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Plastic Series: Lesson Plan #1

Marine Plastic Pollution is Avoidable

Background: The Ocean Research Project (ORP) is a non-profit organization that collects scientific
data in marine environments to better understand the relationship between man and our oceans. Their
focus: science, education and exploration. By extensively exploring the marine plastic pollution problem
within the two oceans bordering our nation and within the Chesapeake Bay, the ORP team has produced
a lesson plan that is available for academic institutions to integrate into their science and environmental
based curriculum.

This lesson has optional props and activities including a survey and game. Components of the lesson
would benefit from being taught outdoors and nearby a waterfront environment. If mostly an indoor
lesson a PowerPoint presentation is available.

Ideal Grade: Content can be modified to appropriate grade.
Duration: 60 minutes with 20 minute lunchtime activity; 80 minutes. (Can be shortened)

Materials:

e Sample of non-refined oil (ORP does not supply)

e Ocean plastic pollution sample (ORP can lend)

e large wipe board, chalk board or paper

e Samples of recyclable plastic materials or reference
e Tape and markers.

Goal: To have a conversation with students on plastic, allow them to identify the variety of plastic

products they use in their daily lives and to recommend
how they can make educated product disposal decisions
that can prevent plastic pollution into the marine
environment.

Objectives: To explore with the students...

e \WHAT is the origin, usage and lifecycle of

plastic? Reter®
Topics: Geology, Resource Management Solutions Impact
e HOW does plastic get out to sea? b
Topics: Meteorology, Astronomy
Oceanography, Watershed Science M a ri ne PIaStiC PO I I ution

e |IMPACT of plastic in the ocean?
Topics: Chemistry, Biology, Resource Management
e SOLUTIONS: What can we do to keep it out of the marine environment?
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Topics: Resource Management

Procedure:

1. WHAT is the origin, usage and lifecycle of plastic?

Origin:

Usage:

O
@)

Introduce plastic, what it is and where it came from.
What is this and what is it made out of? Synthetic or semi-synthetic organic
solid often derived from petrochemicals (fossil fuels such as oil and gas)
(Coordinating Action: Hold up plastic item, and pass around)
What does oil look like? Black, sticky, smelly! @
(Coordinating Action: Pass around oil in glass jar.)
Where is oil created? The earth can be divided .
into three predominant layers: the crust, the
mantle, and the core (which is found at the center
-see diagram). The core is very hot, kind of like a
big oven deep inside. Oil is found within the Innsr core

surface of the earth where it has been exposed to the core’s heat and pressure.
The Earth is like a chef, how long has he been cooking oil for? 4.6 billion years.
What are combination of ingredients needed by the Earth to make oil? QOil is a
type of fossil fuel. Fossil fuels are formed from millions of years of deceased and
extinct species remains combined with immense heat, pressure, and time. Some
of the oil we use was formed before dinosaurs even existed. Oil is typically
formed from the remains of plants and animals that lived in prehistoric oceans.
As sediment layers built up on top of these remains increasing pressure, the lack
of air prevented decomposition. The combination of this with heat produced
from the core caused the organic material to “cook” into oil.

How does oil become plastic and what are its characteristics? Oil created
through a process called polymerization in which it is processed and unnatural
chemicals are added. This process uses a great deal of energy according to the
U.S. Energy Information Center; in 2010 1.7% of the energy consumption in the
U.S. was used for manufacturing plastics. The production of plastic consumes
approximately 8% of the earth’s oil supply.

Oil is a non-renewable resource because there is only so much oil in the earth
to be used. Can you name a renewable resource? Wind, solar, hydro-power.

Even though plastic is made from a non-renewable resource we use plastic for a
lot of things every day.

What is plastic used for? Have everyone name product and its usage.
Describe its characteristics? Strong, flexible, light, can float.

Lifecycle:
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o How long does a piece of plastlc last? Generatlons (depends on composmon)
Will likely outlive you and your grandchildren. Decomposition of plastic takes
much longer on land than is does in the ocean, however both locations are
threatened by the toxins that are released into the environment during this
process. Each year, only 10% of all manufactured plastic is recycled; .
Unfortunately, most plastic cannot be recycled back into its original form; it is
usually used to create other products in a process sometimes referred to as
down-cycling.

