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Introduction
Waste is a major global sustainability issue and is
deeply rooted in many facets of our lives—from
the products we buy to the sources of our energy.
Every year, the world generates nearly 2.4 trillion pounds of municipal solid waste; by 2025,
this number is expected to double to 4.8 trillion
pounds.1 In most countries with increasing population, prosperity, and urbanization, it remains a
major challenge for municipalities to collect, recycle, treat, and dispose of increasing quantities of
waste.2 Hazardous waste is another key piece of the
waste management puzzle—improper disposal of
hazardous waste can release toxins that are harmful
to people and the environment. Every second, 13
tons of hazardous waste are produced around the
world—equating to more than 400 million tons
of hazardous waste annually.3 Taking a close look
at waste issues is a vital part of working toward
sustainable societies, economies, and environments.

tain these wastes, creating serious problems for
future generations.5 In 1980, after the discovery of
hazardous and toxic waste sites around the United
States—most notably the Love Canal in New
York State—Congress enacted the Comprehensive Environmental Response, Compensation, and
Liability Act (CERCLA), commonly known as
the Superfund program. These historical accounts
of waste management provide an engaging way
for students to learn about pivotal moments in the
history of environmental regulation.
Hazardous and toxic waste were not the only
wastes to go unregulated. Even though nuclear
waste is linked to serious health effects and has
been around since the 1940s, we still do not have
a long-term solution for managing this waste and
it was not regulated until the enactment of the
Nuclear Waste Policy Act in 1982—40 years after
the production of nuclear waste first began. Before
this act, nuclear wastes were kept in various types
of interim storage and in some cases were released
into the environment. The Hanford Nuclear Reservation in Washington State—which contains 56
million gallons of high-level nuclear waste—exemplifies many of the issues associated with storing
and producing nuclear waste.6
Beyond regulation, waste education also gives
students a chance to learn about civic participation
and community development, as well as examine
their own patterns of consumption. Students learn
that they can make choices about waste that are

Why waste education?

SARA | FLICKR.COM

A study of waste provides a compelling opportunity to examine real-world issues of environmental
science, governmental regulation, and civic participation. Throughout much of the United States’
history, the disposal of hazardous and toxic waste
was not regulated. Companies previously dumped
these wastes into the ground or waterways or
hired transporters to move the wastes off-site.4
Oftentimes, companies did not record the types of
waste they produced or make an effort to con-

INTRODUCTION
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part of sustainable solutions to critical challenges
facing the world today. For example, in their own
lives, student may choose to buy products with
little or no packaging in order to reduce landfill
space. Collectively, students might petition companies to use less hazardous ingredients in their
products in order to reduce the amount of hazardous materials in our bodies, landfills, and the environment. What a Waste! Explorations of Household,
Industrial, and Nuclear Waste presents an opportunity for you to engage your students in a relevant
and authentic exploration of different aspects of
the issue of waste.

Why use this unit?

What a Waste! contains seven hands-on lessons
that highlight waste issues from your backyard to
around the world and range from household, to
industrial, to nuclear waste. Throughout this unit,
students are asked to reflect on how waste is connected to their own lives and to investigate paths
toward a zero-waste lifestyle. Case studies from
the Love Canal tragedy and the Hanford Nuclear
Reservation provide students with historical
accounts of waste management trends throughout
the 20th century, and help students better understand how legacy pollutants are affecting society
and the environment today. For a more place-based
approach, these case studies can be supplemented
or exchanged with case studies from Superfund
sites in your state.
Just as waste is an interdisciplinary topic, so
too is this unit. During the first week, students
review different types of waste, the relationship
between waste and sustainability, how improper
waste disposal methods led to the creation of the
Superfund program, and the role of liability in
environmental regulations and Superfund cleanups. During the second week, students embark on
an in-depth study of nuclear waste. Using Facing the Future’s global sustainability framework,
students explore the social, economic, and environmental impacts of the Hanford Nuclear Reservation—one of the biggest Superfund and nuclear
waste sites in the United States. They do this
by examining the historical context of Hanford,

