic will float
or sink in water.

b. Fully submerge each item and rotate it
around to remove all the air from inside.
Then observe if it floats or sinks. Record
the results.

c. Why do you think some objects floated
and others sank?

Analyze the plastic items using density.
a. The density of fresh water is around 1.00
g/ml and the density of salt water near

the oceans’ surface is around 1.03 g/ml.

* Why do you think salt water is more
dense than fresh water?

Learner Guide: Consuming Sustainably | Investigation 3B | p4
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* How can density be used to predict if an item will sink or float?
b. Examine the density table and analyze the types of plastics.
* Which types of plastic will float in both fresh and sea water? Explain your reasoning.

* Does that match your findings? Explain.

Resin ID Name Density (g/mL) Uses
Code
Plastics
1 PETE 1.38-1.39 Soft drink and water bottles,
peanut butter containers, salad
Polyethylene dressing and vegetable oil
terephthalate containers
£ HDPE 0.95-0.96 Milk jugs, detergents, household
cleaners, motor oil containers,
High-density some garbage bags, butter and
polyethylene yvogurt tubs
3 PVC 1.16-1.45 Clear food packaging, medical
equipment, siding, piping,
Polyvinyl chloride windows, shampoo bottles
4 LDPE 0.92-0.94 Sgueezable bottles, various bags
(for bread, frozen food, shopping
Low-density and dry cleaning), clathing,
polyethylene furniture
5 PP 0.90-0.91 Syrup bottles, ketchup bottles,
caps, straws, medicine bottles
Polypropylene
5] Ps 0.020-1.07 CD cases, meat trays, eqg
cartons, disposable plates
Polystyrene (two and cups
kinds)
T Other Varies VD cases, iPod packaging, signs
and displays, nylons
Many kinds

Credit: Monterey Bay Aquarium, https://bit.ly/39zvZV5

4. Let's think about plastic in the ocean.
a. How do you think plastic can get into bodies of water (lakes, rivers, oceans)?
b. How do you think plastic can impact animals in the ocean?

5. Marine animals feed in different oceanic zones. There is the surface zone which is where the water
meets air. There is the pelagic zone which is the entire depth of the open water column where fish
swim and plankton drifts (which can be further divided into zones by how much light there is an
overall depth). Finally, there is the benthic zone which is on or near the ocean floor.
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a. Divide up the Ocean Feeder cards
between your group members.

b. On your own, answer the following
questions for each animal you are
in charge of: What animal are you
analyzing? Where does the animal feed?
What plastics could affect this animal
and how?

¢ On the Water Column Cross Section
activity sheet, draw or write the name
of the animals where they would
feed on the water cross section. Next
to the name of the zone, write the
plastic RIC's that could pollute the
feeding zone.

* How might the shape and size of a
plastic object impact if an animal
is affected?

c. Discuss each animal with your
group members and answer the
following questions:

* What animals feed at the surface?
What plastics could affect these
animals? Why?

* What animals feed in the open water?
What plastics could affect these
animals? Why?

* What animals feed on the sea floor?
What plastics could affect these
animals? Why?

* How might the shape and size of a
plastic object impact if an animal
is affected?

d. On the Water Column Cross Section
activity sheet, draw or write the name
of the other animals from your group,
and where they would feed on the water
cross section. Next to the name of the
zone, write the plastic RIC's that could
pollute the feeding zone.

=

ESD Kits

Consider
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2.

What would happen if the plastics you
tested made it to the ocean? Which plastics
that you tested would impact the western
gull? What about the sea otter?

A large portion of plastic pollution in the
ocean is discarded fishing nets, called
ghost nets. Other fishing debris can include
abandoned lines, ropes, crates, baskets,
and fish-aggravating devices. What issues
might these cause to marine life?

Extensions

® © 06 0 06 0 0 0 06 0 0 0 0 0 0 0 0 O 0 0 0 0 0 0 00

Applying Concepts: Reuse the plastics from
this Investigation to make a toy or piece of
artwork.

Applying Concepts: Examine a map of your
community and identify rivers, streams,
bays, and/or oceans that could provide a
way for waste and pollution to move within
your community. Research locations as
needed. Color code or label the waterways
and add these colors/symbols to the Map
Key.

Using Scratch®: Create a Scratch® game or
animation that explores the effect of plastic
pollution on marine life. Here are some
Scratch® projects you can look at, learn from
or remix: https://scratch.mit.edu/search/
projects?q=plastic%20in%20the%20ocean

Learner Guide: Consuming Sustainably | Investigation 3B | p6
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PLASTICS IN THE WATER COLUMN

Prediction: Results:
Plastic item RIC sink or float? sink or float?
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WATER COLUMN CROSS SECTION

Surface Feeders

Pelagic Feeders

Benthic Feeders
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OCEAN FEEDER CARDS

Black-footed albatross Surface and Pelagic Feeder
Phoebastria nigripes size: wingspan up to 7 ft.
(215 cm) and 7.7 Ibs. (3.5 kg)

This seabird spends three years at sea when it first
leaves the nest. It lands on the water to sleep and eat.
It locates prey with a keen sense of smell. Parents
regurgitate their prey to feed their chicks.

Diet: squid, fish, fish eggs, crustaceans

Feeding Strategy: forages on the surface while
Black-footed Albatross swimming or dives underwater to catch food with beak
Habitat: open ocean (sandy shore during breeding)

Giant sea bass Pelagic and Benthic Feeder
Stereolepus gigas size:to 8.2 ft. (2.5 m), 562 Ibs.
(255 kqg)

These fish are able to quickly and dramatically change
colors. Often known as black sea bass, these large fish
aren’t known for speed. Thus they often feed on the
ocean floor.

Diet: sting rays, skates, lobster, crabs, flatfish

Feeding Strategy: catch prey by rapidly opening large
Giant Sea Bass mouth; hide in shadows of kelp to ambush some prey
Habitat: open water

Giant Pacific octopus Benthic Feeder
Enteroctopus dofleini  size: to 50 Ibs. (23 kg) and
15-ft. (4.5 m) wide

This octopus has over 2,000 suckers through which it
grips, smells and tastes. It is able to change its color to
camouflage into its surroundings.

Diet: clams, abalone, rockfish, crabs, other octopuses
Feeding Strategy: catches food with suckers and
crushes with beak

Habitat: reefs and pilings

Ocean sunfish Pelagic Feeder
Mola mola size:to 14 ft. (4.3 m), 5,000 Ibs.(2,268 kg)
(up to 1,000 Ibs. in Monterey Bay)

This fish hatches from a tiny egg and grows up to be
the size of a small pickup truck. Ocean sunfish live in
almost all of the world's oceans and often swim at the
surface sometimes appearing to sunbathe!

Diet: jellies, plankton, small fishes like anchovies
Ocean Sunfish Feeding Strategy: slurps food through fused teeth,
shredding prey until its small enough to swallow
Habitat: open water

Credit: All: Monterey Bay Aquarium, https://bit.ly/39zvZV5
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Black sea turtle Pelagic Feeder
Chelonia agassizii  size:to 4 ft. (1.2 m)

This sea turtle is actually a type of green sea turtle. As
a juvenile, it feeds in the open ocean on invertebrates,
algae and jellies. As an adult, it becomes primarily an
herbivore and moves closer to shore, eating sea plants.

Diet: jellies, invertebrates, sea plants, algae

R Vi Feeding Strategy: uses sharp beak to cut and
S Black Sea Turtle tear its food.

Habitat: open water

Western qull Surface Feeder
Larus occidentalis  size: 24-27 inches (61-70 cm)

To break open prey like clams and sea urchin, this sea-
bird drops its food from high in the air to hard surfaces
below. Often fed by humans, contaminants in people
food can harm its health.