Type of Plastic Decomposition Time (yrs)
Plastic Beverage Bottles 450
Foamed Plastic Buoy 80
Foamed Plastic Cup 50
Plastic Film Container 20-30
%
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bottles instead of throwing
them in the tras .?
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Plastics are sorted by polymer type
Plastic is usually recycled into a

and color. Next, they are washed,
new form. Certain types of plastic

chopped into a smaller size, and
sorted again using a flotation process.
(1 PET) can be made into clothing
such as fleece. Others are made

into a variety of products

made out of plastic. melted, ma?e mto pellets

The plastic pieces are dried and melted.
After the melted plastic is filtered for
contaminates, it is squeezed our into
strands. The strands are either spun into e-mail us: recycling@scu.edu
fiber or chopped into pellets. o, 1o facebook aroup: scu recycles!

o What products will benefit from this long lifespan? Cars, computers, planes,
boats

o How long is a plastic product expected to be used? Most of the plastic products
you named earlier were one time use items. Sometimes expected to be used for
as little as 15 minutes like a straw but will remain on this planet long after.

o Name other one-time use plastic products?You would not want your computer
to be made of a fast compostable plastic but you might want your coke bottle to
be. Plastic products are starting to be made smartly by considering how long
the products useful lifespan is and providing a composition that will decompose
after the useful lifespan.

Plastic Lunch Survey:

Activity Description:
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Have every student count how many products in their lunch that are considered one time use,
recyclable or reusable plastics. Tell them what can be recycled at your facility and where to
dispose of it. Every student can come up to instructor with their three values when their done
eating. The students can add their amount to each developing column on the chart being built
upon a large paper, wipe board, chart board, etc. The instructor will announce at the end of
lunch or before the next section what % of the class’s lunch items were one time use, recyclable
and reusable plastic.

For guidance on how recyclable plastic is labeled see the attachment (The institution can print out this
guide for reference at lunch or have a selection of plastic product examples ready to show at lunchtime
to assist the students with characterizing their plastic product types.

Table: Example: Plastic Item Lunch Survey (30 Students)

Plastic Lunch Survey

90

80
70
60
50
40
30
20
10

0

High School Groups can create a more advanced graph showing the amount of plastic ID amounts 1-5.
Which plastic ID # is most abundant? Is that plastic type considered recyclable?

B 1Time Use M Reusable Recyclable

2. HOW does plastic get out to sea?

Introduction: We are living in a throw away nation where as you can see at lunch we
do not reuse materials as often as we just throw things away. Plastic that is not being
recycled into new products or reused ends up impacting our environment whether in
the ground or dumped into the ocean. There are many ways people and nature cause
marine plastic pollution to happen.
o How does plastic wind up in the ocean? It is a combination of people’s

behavior and natural forces

(Corresponding Action: Pass around Atlantic Ocean plastic debris bottle

if lent by ORP.)
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The Chesapeake Bay and its rivers are a part of a large watershed.

What is a watershed? Area of
drainage. Multiple urban
population drawing from the
bay and rivers. Anne Arundel
County is located in the
Chesapeake Bay Watershed.
Can ask what cities and rivers.
How might people living near
a watershed or by the ocean
cause plastic to wind up at
sea? Where might people be
when this happens? Litter;
boat, beach, waterfront
restaurant or unsecured trash
on family or institution
property during rain event
can cause storm water runoff
sending plastic debris downstream to sea.

Besides storm water runoff what other natural forces could cause
floating plastic to go deep out into the ocean? Predictable tide effect,
currents, prevailing wind, unpredictable storms or natural disasters
(tsunami, great floods, hurricanes. Elaborate on how the moon uses
gravity when circulating the planet to pull and push the ocean causing
high and low tides and currents, explain that there are also currents and
wind cycles caused by uneven heating of the earth by the sun which
carries or blows plastic regularly out to sea from land.

(Corresponding Activity: Institution can show students where the natural
rain water runoff drainage occurs on the property and if it is directed to
benefit the property (ex. rain garden) or if it floods the streets that
potentially move littered debris downstream into the watershed and out
to sea. At waterfront lesson sites, relay how the change of tides, and
high water storm events could just as easily wash debris ashore as it can
wash debris offshore. Could coordinate activity and section around
beach/waterfront cleanup.)

Where does the plastic go once offshore? Predominantly to Gyres (not
an island of garbage), there are 5 large ones bigger than the state of
Texas which is an ocean region surrounded by circulating currents,
where plastic accumulates, the plastics breaks down into pieces smaller
than your fingernail due to wave action, UV rays and marine life living or
eating it. You can find fishing line, foam, plastic bag material, and many
other types of plastic afloat in these regions.

Chesapeake Bay Watershed

[ chesapeake Bay Watershed
~—— State Boundary
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3. What are the IMPACTS of plastic at sea?