INTRODUCTION

acting out the role of trophic transfer in ecosystems, taking perspectives of different stakeholders
affected by nuclear waste, and debating the ethics
behind today’s biggest producer of nuclear waste—
nuclear power. The lessons presented in this unit
are student-centered, support critical thinking, and
foster collaboration among students.
In addition to seven fully planned lessons, this
unit includes seven corresponding readings, formative and summative assessments, extensions, and
service learning ideas. Readings include vocabulary,
youth profiles, career profiles, case studies, and
questions that check for student understanding.
While formative assessments vary throughout the
unit, each lesson is guided by inquiry and critical
thinking questions and concludes with discussion questions. The unit also includes a pre and
post assessment designed to show student growth
in content knowledge, ability to analyze complex
waste issues, and personal attitudes toward waste.
By engaging students in authentic and relevant activities to explore waste issues, we foster
the understanding and critical thinking skills
needed to make thoughtful personal and collective
decisions about waste outside the classroom. We
hope that What a Waste! prepares your students to
navigate the complex real world issues of waste
production and management and motivates students to participate in positive waste solutions for a
sustainable world.

7
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Unit Overview
historical context and modern legacy of nuclear
waste. The following lessons take an in-depth look
at the social, economic, and environmental consequences of Hanford and nuclear waste.
The culminating lesson evaluates today’s biggest producer of nuclear waste—nuclear power—
by examining its costs, benefits, ethical implications, and the conflicting opinions of experts.
Based on this information, students take a
stance on the use of nuclear energy.
The pre and post assessment can be
administered before and after this unit to measure
content knowledge, personal behaviors, and
personal attitudes about waste issues.

What a Waste! Explorations of Household, Industrial,
and Nuclear Waste begins by introducing students
to municipal solid waste—the waste they produce
at school and in their homes. After examining
municipal solid waste trends around the world,
students compare different types of waste. A case
study about the Love Canal tragedy introduces
students to 20th century waste management practices that led to the enactment of the Comprehensive Environmental Response, Compensation, and
Liability Act, commonly known as Superfund.
Through a case study of the Hanford Nuclear
Reservation—one of the biggest Superfund Sites
in the United States—the class examines the

Lesson Features
Every lesson in this unit includes:
•
•
•
•
•

•
•
•
•
•

Additional resources
Background information for educators
Discussion questions
Inquiry/critical thinking questions
Key concepts

Lesson extensions
U.S. standards correlation
Service learning ideas
Student objectives
Supporting vocabulary

Key Concepts
Each lesson includes a short reading for teachers that provides background information
on the key concepts covered in this unit.
•
•
•
•
•
•
•
•
•

Bias
Bioaccumulation
Biomagnification
CERCLA
Community development
Ethical dilemma
Hanford Nuclear Reservation
Hazardous waste
Liability

•
•
•
•
•
•
•
•
•

Love Canal tragedy
Media literacy
Municipal solid waste
Nuclear energy
Nuclear waste
Orphan share
Polluter pays principle
Precautionary principle
Public polarization

•
•
•
•
•
•
•
•
•

Refugium
Stakeholder
Superfund site
Superfund trust fund
Sustainability
Toxic waste
Trophic transfer
Unintended consequence
Waste

Standards Correlations
What a Waste! Explorations of Household, Industrial, and Nuclear Waste correlates to
standards in all 50 U.S. states, including Common Core State Standards. Visit our
standards correlation tool to see how this unit and individual lessons correlate to state
standards. www.facingthefuture.org/CurriculaFreeUnits/StandardsCorrelations
UNIT OVERVIEW
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Suggested Scope and Sequence
Lesson 1: What a Waste!   (80 min)

Students define the three pillars of sustainability and examine municipal solid waste issues
in 5 different countries.

Student Reading 1: Pathways to Progress: Municipal Solid Waste

Students learn about the role consumption plays in creating waste and how they can move
toward a zero-waste lifestyle.

Lesson 2: Superfund Sites   (Activity 1: 50 min | Activity 2: 50 min)

Students compare and contrast different types of waste and research Superfund sites
around the United States.

Student Reading 2: Pathways to Progress: Hazardous Waste

Students learn how to reduce hazardous waste in their homes, schools, and communities.