Diet: fishes, carrion (dead animals), marine
invertebrates, birds, birds’ eggs, garbage

Feeding Strategy: uses beak to catch small fish at

the surface

Habitat: coastal water

Western Gull

Common dolphin Pelagic Feeder
Delphinus delphus  size: to 8 feet (2.5 m),
250 pounds (113 k@)

These dolphins travel in pods of up to 2,000 animals.
They are extremely active and ride the waves of large
ships and whales. They work together to herd schools
of fish into a tight ball and then eat them.

Common Dolphin Diet: fishes and squid
Feeding Strategy: catches prey with beaklike mouth

Habitat: open water

Southern sea otter Benthic Feeder
Enhydra lutris  size:to 5.5 ft. (1.7 m)

An otter hunts on the seafloor but returns to the
surface to eat. It uses its chest as a table. An otter has
pockets of skin under each forearm where it can keep
prey or tools to crack open its food.

Diet: crabs, snails, urchins, clams and other benthic
Southern Sea Otter invertebrates

Feeding Strategy: uses paws to catch and open food
Habitat: kelp forest

Credit: All: Monterey Bay Aquarium, https://bit.ly/39zvZV5
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INVESTIGATION 4A:
ASSESSING HOW ITEMS ARE PACKAGED

Learning Outcome: Analyze how goods are packaged to assess the type and amount
of materials used.

Materials What to Do

1. What are some ways items are packaged?

Per group: Brainstorm with your group and write
your ideas on the Packaging Assessment
m “Recycling Rules for Your handout. Four categories are listed to get
Community” handout you started. What other two categories can

your group think of?
B “Packaging Assessment” handout

2. Analyze each item your group received.

m 5 pieces of different types of packaging Discuss the questions below and
(food wrappers, bottles, boxes, plastic bags, rate your packages on the Packaging
boxes with Styrofoam, etc.) Assessment handout.

a. What types of material(s) is the
packaging made of?
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b. What do you consider the purpose of
the packaging (to hold liquid, to keep
food fresh, to mail the item, to protect
fragile items, to serve a food item to a
customer, etc.)?

c. What do you think was the useful
lifetime of the packaging (i.e., how long is
the item in the packaging)?

d. When it is time to dispose of the
packaging, how should each component
be disposed? Is it clear on the packaging
whether or not it can be recycled?

Compare your items to each other:

a. Which packaging do you consider to
be the most eco-friendly? Why do you
think so?

b. Which packaging do you consider to
be the least eco-friendly? Why do you
think so?

c. Are there any similarities between
packages that scored higher? What about
between packages that scored lower?

Consider

® © 06 06 06 0 0 0 06 0 0 0 06 0 0 0 0 0 O 0 0 0 0 0 00

1.

Version: July 15, 2024

How could the packaging that you analyzed
be changed to make it more eco-friendly?

Why do you think some items have more
packaging than others?

How do you think the packaging for natural
items compares to those for processed
items (e.g., potatoes compared to

potato chips)?

Think about why consumers may purchase
natural or processed items, and why
consumers may purchase items as single
serve or in bulk.

——
[
ESD Kits

a. What role could sustainability play in why
items are purchased?

b. What role could advertisers play in why
items are purchased?

Extensions

® © 06 0 06 0 0 0 06 0 0 0 0 0 0 0 0 O 0 0 0 0 0 0 00

1.

Applying Concepts: Think about the
different packaging you use at home. What
changes could your family make to dispose
of less packaging? What packaging items
could you reuse that you would normally
throw away?

Applying Concepts: Conduct a packaging
audit at home. For each type of packaging,
answer the questions listed in step 2 of the
Investigation and rate the packaging on the
“Packaging Assessment” handout.

Applying Concepts: Think about all the
different roles in a retail trade system —
producer, advertiser, consumer, waste
manager, and so on. How do these roles
relate to one another? How could these
roles individually improve sustainability in
their role in the system?

Applying Concepts: Imagine you are an
advertiser for a product that you have
designed to be sustainable in some specific
way. What is the product? What makes it
sustainable? How would you communicate
the sustainable features to convince
consumers to purchase this product?

How would you make the advertisement
effective, while also being catchy? Draw up
your design ideas for the packaging or store
display, write a script for a commercial,

or design a Scratch® project to share

your ideas.

Analyzing Data: Examine the graphic,
“Plastic waste generation by industrial
sector,” which displays global data collected
in 2015.
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a. What percentage of plastic waste was generated by the packaging sector?
b. Why do you think packaging generated the most plastic waste in the industrial sector in 2015?

c. How do you think the amount of packaging waste when the data were collected would compare
to current data? Why do you think this?

Plastic waste generation by industrial sector, 2015 m

Global plastic waste generation by industrial sector, measured in tonnes per year.

Packaging 141 million tonnes

Textiles - 42 million tonnes
Other sectors - 38 million tonnes

Consumer & Institutional Products 37 million tonnes

Transportation 17 million tonnes
Building and Construction | 13 million tonnes
Electrical/Electronic 13 million tonnes

Industrial Machinery | 1 million tonnes

0 tonnes 40 million tonnes B0 million tonnes 120 million tonnes

Source: Geyer et al. (2017) CC BY

Credit: Our World in Data, https://ourworldindata.org/faq-on-plastics

6. Analyzing Data: Examine the graphic, “Total packaging waste in 2015.”
a. What stands out to you about the graphic?

b. Why do you think only 14% of packaging waste was recycled in 2015?

Version: July 15, 2024 Learner Guide: Consuming Sustainably | Investigation 4A | p3
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)

Effectively recycled, 2%

Recycled into lower-value
applications, 8%

Lost in process, 4%

Source: World Economic Forem, 2076

Credit: World Economic Forum, 2016, https://www.unep.org/resources/report/single-use-plastics-roadmap-sustainability
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Investigation 4A: Assessing How Items are Packaged

2. Rate the packaging: Fill out the chart for each item.

pesofpackegng |

Is the packaging...

returnable?

reusable?

recyclable?

made from recycled
material?

compactable?

using minimal
materials?

able to be separated if
it includes more than
one type of material?

Total number of ‘yes'

Consuming Sustainably | Investigation 4A | p6
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INVESTIGATION 4B: COMPARING FOOD PACKAGED AS
SINGLE SERVE VERSUS IN BULK

Learning Outcome: Measure single serve and bulk items and their packaging to
calculate and compare product, waste, and cost ratios.

Materials a. Place the empty bowl on the scale and
® © 06 0 06 0 0 0 06 0 0 0 0 0 0 0 0 O 0 0 0 0 0 0 00 record |ts mass.
Per group: b. Open the package and empty the

contents into the bowl.

B scale (can be shared, if necessary)
c. Using the scale, record the mass of the

m large bowl to hold items on the scale bowl with the food in it.
m food items (chips or crackers packaged as d. Subtract the mass of the empty bowl
single serve and as bulk, with prices) from the full bowl to determine the
mass of the food that was inside the
B reusable containers (optional) bulk package.

e. Record the mass of the empty packaging

What to Do used for the bulk item.
1. Make some observations of the item 3. Analyze the single serve portion item:

packaged in bulk and as single serve:
a. Place the empty bowl on the scale and
a. How is the bulk item packaged? record its mass.

b. How is the single serve item packaged? b. Open the package and empty the

contents into the bowl.

c. When the bulk package is empty, how
should it be disposed of? c. Using the scale, record the mass of the

bowl with the food in it.

d. When the single serve package is empty,

how should it be disposed of? d. Subtract the mass of the empty bowl
from the full bowl to determine the mass

2. Analyze the bulk item: that was inside the smaller package.
Version: July 15, 2024 Learner Guide: Consuming Sustainably | Investigation 4B | p7
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e. Using the scale, record the mass of
the empty packaging from the single
serve item.