Plastic in the Food Web Game: (Elementary School Activity)

Using stickers (or tape and a marker)

assign student volunteer roles in the food Plastic in the Food Web Positions:
web. Assign a shark, human, fish, bird,

plankton, sea turtle and 2 pieces of li(—eyéatmg Gitiof m

plastic and tag them with their new role. Top of food |
Announce for shark, human, fish and chain to bottom '
plankton to move to a designated area ' Zl]zsz)cosdpcé;:;:p ?

and put their right hand on the shoulder

: Plastic Plastic
of who they would most likely eat. Tell

Sea Turtle and Bird to come to you and
whisper to them that unfortunately they
were not eaten by their predator or
couldn’t eat their prey and to move to
the side of the food web group because
sea turtle has been entangled in plastic fishing line and bird choked on a soda bottle cap. After
the food web is set up. Ask the rest of the class where the bottom of the food chain is. Ask them
what plankton is and its role. (Zooplankton and Phytoplankton). Now ask the class if Plastic
Piece #1 should come over to get eaten by Plankton. (Yes) Ask the class if Fish would eat the
Plankton that ate the Plastic Piece #1 (Yes), move Plastic Piece #1 to Fish. Ask the class if the
Shark would eat the Fish that ate the Plankton that ate Plastic Piece #1 (Yes), move Plastic Piece
#1 to Shark. Call up Plastic Piece #2 to Plankton, ask class all the same questions, move Plastic
Piece #2 the same web direction but go to human after fish. Ask the class if the Human would
eat the Fish that ate the Plankton that ate Plastic Piece #2 (Yes). Move Plastic Piece #2 to stand
by Human.

Do you see how plastic piece #1 and #2 were eaten by all on the food chain even to be eaten by
humans! Tell all food web volunteers they can put their arms down.

Ask Sea Turtle to tell them why he was not eaten in the food web. Then ask Bird to tell them why they
did not get to eat Fish. Ask all to sit and thank them for their participation.

*The game is optional and the information below can be presented during the game, after, and in
replacement.

o How does plastic in the ocean affect marine life? Entangle, cut,
suffocate, and deform growth of marine life. (ex. fishing line) Can be
eaten and result with choking or exposing the un-natural often toxic
chemicals to the marine species.

o What chemicals are added to plastic that are toxic or are absorbed
once the plastic is floating in the water? Hint: Some of these toxins
wash off the land from farming and can also be a threat to life in the
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watershed. (POPs) Persistent Organic Pollutants (PCBs, PAHs), fertilizers,
pesticides and additives like fire retardants are all toxic chemicals.

How can plastic at sea affect human health? Food web. We are at the
top of it and small plastic eating plankton and bacteria are at the
bottom. As the big fish eats the slightly smaller prey, plastic
accumulates in their bellies once again exposing toxins to the animal,
than we eat the seafood containing these toxins. Food containing plastic
toxins are considered cancer causing (carcinogenic & mutagenic).
Plastics withholding POPs are toxic throughout their whole lifecycle.
Plastic also act as habitat and a mode of transportation for non-native
species and potentially disease carrying bacteria to compromise delicate
ecosystems in major watersheds around the globe.

4. SOLUTIONS: What can we do to keep plastic out of our oceans?

@)

5. Quick Recap:

What can we do to keep plastic out of our ocean and from negatively
impacting marine life and human health?

Reduce, reuse, recycle, recover and redesign

What are some examples this institution has taken to prevent adding to
plastic pollution? Let’s think of an example for each R word.

What are some way we can apply these solutions outside of this
institution on our own.

WHAT is the origin, usage and lifecycle of plastic?

HOW does plastic get out to sea?

IMPACT of plastic in the ocean?

SOLUTIONS: What can we do to keep it out of the marine environment?

Feel free to submit Plastic Lunch Survey data to the Ocean Research
Project team to highlight your institutions educational activity! For
questions or feedback, email, Nicole Trenholm at
trenholm.orp@gmail.com
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Recycle Symbol ID:
USED FOR RECYCLABILITY HEALTH NOTES

PLASTIC #1 - POLYETHYLENE TEREPHTHALATE (PET)

» soft drink, water, and other
beverage bottles

« detergent and cleaning
containers

« peanut butter and other
food containers and bottles

{n

PET

* milk and water jugs

* laundry detergents,
shampoo, and motor oil
containers

* shampoo bottles
*+ some plastic bags

2y

HDPE

+ clear food packaging, cling
wrap

* detergents and window
cleaner bottles

* some plastic squeeze
bottles, cooking oil and
peanut butter jars

* vinyl pipes

* shower curtains

+ flooring, home siding, and
window and door frames

&

PET is recycled into: new
bottles, polyester for fabrics
and carpet, fill for bumper
cars and fiberfill for sleeping
bags and jackets.