Lesson 3: Polluter Pays?   (50 min)

Students apply the polluter pays principle to issues of environmental liability and the
Superfund tax.

Student Reading 3: Pathways to Progress: Polluter Pays Principle

Students reinforce their learning about environmental liability and the polluter pays
principle and learn about ways to prevent pollution.

Lesson 4: History of Hanford   (Activity 1: 80 min | Activity 2: 50 min)

Students identify unintended consequences of the Hanford Nuclear Reservation—a major
Superfund site.

Student Reading 4: Pathways to Progress: Unintended Consequences

Students review the concepts of unintended consequences and the precautionary principle.

Lesson 5: Blowing in the Wind   (Activity 1: 50 min | Activity 2: 50 min)

Students discover how pollutants can move from one trophic level to another during a role
playing game.

Student Reading 5: Pathways to Progress: Refugiums and Habitat Restoration
Students learn about habitat restoration projects at Hanford and around the world.

Lesson 6: Envisioning Hanford’s Future   (50 min)

Students take on the roles of different stakeholder groups who have been affected by
nuclear waste.

Student Reading 6: Pathways to Progress: Community Development

Students learn how different young people are working to improve their communities
through community development.

Lesson 7: Nuclear Dilemmas   (Activity 1: 50 min | Activity 2: 50 min)

Students examine ethical issues surrounding today’s biggest producer of nuclear waste—
nuclear power.

Student Reading 7: Pathways to Progress: Ethical Decision Making

Students learn how different media literacy techniques can inform ethical decision making.

UNIT OVERVIEW
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During an introductory activity, 

students define sustainability and its three key
components—society, the economy, and the
environment—by comparing and contrasting
the characteristics of a plastic soda bottle and an
aluminum soda can. In jigsaw format, students
examine municipal solid waste issues such as: access
to collection, e-waste disposal, illegal dumps, and
workers’ rights in 5 different countries.

© TIMOTHY KRAUSE | FLICKR.COM

Lesson

What a Waste!

JEFFREY BEALL | FLICKR.COM

Objectives
Students will:
• Define sustainability and its three key
components: society, the economy, and the
environment.
• Examine modern waste management in 5
different countries.
• Understand where waste goes when it
is thrown away and the local and global
impacts of waste disposal.
• Propose sustainable solutions to modern
waste management issues.

Inquiry/Critical Thinking
Questions
• What does sustainability mean and how
does it apply to human activities?
• What does “throw away” really mean?
• What are the impacts of waste on societies,
economies, and environments?
• How do societies around the world deal with
waste?
• What are some ways to handle waste in a
more sustainable way?

Time Required
80 minutes

Key Concepts
• economy—A system that includes the
production, distribution, and consumption of
goods and services.

1 What a Waste!

• environment—The physical surroundings,
including living (biotic) and nonliving (abiotic) factors, in which we live.
• municipal solid waste (MSW)—The everyday items we use and then throw away, such
as packaging, food scraps, grass clippings,
sofas, computers, tires, and refrigerators.
MSW does not include industrial, hazardous, or construction waste.
• society—A community, nation, or other
group of people who have common interests,
institutions, or culture.
• sustainability—The principle of meeting
current needs without limiting the ability of
future generations to meet their needs.
• waste—A resource that is not safely recycled
back into the environment or the marketplace.

Supporting Vocabulary
These definitions are provided to help expand
class discussions and provide additional background information for you and your class. Not
all of these vocabulary words are used explicitly
in this lesson.
• compost—Organic matter that has been
decomposed for use as a fertilizer or soil
amendment.
• global issue—An issue that is transnational
and transboundary, persists over time, affects
large numbers of people, has underlying
causes, and is connected to other global
issues.

11
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• landfill—A place where garbage is buried; a
typical landfill is lined with plastic to protect
the surrounding soil and groundwater, and
new garbage is covered with soil each day.
• open dump—An uncovered and unlined site
where garbage is collected. Leachate, a liquid
formed by decomposing waste, soaks into
the soil and groundwater. These dumps are
a source of land, water, and air pollution, and
often cause public health hazards.
• recycle—To turn used materials used into
new products.
• waste prevention—Actions or choices that
prevent the generation of waste.
• zero waste—A system that designs products
and manages production in order to eliminate the volume and toxicity of waste, and
to conserve and recover all resources rather
than burning or burying them.