4. Compare the amount of packaging to the

amount of the item when packaged in bulk
versus single serve:

a. Calculate the ratio of the item to the bulk
packaging by dividing the mass of the
bulk packaging (2e) by the mass of the
item inside the bulk packaging (2d).

b. Calculate the ratio of the item to the
single serve packaging by dividing the
mass of the single serve packaging (3e)
by the mass of the item inside the single
serve packaging (3d)

¢. What do you notice about the amount
of packaging compared to chips for the
bulk item and for the single serve item?

Compare the cost for the same mass of
item when packaged in bulk vs. single serve:

a. Cost of the item when purchased in bulk:
single serve:

b. Calculate the cost per 1 g of the bulk
item by dividing the cost (5a) by the mass
from the bulk packaging (2d).

c. Calculate the cost per 1 g of the single
serve item by dividing the cost (5a)
by the mass from the single serve
packaging (2d).

d. What do you notice about the cost when
the item is purchased in bulk vs. as
single serve?

6. Make some calculations:

a. How many packages of the single serve
item would it take to get the same
amount as inside the bulk package?

b. How much would that cost?

=

ESD Kits

Facilitator Demonstration Preparation:

1.

Create three holes evenly around the top
edge of both identical bowls using the hole
punch or screwdriver.

Cut six identical lengths of wire or string
that are about the diameter of the bowl.

Tie a piece of wire or string to each hole.

For each bowl, gather the three pieces of
wire or string in the middle and tie them in
a knot.

Tape a hanging bowl to each end of the
wooden dowel rod.

Locate the center of mass on the dowel rod:

a. Tie a small string (about 10 cm [4 in])
around the center of the dowel rod.

b. While holding the string, move the
dowel rod back and forth until it is
perfectly balanced.

Create a tag at the center by wrapping duct
tape around the dowel rod.

a. You can either use the balance by loosely
holding the tag, or

b. punch a hole through the duct tape
tag and attach some string. Hang
the balance from a ring stand or
similar support.

For this demonstration, use an item that
can be bought in both bulk and single
serve quantities that is different from what
students used in the Learner Investigation.

Facilitator Demonstration:

1.

Before the demonstration begins, make
some predictions:

Learner Guide: Consuming Sustainably | Investigation 4B | p8
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Investigation 4B: Comparing Food Packaged as Single Serve Versus in Bulk

a. Do you think your earlier results will be
consistent if you were to test other items
sold in bulk versus single serve? Why or
why not?

b. Examine the item that will be tested.
How many single serve packages do you
predict it will take to get the same mass
as inside the bulk item?

Results:

a. How many single serve packages did it
take to get the same mass inside the
package as the bulk item?

b. How much packaging was generated
from the single serve items, and
how does that compare to the
bulk packaging?

Compare the costs for the same amount of
the item:

a. What was the cost of the bulk item?

b. Calculate the cost of the single serve
items for the same weight of the item.

Consider

® © 06 06 06 0 0 0 06 0 0 0 06 0 0 0 0 0 O 0 0 0 0 0 00

1.
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Compare the difference in cost between
bulk and single-serve items. What would be
the justification for the difference in cost?

What items do you think are better to buy
in bulk instead of in smaller servings?

When would it make more sense to buy
smaller servings of items instead of in bulk?

How could the packaging for the
bulk or single serve item be more
sustainably produced?

=
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Extensions
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1.

Testing Variables: Investigate how variables
impact packaging by comparing other single
serve and bulk items like shampoo, spices,
rubber bands, etc. How many single serve
packages does it take for the same mass

of interior contents as the bulk item? How
does the amount and mass of packaging
compare for all the single serve items and
the bulk item?

Applying Concepts: List items you have at
home in bulk and as single serve portions.
Recognize that other factors like cost and
storage space might come into play rather
than sustainability when your family is
purchasing items. Asses your list and
determine which items may be possible
and more beneficial for your family to buy
in bulk.

Applying Concepts: Examine a map of
your community and identify stores that
sell items primarily in bulk and stores
that require or ask that you bring in your
reusable containers. Label them and add
the symbols to the Map Key.
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INVESTIGATION 5A: ELECTRONICS IN A HOME

Learning Outcome: Analyze electronics in a home to consider the prevalence of
electronics, the lifetime of electronics, and how electronics should be disposed.

Materials d. What furniture would you own?
e. What appliances?
Per learner:
f. What other electronics?
m drawing or graph paper; or

printed floorplan g. What else would be inside
the apartment?

What to Do h. What kind of lighting would you use?
1. Imagine you own your dream apartment. 2. Complete an electronics inventory of
Consider the following questions and then your dream apartment. For each room,
design it! write down any electronics that would be
inside, even if they are not included in the
a. Who lives with you? floor plan.
b. How many bedrooms would the 3. Assess each electronic:

apartment have?
a. How long do you plan to keep it? Will

¢. What other rooms would there be? you update to a new model in the next
five years?
Version: July 15, 2024 Learner Guide: Consuming Sustainably | Investigation 5A | p1
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b. If this electronic stops working, are you
able to fix it yourself? Are you able to pay
to have it fixed, or would you need to
replace it altogether?

¢. When you want to get rid of this
electronic device, how will you dispose
of it?

Consider
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1.

E-waste has become the world’s fastest
growing waste stream. Why do you think
that is? Why is there so much e-waste?

Why do you think there are strict rules and
regulations for discarding electronics?

How could you and others in your
community reduce your e-waste?

Extensions
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Applying Concepts: Electronics inventory:
Inventory the electronics in the building or
room you are in. Would the items be able to
be fixed or would they need to be replaced
if they stop working? Make a plan for how
each item should be discarded following
local procedures.

Applying Concepts: Explore the IFIXIT
website (https://www.ifixit.com). Look up
repair guides for electronics that you are
familiar with from home or school. Do you
find this website helpful? Would you repair
an electronic device using this site next time
one breaks? Why or why not?

Applying Concepts: Examine a map of your
community and identify electronic repair
stores or e-waste disposal sites. Research
locations as needed. Color code or label the
locations and add these colors or symbols
to the Map Key.

=
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4. Applying Concepts: Think about the life

cycle of one electronic product (a computer,
a cell phone, or so on). What do you think
the environmental impacts of the product
or the process to make the product may be?
Complete a life cycle analysis of the product
to help determine the environmental
impacts of the product. What are the raw
materials that make up that product? What
goes into the manufacturing or assembly

of the product? How is it transported and
distributed? How is the item used, and for
how long? How is the item disposed of?

Using Scratch®: Design your dream
apartment using Scratch®. One scene can be
the floor plan. Then create a scene for each
room. Consider adding animations as well.
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INVESTIGATION 5B1:
ANALYZING E-WASTE INTERNATIONALLY

Learning Outcome: Analyze data to understand and compare international e-waste
statistics and the importance of recycling e-waste.

Materials c. When you are done with EEE, what are

ceoeo000o00000000000000000 000 some ways it could be discarded? How
can EEE be discarded so that it does not

Per group: create a hazard?

B data sheet for your country d. Why are there special methods to

discard EEE? How is e-waste different
than regular waste?

What to Do
e 0000000000000 0000000000 00 3. Examinethe20’|9mapofe-waste
1. Think about all the different types of generated per capita. Per capita is a
Electronics and Electrical Equipment (EEE) measurement that compares statistics on a
there are. ‘per person’ basis. To read the map, look at
the shade of green that corresponds to the
a. In what ways do you use EEE? key. The darker the green, the higher the

amount of generated e-waste.

b. Write down 3-5 EEE that you can think
of in each of the following categories:
Temperature exchange equipment
(such heaters and air conditioners),
computer screens and monitors, lighting,
large equipment, small equipment, and
small information technology (IT) and
telecommunication equipment.

c. What is inside of EEE? What are some
parts or materials used to make EEE?