Clear HDPE containers are
easily recycled back into new
containers.

Colored HDPE are converted
into plastic lumber, lawn and
garden edging, pipes, rope,
and toys.

PVC is one of the least
recyclable plastic due to
additives. Potentially harmful
substances are also created
by its disposal.

Mo known health issues.

PLASTIC #2 - HIGH DENSITY POLYETHYLENE (HDPE)

Mo known health issues.

PLASTIC #3 - POLYVINYL CHLORIDE (PVC OR V)

Many harmful chemicals are produced in
the manufacturing, disposal, or destruction
of PVC including:

* Lead

* DEHA (di(2ethylhexyl)adipate)

* Dioxins

* Ethylene dichloride

* Vinyl chloride

Effects of exposure to these chemicals
may include: decreased birth weight,
learning and behavioral problems in
children, suppressed immune function and
disruption of hormones in the body, cancer
and hirth defects, genetic changes.

PET is one of
the most easily
recycled plastic.

HDPE is easily
recycled.

Harmful
chemicals
created as a
byproduct of
PVC can also
settle on
grassland,
where they can
be consumed
by livestock,
and accumulate
in meat and
dairy products
that are directly
ingested by us.

+ bread, frozen food, and
grocery bags

+ most plastic wraps

+ some bottles

7\

LDPE

+ deli soups, syrup, yogurt and
A margarine containers
+ disposable diapers
) + outdoor carpet
* house wrap

PP * clouded plastic containers,
e.g. baby bottles, straws
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PLASTIC #4 - LOW DENSITY POLYETHELENE (LDPE)

LDPE is not usually recycled.

PP is not easily recycled.
Differences in the varieties of
type and grade, mean
achieving consistent quality
during recycling is difficult.

7/30/2014

MNo known health issues.

PLASTIC #5 - POLYPROPYLENE (PF)

No known health issues.

While no known
health effects
associated with
the use of this
plastic are
known, organic
pollutants are
formed during
manufacturing.
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PLASTIC #6 - POLYSTYRENE (PS)

Rigid Polystyrene

* CD cases

* disposeable cutlery
Formed Polystyrene
(Styrofoam)

+ food containers

+ packaging

* insulation

* egg cartons

* building insulation

6y

PS

Recycling PS is possible, but
not normally economically
viable.

Styrene can leach from polystyrene. Qver
the long term, this can act as a neurotoxin.
Studies on animals report harmful effects
of styrene on red-blood cells, the liver,
kidney, and stomach organs’.
' US Envinonmental Protection Agency (1992) “Styrene”. Air
Toxics Wabsite. Retrieved an 31/1/2008 from

" a oyt fistyrang.r
Styrene can be absorbed by food, and
once ingested can be stored in body fat. It
is thought that repeated exposure could
lead to bioaccumulation®.

? WHO International Programime On Chamical Salety.
“Styrene”. Environmental Health Criteria 26, Retrieved on
3112008

httpwww.

incherm.org/docu mentsehcis helahc?26. him

Try reusing
styrofoam
packing
peanuts, and
polystyrene
cutlery where
practical.

* lids

* medical storage containers
* glectronics

* most plastic baby bottles

* 5-gallon water bottles

* “sport” water bottles

+ metal food can liners

* clear plastic “sippy” cups

+ some clear plastic cutlery

A

OTHER

Mixed resin plastics like #7
are difficult, if not impossible,
to recycle.

Health effects vary depending on the resin
and plasticizers in this plastic that often
includes polycarbonates. Polycarbonate
plastic leaches bisphenol A (BPA) a known
endocrine disruptor. By mimicking the
action of the hormone, estrogen, bisphenol
A has been found to: effect the
development of young animals; play a role
in certain types of cancer; create genetic
damage and behavioral changes in a
variety of species.

bisphenol A is widespread--one study
found BPA in 95% of American adults
sampled®.

3C:alal'al, AN, Kuklenyik, Z., Reidy, J.A., Caudil, S.P,,
Ekong, J. & Needham, L.L. {2005) “Urinary Concentrations of
Bisphenal A and 4-Nonylphenol in a Human Referance
Population” Environmental Health Perspectives 113: 381-
395, Retreved 31/1/2008 from
hitlpiveww_ahponling.org/meambe rs/2004/7534/7534_himi

PLASTIC #7 - MIXED (OTHER)

The number of
studies
documenting
the detrimental
effects between
BPA and health
are increasing.
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