Background Information
for Educators
Simply defined, sustainability is the principle
of meeting current needs without limiting
the ability of future generations to meet their
needs. As individual consumers, it can be challenging to make choices with sustainability in
mind, especially when product labels do not
provide adequate information regarding materials or manufacturing processes. By examining
the social, economic, and environmental costs
and benefits of a product, we can make more
sustainable choices.

1 What a Waste!
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One major sustainability issue around the
world is municipal solid waste—the waste that
we commonly throw away at home, schools,
and businesses. Every year, the world generates nearly 2.4 trillion pounds of municipal
solid waste; by 2025, this number is expected
to double to 4.8 trillion pounds.1 Due to a lack
of information or waste management services,
reusable, compostable, and recyclable waste
often winds up in landfills. Reducing
waste production and increasing reuse,
composting, and recycling are key to a more
sustainable society.

U.S. Standards Correlation
• State and national standards: Visit our
Standards Correlation Tool at
www.facingthefuture.org/CurriculaFreeUnits/StandardsCorrelations

Materials/Preparation
Two sodas: a 12-ounce plastic bottle and a
12-ounce aluminum can
Display Copy: Plastic or Aluminum?
Handout: Municipal Solid Waste Profile,
1 set of 5 different countries per group of 5
Handout: Municipal Solid Waste Jigsaw,
1 per student
Optional: Internet access for student
research

© FACING THE FUTURE www.facingthefuture.org
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Activity
Introduction
1. Ask for a volunteer to define the word
sustainability.
2. Share with students the definition of
sustainability.

• sustainability—The principle of meeting current needs without limiting the
ability of future generations to meet their
needs.

3. Ask the class to name at least 2 reasons
why it is important to know whether or
not a product is sustainable.

4. Hold up the soda in a plastic bottle and the
soda in an aluminum can for the class to see.
5. Ask the class:

• What are some differences between
these 2 packages?
• If you wanted to buy a soda, which
would you purchase and why?

• How do these packages relate to sustainability?

6. Project only the first row of the display
copy Plastic or Aluminum? Do not reveal
any other rows at this time.

		Option: Ask students to conduct research
and fill in columns 2 and 3 on their own.
7. Ask the class:

• Do you think the plastic bottle or aluminum can is a more sustainable package?
Why?

1 What a Waste!

• What additional information would you
want to know about each package to
make a more informed decision regarding its sustainability?
		Note: You may want to record these
characteristics on the board.
8. Share with students that they are about to
learn more information about each package.
9. Reveal the remaining rows on the overhead,
listed below, one at a time. After each
reveal, ask students which soda package
is more sustainable and why. Let the class
know that there may not be a right answer,
but they should be able to justify their
ideas. Students will likely change their
opinion at least once as more information
is provided.
• Composition: Plastic is derived from oil.
Oil extraction requires a lot of energy, oil
transport is prone to spills, and oil property rights have caused human conflicts.
Aluminum is produced from bauxite.
Bauxite mining is energy intensive, uses
a lot toxic chemicals that are often left at
the mining site, and can expose workers
to dangerous working conditions.
• Travel: Oil for plastic production and
bauxite for aluminum production are
often transported long distances to reach
the factories where they will be refined.
Traveling fewer miles uses less fuel and
produces fewer emissions.
• Energy: Energy is used to extract
resources from the ground, fuel their
transport to processing plants, and to
13
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process virgin materials into the final
product. When plastic and aluminum are
produced from recycled materials, the
energy required decreases significantly.
• Processing Chemicals: Chemical additives are used in the production of plastic
and aluminum to achieve certain characteristics, such as flexibility and color. These
chemicals can cause environmental and
human health problems. Benzene used
in plastic production causes many serious
human health problems. Emissions from
processing chemicals used to produce
aluminum can cause smog and acid rain.

• Weight: Lighter products require less fuel
to transport and generate fewer emissions.