2. When EEE is discarded, is it
considered e-waste?

a. Which of the above categories of EEE
do you think contributes the most to
e-waste? Why do you think so?

b. Which categories of EEE do you think
contribute the least to e-waste? Why do
you think so?
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E-WASTE GENERATED PER CAPITA

kg/capita
n/a D<2 2<6 6<10 10<15 15< 20 20+

Credit: Baldé, C.P., Forti V., Gray, V., Kuehr, R., Stegmann,P. : The Global E-waste Monitor - 2017, United Nations University (UNU),
International Telecommunication Union (ITU) & International Solid Waste Association (ISWA), Bonn/Geneva/Vienna. https://
globalewaste.org/

a. What countries generated the most e. In which areas was there the
e-waste per capita in 2019? Identify the biggest variation in the per capita
areas on the map. e-waste generated?

b. Which continent(s) shown on the map 4. Examine the 2019 map of National
generated the most amount of e-waste Legislation Regarding E-Waste. Countries
per capita in 20197 Identify the areas on that have national legislation regarding
the map. e-waste are green, and countries without

e-waste legislation are uncolored.

¢. Which continent(s) shown on the map
generated the least amount of e-waste
per capita in 2019? Identify the areas on
the map.

d. What do you notice about the amount of
e-waste, in general, that was generated
per capita in 2019?
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NATIONAL LEGISLATION REGARDING E-WASTE

Credit: Baldé, C.P., Forti V., Gray, V., Kuehr, R., Stegmann,P. : The Global E-waste Monitor - 2017, United Nations University (UNU),
International Telecommunication Union (ITU) & International Solid Waste Association (ISWA), Bonn/Geneva/Vienna, https://
globalewaste.org/

a. What do you notice about the amount of
legislation regarding e-waste?

b. Compare the 2019 map of e-waste
generated (in step 3) with this map.
What do you notice? What surprises you?
Are there any similarities between the
two maps?

c. If you were a policy maker, what would
you do with the information from
both maps?

5. Examine the 2019 data from The Global
E-Waste Statistics Partnership about EEE
and e-waste about Poland, Ukraine, and the
Russian Federation (https://globalewaste.
org/). The amount of EEE and e-waste is
given in kiloton (kt), which is a unit of mass.
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GLOBAL E-WASTE STATISTICS FOR THREE COUNTRIES

| Poland | Ukraine | Russia__

Population 37,959,000 41,878,000 143,896,000
EEE put on the market 635 kt 366 kt 1977 kt
E-waste generated 443 kt 324 kt 1631 kt
E-waste formally collected* 246 kt 40 kt 90 kt
E-waste collection rate 60% 13% 6%

* data unavailable for 2019; refers to most recently available data

a. What do you think “e-waste formally collected” means?

b. What do you notice about EEE and e-waste generated in Poland compared to Ukraine
and Russia?

c. What are some similarities in the data across countries?

d. How do the e-waste collection rates compare between the countries? Why do you think that is?
6. To compare the data between the countries, let's look at the data per capita (per person).
PER CAPITA GLOBAL E-WASTE STATISTICS FOR THREE COUNTRIES

—mm

EEE put on the market (kg per capita) 16.7

E-waste generated (kg per capita) 11.7 7.7 11.3

a. What do you now notice about the per capita data?

b. Is anything surprising or confusing about the data?

Consider

® © 06 06 0 0 06 0 06 0 0 06 0 0 0 0 O O O 0 O O 0 O 0 O O 0 O O 0 O O 0 O O 0 O 0 O O 0 O 0O 0 O 0O 0 0 0 0 0 0 00

1. The amount of small IT equipment that contributes to global e-waste has been decreasing since
2015. Why do you think that is?

2. What do you think the future is like with respect to EEE and e-waste? Why do you think so?
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ANALYZING E-WASTE FROM YOUR COUNTRY

Learning Outcome: Analyze data to understand and compare international e-waste

statistics and the importance of recycling e-waste.

Materials

® © 06 0 06 0 0 0 06 0 0 0 0 0 0 0 0 O 0 0 0 0 0 0 00
Per group:

B data sheet for your country

What to Do

® © 06 0 06 0 0 0 06 0 0 0 0 0 0 0 0 O 0 0 0 0 0 0 00

1. Analyze data from your own country.

a. From what year is the data you
are analyzing?

b. In the most recent data, what is your
country’'s EEE put on the market
per capita? How does it compare to
the three countries you looked at in
Investigation 5B1 (Poland, Ukraine, and
the Russian Federation)?

c. In the most recent data, what is the
e-waste generated per capita in your
country? How does it compare to
the three countries you looked at in
Investigation 5B1?

d. In the most recent data, what is your
country’s e-waste collection rate? How
does it compare to the three countries
you looked at in Investigation 5B1?

Version: July 15, 2024 Learner Guide: Consuming

e. How does the most recent data from
your country compare to data from a
previous year? What has increased?
What has decreased? Why do you think
these statistics have changed?

f. Does your country have national
legislation about e-waste? What year was
the earliest legislation put in place? How
do you think these statistics may have
been different before that legislation?

g. Some countries report on e-waste

generated per category (small IT, large
appliances, etc.). If your country reports
those data, determine what percentage
each category contributes to the total
e-waste generated by dividing each
category by the total of all six categories.
Then create a pie chart reflecting the
data. If your country doesn't report
e-waste generated per category, make

a prediction of what the data may look
like in your country. Each slice on the
graph is 5%, which may assist you with
creating your graph. Be sure to fill in the
key and title.
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( Go to Table of Conte

nts )




ESD KIT: CONSUMING SUSTAINABLY

Investigation 5B2: Analyzing E-waste From Your Country

E-waste generated in

(S

ESD Kits

Credit: L.Brase

Consider

® © 06 06 06 0 0 0 06 0 0 0 06 0 0 0 0 0 O 0 0 0 0 0 00

1. From your Electronics Inventory from
5A, categorize the electronics into the six
main categories (temperature exchange
equipment, large equipment, small
equipment, screens, small IT, and lighting)
and create a pie chart to display the data.

2. What are some ways your community
and country can promote a reduction
in e-waste?

O Temperature Exchange Equipment
O Large Equipment

O Small Equipment

O Screens
O SmalllT
O Lighting
Extensions

® © 06 0 06 0 0 0 06 0 0 0 0 0 0 0 0 O 0 0 0 0 0 0 00

1. Applying Concepts: Imagine you are a
policy maker. What would be some of your
priorities regarding EEE and e-waste? Look
at the legislation in your country and other
countries nearby. How would you improve
the legislation?

2. Applying Concepts: From your Electronics
Inventory from 5A, categorize the
electronics into the six main categories
(temperature exchange equipment, large
equipment, small equipment, screens, small
IT, and lamps) and create a pie chart to
display the data.
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INVESTIGATION 5B3: INSIDE E-WASTE

Learning Outcome: Analyze data to understand and compare international e-waste
statistics and the importance of recycling e-waste.

Materials a. What do you notice about the number of
L R I R R R R R R N K elements that could be found in EEE?
Per group: b. How many elements found in EEE are

considered precious? What are they?
m copies of enlarged images from

Investigation (optional) c. Name some products that contain at
least one precious element?