• Recyclability: Even if items are recyclable,
other inputs, such as virgin materials or
chemicals, might be necessary to make
the recycled product usable. Plastics break
down during the recycling process and
can only be recycled into plastics of lower
quality. This process is called downcycling.
While aluminum can be recycled an unlimited number of times, it is often melted
down in a way that requires the input of
virgin aluminum and magnesium before it
can be turned into new cans.

		Option: Ask students to write their
answers rather than express them verbally.
10. Guide a class discussion using the
following questions:

• What piece of information was most
helpful when considering the sustain-

1 What a Waste!
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ability of the soda packaging?

• Do you think people consider packaging
and waste when they make purchases?
Should they? Why or why not?
• If more information should be provided
about packaging, who should provide
that information and how should it be
provided? (At supermarkets? In the
news? At school? On the package?)

• When trying to determine how sustainable a product is, there may not always be
a definitive answer. In these cases, how
might you decide which product to buy?

11. Explain that a common way to determine
whether an activity or product is
sustainable is to evaluate how it impacts
the economy, environment, and society.

12. Write the following definitions on the board:
• society—A community, nation, or other
group of people who have common
interests, institutions, or culture.
• economy—A system that includes the
production, distribution, and consumption of goods and services.

• environment—The physical surroundings, including living (biotic) and nonliving (abiotic) factors, in which we live.

13. In Think-Pair-Share format, ask students
to identify ways that society, the economy,
and the environment might be affected
by the production of plastic bottles and
aluminum cans.

© FACING THE FUTURE www.facingthefuture.org

COLIN DELANEY | F LICKR.COM

Steps
1. Share with students that they will be
embarking on a study of waste.

2. In popcorn style, ask students to list
different words that describe trash (e.g.,
waste, rubbish, garbage, refuse, junk, litter,
etc.). Write these words on the board.
3. Share with students that an individual’s
trash is also known as municipal solid
waste (MSW). MSW is made up of the
everyday items we use and then throw
away. These materials include items such
as packaging, food scraps, grass clippings,
sofas, computers, tires, and refrigerators.
MSW does not include industrial,
hazardous, or construction waste.
4. Ask students why they think industrial,
hazardous, and construction wastes are
categorized differently from MSW.
(These wastes need to be processed separately
because they may contain toxic or hazardous
materials.)

5. Write the following statements on the board:
• Today, the world generates nearly
2,400,000,000,000 pounds of MSW
per year.2 This weighs as much as
171,428,571 male African elephants!3
• By 2025, the world will be producing
4,800,000,000,000 pounds of MSW
per year.4 This weighs as much as
1,090,909,091 fire trucks!5

		Option: Save the contents of your
classroom trash can for a 24-hour period,
and allow the class to view all of the trash

1 What a Waste!

spread across a large table covered in
newspaper or plastic.

6. Give students time to make observations
about the statements on the board.

7. Ask students why this increase is projected.
(Answers may include population growth,
increasing wealth in developing countries,
etc.)
8. Tell students that when it comes to
municipal solid waste, nothing is really
“thrown away.” Ask students where trash
really goes after it is put in the garbage.

9. Tell students that nearly every city
government provides municipal waste
management. This process includes the
collection, sorting, separation, transfer, and
disposal of garbage.

10. Ask students to imagine what would
happen if governments did not provide
MSW management.

11. Share with students that they will be
investigating the sustainability of MSW in
different countries.
12. Give each student 1 copy of the handout
Municipal Solid Waste Jigsaw and discuss
the directions.

		Option: In place of reading the Municipal
Solid Waste Profile handout, students can
conduct their own research about the waste
and needs of one country on the Municipal
Solid Waste Jigsaw (Algeria, Brazil, Finland,
India, the United States). Provide the

15
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following questions for guidance:

• What is the typical composition of
household waste (organic, paper, plastic,
glass, metal, other)?
• Do most people in the country have
access to waste collection? What types
of collection are available (garbage,
recycling, compost, e-waste, household
hazardous waste)?

• Does living in an urban or rural area of
this country determine access to waste
collection?
• Who manages the waste collection
(private companies, the government,
individuals)?