What to Do d. Only about 17% of e-waste is formally
©cee0000000000000000000 00 00 collected and recycled, on average. What
1. E-waste contains hazardous materials happens to the precious and critical
like lead, mercury, and many more. The elements when EEE is recycled?
hazardous materials found in EEE can cause
a variety of adverse effects on human e. What happens if EEE isn't recycled?
health, like skin problems, nervous system
damage, liver damage, and more. How 4. Let's look at four of the precious elements
do you think these hazardous chemicals in more detail. Examine the table: Metal
could enter the body and cause these Concentration in Electronics and Ore. The
adverse effects? units are parts per million (ppm), which is
a unit for concentration. The higher the
2. What jobs or what people do you think are number, the more metal is in the electronic
most exposed to the hazardous materials device. For example, there at 20 ppm gold
inside EEE? in a television board which means that for
every one million parts of everything in a
3. EEE can be made up of valuable materials, television board, 20 of the parts are gold.

some of which we can examine on the
periodic table. The periodic table is an
organization of all discovered chemical
elements. Examine a periodic table that
identifies elements found in EEE and if
they are also precious metals, critical raw
materials, or non-critical metals.
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METAL CONCENTRATION IN ELECTRONICS AND ORE

L
(ppm) (ppm) (ppm) (ppm)

Television board 100,000

PC board 200,000 1,000 250 110
Mobile phone 130,000 3,500 340 130
Portable audio scrap 210,000 150 10 4
DVD player scrap 50,000 115 15 4
Average electronics 138,000 1,009 127 52
Ore/mine 6,000 216 1 3

Modified from Kumar et al. 2017 (which pulled data from Desjardins, 2014; Investing News Network, 2016; McLeod, 2014; Namias,
2013; Vicic, 2015)

Version: July 15, 2024

. Where do you think these precious
metals come from? Where can you find
copper, silver, gold, and palladium? From
where and how are they extracted?

. When looking at the table, what do you
notice? Does any of the data surprise
you?

. When elements are in the same family
(column on the periodic table), they
share properties and behave similarly.
Look back at the periodic table and
determine which three of these precious
metals are in the same family.

. Compare the amount of gold between
the electronics listed. Which uses the
most gold?

. How does the amount of gold in
electronics compare to the amount of
gold in the mined ore?

. Compare the amount of the other three
precious metals in electronics to the
amount in the mined ore. What do you
notice?

. Out of these four precious metals,

which is the most abundant in the listed
electronics? Why do you think that is?

. These four elements are all excellent

conductors of electricity and are
relatively soft. Why do you think these
elements are considered precious?

i. Notes for the Facilitator: These metals

are relatively rare in nature but are
important in making products.

j. Why is it important to recycle electronics

from an economic point of view?

. Notes for the Facilitator: Recycling

electronics reduces the amount

of new resources that need to be
located and mined, which can be
expensive and disruptive/destructive to
the environment.

. The recyclability of a product is assessed

by the ability to recycle it and if it is
cost effective to recycle it. Consider the
palladium in DVD and audio scrap. Do
you think palladium is being extracted
from those products? Why or why not?
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m. Notes for the Facilitator: It is unlikely
because there is already infrastructure
to mine palladium ore in place, which
is likely more cost effective than trying
to extract a similar concentration out
of e-waste.

5.

=

ESD Kits
Examine the figure: Resource savings
from recycling of desktops and laptops.
This is called a stacked bar graph. The
length of each bar shows the total, and the
different colors show what components or
categories make up the total. In this graph,
the cumulative exergy extraction from
the natural environment (CEENE) score is
considered for laptops and desktops that
are recycled and sent to the landfill. CEENE
quantifies the amount of each resource
drawn from the natural environmentin a
life cycle assessment. The higher the CEENE
score, the more resources used.

RESOURCE SAVINGS FROM RECYCLING OF DESKTOPS AND LAPTOPS

w

S

Matwral resources saved by recyeling

Abiotic renewable resources

# Fossil fuels
Muclear energy

“ Metal ores

B finerals (and mineral aggregates)
Water Resources

Land and biotic resources

Atmospheric Resources

w

Matural resources
saved b elin
Recycling scenaric yrcecTe
g
il
(%] -
a 2
Landfill seenario =
5
Recycling scenario +
(m
=]
B
L]
Landfill scenario
i 15 000

30000

45 000
CEENE (Mlex per 1 000 kg desktop or laptop computers treated and the supply of the BoP)

60000 75000 20000

Fig. 6. Resource savings from recycling of desktops and laptops.

Credit: Kumar et al. 2017

a. Look at the total amount of resources
used between a laptop that is recycled
and a laptop that goes to the landfill.
What were the CEENE scores for the
recycling scenario and the landfill
scenario?

Version: July 15, 2024

b. What types of natural resources would
be saved by recycling a laptop instead of
putting it into a landfill?

c. How do you think natural resources are
preserved by recycling the laptop instead
of throwing it away?
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d. Examine the fossil fuel component of
the Desktop scenarios. About how many
times more fossil fuel resources are in
the landfill scenario compared to the
recycling scenario?

e. Choose another resource to examine.
How does it compare in the recycling
scenario and the landfill scenario?

Consider

® © 06 06 0 0 06 0 0 6 0 06 0 0 0 0 0 0 0 0 O 0 0 O 0 0 0 0 o o o

1. 2.

EEE contain hazardous substances that are
dangerous to our health. What precautions

do you think need to be taken for people
transporting and handling EEE and other
hazardous materials?

Extensions

® © 06 06 0 0 06 0 0 6 0 06 0 0 0 0 0 0 0 0 O 0 0 O 0 0 0 0 o o o

1. Analyzing Data: In 2019, 53.6 million metric 2.

tonnes of e-waste were generated and
only about 17% of e-waste was collected

and recycled. Using the information below,

calculate how much money was sent to
landfills inside e-waste.

Market
Price (USD)
per tonne

Amount of

materials in
e-waste

10 tonnes Gold $58,552,855
136,000 tonnes Aluminum $2,974
85,000 tonnes Copper $10,062

1.1 tonnes Cadmium $325,440

1,000,000 tonnes Iron $127
8,100 tonnes Lead $2,349
700 tonnes Cobalt $70,500

Version: July 15, 2024

3.

ESD Kits
f. Compare the CEENE score for a recycled

laptop and a recycled desktop. What do
you notice? Why do you think this is?

g. Compare the CEENE score for a laptop
and a desktop sent to the landfill. What
do you notice? Why do you think this is?

® © & 06 06 0 0 0 6 0 0 0 0 0 0 0 0 0 0 0 0 0o 00

Recycling EEE saves energy and resources.
Why is this important? What do you

think would happen if all EEE was sent

to landfills?

® © & 06 06 0 0 0 6 0 0 0 0 0 0 0 0 0 0 0 0 0o 00

Applying Concepts: Think about an
electronic device you own. Research what
hazardous substances are inside of it. How
can it be discarded when you are done
with it so that it does not become e-waste?
Explain why it is important to discard this
electronic thoughtfully.

Applying Concepts: The World Health
Organization researched and reported on
how e-waste affects children in “Soaring
e-waste affects the health of millions of
children, WHO warns” (https://bit.ly/WHO_
ewastechildrenreport). Read the article and
write a short summary of what you learned
and how it makes you feel.
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INVESTIGATION 6A:
ASSESSING YOUR CARBON FOOTPRINT

Learning Outcome: Consider various aspects of their life (including their house, food,
and transportation) to assess their carbon footprint and discuss ways to reduce it.

Materials c. What do you think contributes to carbon
©ecccoecccc0cccc0ccc00 0000 emissions in the transportation category?
Per learner: d. What are some ways these

categories overlap?
B “Assessing Your Carbon Footprint” handout
2. Consider your daily or weekly activities in

each of these categories and assess how

What to Do they can impact the environment. Answer

o000 00000000000000000 0000 the questions on the “Assessing Your

1. Think about the three main categories Carbon Footprint” handout about your
that contribute to carbon emissions — household.

household, food, and transportation.

3. Add up your score in each category. Column

a. What do you think contributes to carbon A'is worth one point, column B is worth two
emissions in the household category? points, column C is worth three points, and

column D is worth four points.

b. What do you think contributes to carbon
emissions in the food category?
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a. How many points did you calculate for
the household category? What is the
contribution of the household category
to your carbon footprint: low (15-29
points), medium (30-44 points), or high
(45-60 points)?

b. How many points did you calculate
for the food category? What is the
contribution of the food category to your
carbon footprint: low (9-17), medium
(18-26), or high (27-36)?