• Has the country mandated MSW regulations? If so, what are they and when
do/did they take effect?
• What major MSW issues does this
country face?

• What sort of MSW solutions is this
country attempting?

		
Have students focus on the following
issues for each specific country:

• Algeria: workers’ rights, illegal dumps,
growing MSW production
• Brazil: open dumps, MSW funding,
organic waste

• Finland: recycling rate stagnation, incineration
• India: open dumps, ragpickers, organic
waste, e-waste

1 What a Waste!
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• The United States: landfills, MSW per
capita, e-waste

		
The following websites may prove useful
for student research:

• The World Bank: What a Waste: A
Global Review of Solid Waste Management
This report provides data on municipal
solid waste generation, collection, composition and disposal by country, region,
and income level.
http://siteresources.worldbank.org/
INTURBANDEVELOPMENT/Resources/
336387-1334852610766/What_a_
Waste2012_Final.pdf

• D-Waste: Waste Atlas
This free, crowdsourced map visualizes
municipal solid waste management data
for 162 countries across the world. Waste
Atlas is developed with the contribution
of scientists from different countries and
the utilization of published data.
www.atlas.d-waste.com

• StEP Initiative: E-waste World Map
This e-waste world map provides
comparable, country-level data on the
amount of electronics put on the market
and the resulting amount of e-waste
generated.
www.step-initiative.org/step-e-wasteworld-map.html

• Earth911: Trash Planet
The Trash Planet series highlights various countries around the world and how
they handle their waste.
www.earth911.com/?s=trash+planet
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13. Divide the class into groups of 5 students
and give each student within the group
a different Municipal Solid Waste Profile
handout. Ensure that each group receives a
profile for each of the 5 different countries.

		Option: Instead of giving groups 5 different
countries, assign each group a different
country. Each group should read about their
assigned country and come to a consensus
on the information to include on their
worksheet. Once every group has completed
the information about their country, they
present the information to the class.
14. Give students 15 minutes to individually
read their assigned Municipal Solid
Waste Profile and record notes in the
corresponding row of the handout
Municipal Solid Waste Jigsaw.

15. After students finish their portion of the
jigsaw, instruct each student to summarize
aloud for their group what they have learned
about their country’s waste issues and what
solutions they suggest. Other students in
the group should record this information on
their Municipal Solid Waste Jigsaw.
16. Once all students have shared their
summaries, have each group discuss the
following questions:

• What are some of the most surprising
facts you learned?

• What are 3 critical waste issues we face
today, as a global community?
• Why do these waste issues need to be
addressed?

1 What a Waste!

• How do you think these waste issues
should be addressed?

• Based on the different perspectives
you heard in your groups, what are the
challenges to creating sustainable waste
disposal?

17. Bring the class back together and have
groups share their answers.

18. Conclude this activity with one or more of
the following discussion questions.

Discussion Questions
1. How does MSW affect society, the
economy, and the environment?

2. How do MSW issues vary among
countries with low, medium, and high
income levels?

3. Does recyclable mean sustainable? Why, or
why not?
4. What possible actions could you take to
support more sustainable waste production
and disposal?

5. When you purchase a product, what
sorts of costs might not be included in
its price? Should consumers be better
informed about the impacts of waste? If so,
who should be responsible for educating
consumers about waste?
6. Do you think hidden costs, such as waste
disposal, should be included as part of
pricing products?
7. How could products be designed with
waste in mind?
17
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8. Would easy access to information about
the waste created by a product change any
of your behaviors? Why or why not?

Lesson Extensions
Art Extension
Have students view Gregg Segal’s online art
exhibit “7 Days of Garbage” that shows a series
of photographs of friends and neighbors with
the garbage they accumulated in one week.
http://fence.photovillenyc.org/f-2014/atlanta/
home/gregg-segal

Using different art mediums, individual students or small groups can then create their own
art exhibit to demonstrate the amount of waste
in their community. Allow students to choose
from different art mediums, such as drawing,
painting, photography, printmaking, and digital
design, to construct their exhibits. Alternatively,
students can reuse packaging that has been
discarded to create art, jewelry, or clothing.