¢. How many points did you calculate for
the transportation category? What is
the contribution of the transportation
category to your carbon footprint: low
(6-11), medium (12-18), or high (19-24)?

4. Discuss some ideas about how to reduce
your carbon footprint with a partner.
Remember, little changes can make a big
difference in lowering your carbon footprint
(and little changes made by many people
can have a significant overall impact).

a. What actions could you and your

household take to reduce your carbon
footprint in the household category?

Extensions

ESD Kits
b. What actions could you and your

household take to reduce your carbon
footprint in the food category?

c. What actions could you and your
household take to reduce your carbon
footprint in the transportation category?

Consider

1. Think about the building you are in. What
features of the building do you think
contribute most to its carbon footprint?
Does the building have any features that
have been installed to help it to have a
lower carbon footprint? If yes, what are
they? If no, how could the building lower its
carbon footprint?

2. Inthe food category, the types of food your
household usually consumes impacts your
carbon footprint. Why do you think that
matters? Why does consuming beef cause
a larger carbon footprint than eating other
protein like beans or tofu?

® © 06 06 0 0 06 0 06 0 0 06 0 0 0 0 O O O 0 O O 0 O 0 O O 0 O O 0 O O 0 O O 0 O 0 O O 0 O 0O 0 O 0O 0 0 0 0 0 0 00

1. Analyzing Data: With an adult from your
household, calculate your carbon footprint
by answering similar questions on a Carbon
Footprint Calculator by the Global Footprint
Network (https://www.footprintcalculator.
org/home/en) or by The Nature
Conservancy (https://bit.ly/3wuKmlA). You
will receive an actual value for your carbon
footprint, and how your footprint compares
to others. What was your total footprint?
Where do you rank compared to others?
Were there any questions that surprised
you or new carbon impacts that you
learned? Were there some questions that
were difficult to answer? Discuss the quiz
and your results.

Version: July 15, 2024

2. Analyzing Data: Examine the data on
ecological footprint and biocapacity for your
country on https://data.footprintnetwork.
org/#/. Ecological footprint measures how
much demand human consumption places
on the biosphere. Biocapacity is the area
of productive land available to produce
resources or absorb carbon dioxide waste,
given current management practices. For
the most recent year, what is the ecological
footprint per person? How does it compare
to the biocapacity per person with the most
recent data? How have the trends changed
over time?
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3. Applying Concepts: Examine a map of your
community and identify areas that give
community members an option to lower
their carbon footprint, such as bus stations,
shared bike rentals, hybrid or electric
car dealerships, or community vegetable
gardens. Research locations as needed.
Color code or label the locations and add
these colors/symbols to the Map Key.

4. Using Scratch®: Create a carbon footprint
calculator in Scratch®. Your project should
ask the user questions about their energy
consumption and use that information to
calculate how much CO, they are producing.
Here are four carbon footprint calculators
made by Scratch® users:

* https://scratch.mit.edu/
projects/735051359/

* https://scratch.mit.edu/
projects/735051633/

* https://scratch.mit.edu/
projects/735051782/

* https://scratch.mit.edu/
projects/735051880/

5. Look at these projects for ideas and
programming techniques. Remix one of
these or build your own carbon footprint
calculator. Pay careful attention to how the
program uses the answers to each question
to calculate the amount of CO, generated.
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ASSESSING YOUR CARBON FOOTPRINT

Assessing Your Carbon Footprint: Household
I S Y N T

How many people live in your

home? 1-2 3-4 5-6 6+

What type of home do you live Apartment or Townhouse or

in? Condo Duplex row house House

Do you take mostly showers or Mostly

baths? Only showers  showers Mix of both Mostly baths

How often is the shower or bath
in your house used each day? 1-2 3-4 7+

How often do you turn off the
water when you brush your

teeth? Always Usually Sometimes Never
Do you have energy efficient Yes, all of Yes, most of Yes, one or No, none of
appliances in your home? them them two of them them
Do you use energy efficient light  Yes, all of Yes, most of Yes, one or No, none of
bulbs? them them two of them them

How many loads of laundry do
you estimate your household
does each week? 1-2 3-4 5-6 Vs

How many hours a day does
your household watch TV, play

video games, or use a computer? 0 1|=5] 4-9 10+
Does your household turn off

the lights when they leave a Most of the

room? Always time Sometimes Rarely
Does your household turn

off the TV when they are not Most of the

watching it? Always time Sometimes Rarely

How many of your household's
chargers are plugged in when

not in use? 0 =2 3-4 5+
Yes, we
Yes, and it manually Yes, and we
Does your household have heat is a smart adjust the set it at one
or air conditioning? No thermostat temperature temperature

How many bags of garbage does
your household dispose of each

week? 0-2 3-4 5-6 7+

Does your household recycle

paper products, plastic, cans, Yes, all of the  Yes, most of ~ Some of the

and glass? time | thetime time No, usually not
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( Go to Table of Contents )




ESD KIT: CONSUMING SUSTAINABLY

Investigation 6A: Assessing your Carbon Footprint

Assessing Your Carbon Footprint: Food and Drinks
e S R -

What kind of food does your

household eat?

From where does your family

purchase food?

Most often, how is your dinner

prepared?

How many individual servings

of wrapped food does your
household eat each day? (such as
chips, crackers, cookies, etc.)

How many times a week does
your household eat out at

restaurants?

Think about your usual lunch
at school. How much of the
packaging do you throw away or

bring home?

When you pick up groceries at the
store or market, how do you get

them bagged?

How many bottled or packaged
drinks (water, juice, soda, etc.) do
you have a week?

Does your family have a compost
pile or use a composting service?

Version: July 15, 2024

Just vegetables

Locally, from
farms and
farmers
markets

We always eat
home cooked
meals

None

Never

| take it all
home to use
again.

We use
reusable bags

None; | use a
reusable water
bottle

Yes

Vegetables,
eggs, dairy

A mix of large
and small
stores

We usually eat
home cooked
meals which
may include
prepackaged
items

1-5 times

Once a week

| throw away
or recycle
some items
and bring
some home
including a
reusable lunch
box

We use boxes

( Go to Table of Contents )

Everything but
red meat

At large stores

We eat

a mix of
homecooked
meals and
picking up
prepared food.

6-10 times

2-3 times a
week

| usually
recycle or
throw away
most items.

We use paper
bags

3-6

—

S

ESD Kits

Everything

Online

We always
purchase
prepared food.

11+ times

4+ times a
week

| throw it all
away.

We use plastic
bags

Every day or
multiple times
a day (7+)

No
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Assessing Your Carbon Footprint: Transportation

I P IS F- N

Car with my

How do you get to school each Walk, bike, or own family
day? similar Ride the bus Carpool only

How many times a week does

your household use a car? Never 1-9 times 10-14 times 15+ times
How often do you use public

transportation? Daily Often Rarely Never

How many times have you flown

in an airplane in the past year? Zero Once Twice 3+ times
What kind of car(s) does your Small car or Large SUV or
household drive? None hybrid Mid-sized truck

If you are going on a trip, how do

you usually travel? Bus  Train Car Plane
Version: July 15, 2024 Learner Guide: Consuming Sustainably | Investigation 6A | p6
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Learning Outcome: Compare the amount of light and heat emitted by different types
of light bulbs to consider and compare the relative efficiencies of the bulbs.

Materials

® © 06 0 06 0 0 0 06 0 0 0 0 0 0 0 0 O 0 0 0 0 0 0 00

Per group:

light bulbs: incandescent, WLED, compact
fluorescent (each preferably with

the packaging)

calculator

computer

micro:bit or other microprocessor

3V battery pack to power the
micro:bit (recommended)

lamp

What to Do

® © 06 0 06 0 0 0 06 0 0 0 0 0 0 0 0 O 0 0 0 0 0 0 00

1.

Version: July 15, 2024

Think about light used in buildings.

a. What types of lights are there in the
room?

b. How many light bulbs are in the room?

c. Estimate how many light bulbs there are
in your home. What about outside, near
your home?

d. What affects the number of light bulbs in
a location?

e. How is the light at your home different
than the light in the room you're
currently in?

f. What times of the day do you think the
most electricity to power lights is used
at home? What about in the building you
are in now? Why do you think so?

There are different types of light bulbs
available for consumers. Carefully examine
the light bulbs that your group has. How are
they alike? How are they different? Draw
diagrams of each light bulb and identify the
similarities and differences.

Make a chart with 4 columns titled "Type of
Bulb”, “Lumens”, “Watts”, and “Lumens per
Watt.” The chart should have enough rows
for the title row and one row for each bulb.

Enter in as much information as you can
into the first three columns.
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Investigation 6B: Testing Light Bulb Efficiency Using a micro:bit (Technology-Driven Investigation) ESD Kits

5. Calculate the number of lumens per watt
by dividing the lumens by the number of
watts for each bulb. This is a measure of
the bulb's efficiency. A greater number
of lumens per watt means the bulb
is converting more of the electricity it
consumes into light compared to a bulb
that generates fewer lumens per watt.

6. Examine your chart. How do the relative
efficiencies of the bulbs compare? Discuss

your thoughts with your group.

7. Program the micro:bit to display
temperature and light.

a. Enter the following MakeCode program,

shared at https://makecode.microbit.
org/_196MKkHwdbKP.

forever

show number light level

CEVE( DM 1000 w

clear screen

show number temperature (°C)

clear screen

Credit: Logo Foundation

b. Download the program to the micro:bit.

c. If you have a 3V battery pack, you may
disconnect the micro:bit from your
computer and power it from the 3V
battery pack.

Version: July 15, 2024

8. Examine the micr:bit screen. It only displays
a single digit, so two and three digit
numbers scroll by.

a. The light level should be displayed on the
screen. The number displayed for light
level is just a number between 0 (dark)
and 255 (bright light — the maximum
that can be recorded), which is useful
for comparing relative brightness. It is
not a measure of lumens or any other
standard unit.

b. After one second, the screen is cleared
and the temperature in degrees Celsius
is displayed.

SAFETY NOTE: This activity should be done only
with adult supervision. There are two safety issues:

1 The lamp should be unplugged and turned
off when changing bulbs to reduce the chance
of electric shock.

2 Bulbs get hot. This is especially true of
incandescent bulbs. Do not touch a bulb when
it is lit. After turning unplugging the lamp and
turning it off, allow sufficient time for the bulb
to cool down before touching it.

9. While a lamp is unplugged, put the LED bulb
in the lamp.

10. Position the micro:bit so it is 20-30 cm
away from the bulb, by placing the micro:bit
on a table, floor or other surface with
the lamp above it. The micro:bit screen
needs to be facing the bulb. It also needs
to be in a position where you can read
the temperature and light values as they
appear on the screen.

11. While the lamp is still off, note the
temperature displayed on the micro:bit.
This is the “off temperature.” Remember,
the temperature and light level will be
displayed alternatively on the micro:bit
display screen with only one digit shown.
Two- and three-digit numbers will scroll.

Learner Guide: Consuming Sustainably | Investigation 6B | p8
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Investigation 6B: Testing Light Bulb Efficiency Using a micro:bit (Technology-Driven Investigation)

12.

Plug the lamp in and turn it on. Keep track
of temperature and light emitted every
minute for 15 minutes maximum. If the
temperature rises about 45°C, turn the
lamp off and unplug it.

Credit: Logo Foundation

13.

14.

15.

Turn the lamp off and wait until the
temperature returns to the off temperature
instep 11.

Unplug the lamp and replace the LED bulb
with another type of bulb.

Repeat steps 11-14 using other bulbs.

Consider

1.

Version: July 15, 2024

What differences do you see, if any,
between the light emitted from light bulbs?

What differences do you see, if any,
between the heat emitted from light bulbs?

Rank the bulbs that you tested in terms
of most efficient to least efficient. Use
evidence to explain your reasoning.

How might the various materials that make
up the light bulbs impact the disposal?

=

ESD Kits

Extensions

1.

Analyzing Data: Create graphs of the data
you collected. How do the graphs compare?
What trends in the data can you see by
analyzing the graphs that may not have
been apparent earlier?

Analyzing Data: Examine Figure 3, “Quantity
of light bulbs sold over time,” which displays
data collected between 2005-2019 in Japan.
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Figure 3: Quantity of light bulbs sold over time

Credit: Reproduced with permission from Fukasawa, T. (2021). Consumer preference for durability and energy efficiency: Welfare
analysis of Light Bulb market. SSRN Electronic Journal. https://doi.org/10.2139/ssrn.3839998.

a. What do you notice about the overall
trend of light bulbs sold? What could be
some reasons for this trend?

b. Do you think this trend is unique to
Japan? Why or why not?

3. Analyzing Data: Examine Figure 4, “Price
of light bulb products over time,” which
displays data collected from 2005 to 2020
in Japan for compact fluorescent (CFL),
incandescent, and light-emitting diode (LED)
bulbs. The vertical lines show the standard
errors in the data, while the three lines
indicated in the key are the trends. Study
the trendlines.
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Figure 4: Price of light bulb products over time

Credit: Reproduced with permission from Fukasawa, T. (2021). Consumer preference for durability and energy efficiency: Welfare
analysis of Light Bulb market. SSRN Electronic Journal. https://doi.org/10.2139/ssrn.3839998.

a. What do you notice about the trends
of the CFL, incandescent, and LED
light bulbs?

b. Consider the energy efficiencies you
explored in the Investigation and the
prices displayed in Figure 4. Which
bulb(s) do you think are most cost
efficient? Why do you think so?

4. Applying Concepts: Research how each
type of bulb generates light and heat.
Why do you think incandescent bulbs
produce more heat than CFL, LED, or
fluorescent bulbs?

Version: July 15, 2024

5. Applying Concepts: Light is a type of
electromagnetic (EM) radiation. Heat
can also be transferred by a type of EM
radiation — called infra-red radiation. What
are other types of EM radiation are there?
Find out more about the full spectrum
of EM.
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INVESTIGATION 7A1: ANALYZING FABRICS

Learning Outcome: Test and analyze different fabrics to compare natural and
synthetic materials.

Materials

Per group: m ruler or tape measure

B “Analyzing Fabrics” handout ® medium or fine sandpaper, small square
(5cmx5cm)
m 10 cm x 10 cm squares of 2 natural fabrics

(like cotton, wool, or bamboo) B pipettes, one for each staining solution
® 10 cm x 10 cm squares of 3 synthetic fabrics B staining solutions (ketchup/water mixture,
(like spandex, nylon, polyester, or rayon) mustard/water mixture, cranberry or grape

juice, balsamic vinegar, etc.)
W scissors
® vinegar solution (15 mL (1 T) of vinegar with
B magnifying glass, dissection microscope, or 60 mL (4 T) of water)

compound microscope
m towel or cloth

B 20-30 cm (8-12in) PVC pipe to use as a
static wand m small cup of water
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B clear cup or beaker

m fan (optional)

What to Do

® © 06 06 06 0 0 0 06 0 0 0 06 0 0 0 0 0 O 0 0 0 0 0 00

1.

Version: July 15, 2024

Think about the different types of fabrics
that make up your clothes and other
household items like blankets, towels,
drapes, toys, and so on.

a. List as many different types of fabric as
you can.

b. Fabrics are made up of fibers that can
come from animals or plants (natural
fibers) or can be made from chemical
compounds (synthetic fibers). Go
through your list and infer if each fabric
you listed is natural or synthetic.

Your group has a set of fabric samples.
Examine and describe each sample.
How does each look, feel, and smell? Are
they thick or thin? What type of clothing
might you expect to be made out of
each? Fill in your results on the handout
“Analyzing Fabrics.”

Conduct some quick tests on each swatch
of fabric and fill in your observations on the
handout “Analyzing Fabrics.” Conduct the
tests for each fabric sample.

a. Cut a small slice off the fabric swatch and
pull out a couple threads. Examine the
threads and record your observations.

b. Examine the threads under a magnifying
glass or microscope. Record your
observations and include a sketch.

c. Attempt to stretch out the thread to see
if it breaks (and how easily). Record your
observations.

ESD Kits
d. Examine the fabric swatch under a

magnifying glass or microscope. Record
your observations and include a sketch.

e. Wad up the fabric into a ball and hold
for 10 seconds then release. Record
observations immediately and after
2 minutes.

f. Rub the fabric aggressively around the
PVC pipe, and then touch the pipe on a
metal chair, the sink, or something that
is grounded to the floor, to discharge
the pipe. Hold the fabric up near your
hair. Recharge the pipe with the fabric,
and then discharge the pipe. Hold the
fabric up near your clothes and other
objects. Make observations about static
electricity.

g. Hold one side of the fabric on the table.
Stretch the fabric along the table until
it starts to distort but does not break or
rip. Measure how far the fabric was able
to stretch. Turn the fabric 90°and repeat.
Record observations and measurements.

h. Rub the fabric on the surface of
sandpaper 10 times. Take observations.
Repeat for another 10 strokes. Take new
observations.

i. Using the opposite side of the fabric
from the one used on the sandpaper
test, add three drops of each stain
solution in separate locations on
the fabric. Allow them to sit for one
minute, then carefully blot off the extra
liquid with a paper towel. Record your
observations.

j. Attempt to clean the stains made in the
previous step using the vinegar solution
and a towel for 3 minutes. Pat out excess
moisture. Make observations of how
readily the fabric stained and if the stain
was able to be removed.

Learner Guide: Consuming Sustainably | Investigation 7A1 | p2

( Go to Table of Contents )




ESD KIT: CONSUMING SUSTAINABLY (‘
Investigation 7A1: Analyzing Fabrics ESD Kits

k. Dip the fabric in water, then squeeze the
water out of the fabric into a cup. Make
observations about how much and how
quickly the fabric absorbed water, and
how much was released when it was
wrung out.

I. Allow the fabric to dry for 3 minutes by
shaking the fabric or blowing on it. Make
observations about the ability of the
fabric to dry.

Version: July 15, 2024 Learner Guide: Consuming Sustainably | Investigation 7A1 | p3

( Go to Table of Contents )




ESD KIT: CONSUMING SUSTAINABLY

SUSTAINABLE
DEVELOPMENT

GTIALS

american
geosciences
institute
connecting earth, science, and people

7l

Photo ©Shutterstock/Edge of Reason

INVESTIGATION 7A2: ANALYZING DYES

Learning Outcome: Test and analyze different dyes to compare natural and

synthetic materials.

Materials

Per group:

m set of synthetic and natural dyes for at least
2 colors

m chromatography strips, about 15 cm (6 in)
long (https://amzn.to/3Mn770X)

m chromatography solvent (preferably
acetone, alternatively isopropanol or water)

m wooden rod, ruler, or similar long
rigid object

m pencil
B tape

m container(s) to accommodate
chromatography strips side by side

m plastic wrap

B paper towel

SAFETY: Acetone is an irritant and is highly
flammable. If it gets on your skin, wash off with

soap and water. If it contacts your eyes, rinse with
water for several minutes.

What to Do

® © 06 0 06 0 0 0 06 0 0 0 0 0 0 0 0 O 0 0 0 0 0 0 00

1. Fabrics are often dyed to be a certain color.
What do you think makes up these dyes?

2. What natural objects or resources do you
think you could use to make the following
dye colors?

a. Red

b. Orange
c. Yellow
d. Green
e. Blue

f. Indigo
g. Brown
h. Black

3. Count the number of dye samples you have
for a specific color and pull out that many

pieces of chromatography paper, trying to
handle the strips by the edges only.
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a. Cut the strips so that when they hang
into the container, the bottom of the
strip will touch the solution but the dot
of dye on the strip does not contact
the liquid.

b. On each strip, measure about 1-3 cm
(about 1”) up from the bottom of the
strip and draw a line with a pencil.
Repeat at the top of the strip.

Credit: L.Brase

4. Label the strips at the top, above the line, in
pencil, to identify the type of dye.

5. Make a small circle (about .5 cm diameter)
of the corresponding dye in the center of
the pencil line at the bottom of each strip.
Let the dye dry.

6. Tape the tops of the strips to a rod, pencil,
or ruler so they hang down next to each
other. The bottoms of all of the strips
should be at about the same level. If the
strips are wider than your container, use
different rods and containers.

Version: July 15, 2024

Credit: L.Brase

7. Hang the strips across the empty
container(s). Mark the height of the bottom
of the chromatography strips on the side of
the container.

8. Remove the rod with all of the hanging
strips and put enough acetone in the
container so the bottoms of the strips will
just touch the top of the liquid.

9. Hang the strips over the container with
acetone.

a. The acetone should touch each strip
below the bottom line and the spot of
dye.

b. Cover the container with plastic wrap to
prevent acetone evaporate to escape.

c. Carefully add small amounts of acetone
as necessary so each strip is at least
touching the liquid.

10. The acetone will start to move up the strips.
It will make contact with the dye, and then
continue up the strip, carrying some of the
dye with it.
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11. When the acetone reaches the top line (or
after 10 minutes), remove the strips. Lay
them flat on a dry surface that will not be
harmed by the acetone.

12. Observe the results for each strip. Draw and
write about the observations for each dye.

13. Repeat steps 3-12 for another color, if
available.
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INVESTIGATION 7A3: DYEING FABRICS

Learning Outcome: Test and analyze different fabrics and dyes to compare natural

and synthetic materials.

Materials

® © 06 0 06 0 0 0 06 0 0 0 0 0 0 0 0 O 0 0 0 0 0 0 00

Per learner:
m “Dyeing Multi-Fiber Fabric” handout
Per group:

B set of synthetic and natural dyes of the
same color

B 2 containers, one for each dye

m 2 pieces of the same multi-fiber fabric
(https://www.flinnsci.com/multi-fiber-
test-fabric-1-yard/ap6135/, or https://bit.
ly/38utjrP)

m water
B tongs or tweezers

B magnifying glass or dissection microscope

What to Do

® © 06 0 06 0 0 0 06 0 0 0 0 0 0 0 0 O 0 0 0 0 0 0 00

1. Make a prediction using what you know
about natural and synthetic fabrics: How do
you think the dyeing process will be similar
and how might it be different for natural
and synthetic fabrics?

Version: July 15, 2024

o.

Make a prediction using what you know
about natural and synthetic dyes. What are
some similarities and some differences in
how a fabric might look if it was dyed with
natural or synthetic dyes?

Place the multi-fiber fabric in container with
the natural dye. After five minutes, remove
the fabric with tongs, rinse it with water,
and then dry it with a paper towel.

Observe and record how each fabric on
the multi-fiber fabric looks on the handout
“Dyeing Multi-Fiber Fabric.”

Dip a second multi-fabric strip in the
container with the similar color of synthetic
dye for 10 seconds. Observe and record
how each fabric on the multi-fiber fabric
looks on the handout “Dyeing Multi-

Fiber Fabric.”

Observe both strips under a magnifying
glass or microscope. Record observations.

Compare how the different types of fabric
in the multi-fiber fabric that was tested took
up the color from natural dye.

Compare and contrast how different
types of fabric took up the color from the

synthetic dye.

Discuss your results with the whole group.
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Consider
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1. Compare and contrast the different fabrics
you tested in Investigation 7A1. What
fabrics were similar? Which were di