Warning: For sanitary purposes, instruct
students to wear gloves when handling trash.

Communications/Writing Extension
Have students keep a trash diary for 24 hours in
which they record the number, type, and if desired
weight of the items they discard and recycle during a day. Remind students to record subtle waste
like food wrappers. Have students report their
totals and find a class average. Ask students for
ways that they could reduce their waste disposal
footprint. When the class is debriefing this
activity, ask students to broadly categorize their

1 What a Waste!
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waste (e.g., packaging, food waste, etc.).

Environmental Justice Extension
Find out where the trash from your community goes. Is there a landfill or incinerator in your
community, or is the waste sent elsewhere? If
you are able, take a field trip to the site so that
students can see where “away” is when they
throw trash away.
In some communities, minorities and
low-income populations are disproportionately
exposed to environmental hazards such as
those created by incinerators. Environmental
justice is the fair treatment and meaningful
involvement of all people regardless of race,
color, national origin, or income with respect
to the development, implementation, and
enforcement of environmental laws, regulations, and policies. To learn more about environmental justice visit,
www.epa.gov/environmentaljustice.
After locating your local waste disposal
site, the class can use data from the U.S.
Census Bureau’s Population Finder, to research
demographics of the neighboring community
and explore the following questions.
www.census.gov/popfinder

• Why do you think the landfill or incinerator
is located where it is, instead of in a neighboring zip code?
• Are the waste disposal locations fair? If not,
what could be done to address the inequitable distribution of these facilities?
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Math/Technology Extension
LandVol is a free application that roughly estimates the volume of a landfill and the required
landfill area for the disposal of municipal
solid waste. First, have students consider what
information they need to know to calculate the
volume of an area like a landfill. Next, using
Country Data from the report What a Waste: A
Global Review of Solid Waste Management have
students choose different countries of interest. Using the LandVol App, have students
calculate the size of a landfill to cover one year
of disposal in their selected country. Provide
students with different increasing or decreasing rates of recycling, composting, and disposal
rates to see how landfill volumes are affected.
Have students record their data and changes
in recycling, composting, and disposal rates in
a spreadsheet. Students can then compare the
area of the landfill to overall area of the country.

Science Extension
Have students do a “trash carry” in which they
collect all their trash for an entire day or week
in a trash bag. Students can compare the contents of their trash to that of a typical American, who produces an average of 5.7 pounds of
garbage every day. Have each student report on
the type(s) of items in his/her trash bag that
could be reduced, reused, composted, and/or
recycled in your community. Research the savings of natural resources and energy associated
with composting and recycling different types
of items. This will reveal the relative impacts
that composting and recycling different types
of items would have. Then use that research to
inform the development of a plan for reducing,
reusing, composting, and recycling materials,
either at home or at school. Execute the plan,
and encourage others to join the new composting and recycling movement.

Research and App links:
• What a Waste:

Warning: For sanitary purposes, instruct
students to wear gloves when handling trash. If
you choose to display the trash in your classroom, be sure that the display table is covered
in plastic and is cleaned after the demonstration.

http://siteresources.worldbank.org/
INTURBANDEVELOPMENT/Resources/
336387-1334852610766/What_a_
Waste2012_Final.pdf

• LandVol App for Apple devices:

https://itunes.apple.com/us/app/
landvol/id554997994?mt=8

• LandVol App for Android devices:

https://play.google.com/store/apps/
details?id=com.dwaste.landCalc

1 What a Waste!

The following websites may prove useful for
student research:
• www.recycling-revolution.com/recycling-

facts.html
• www.aluminum.org
• www.napcor.com/plastic/bottles/funfacts.html
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Service Learning Ideas
E-waste
E-waste is piling up all over the world. Often
recycling facilities for e-waste are not available or companies ship materials overseas,
where the toxic materials are dismantled under
dangerous working conditions, sometimes even
by children. Visit Basal Action Network to
learn about responsible electronics recycling.
Next, research different options for repurposing, repairing, and/or recycling e-waste responsibly. Then hold a community e-waste drive
to collect items and educate citizens about
e-waste. Finally, deliver the items to a responsible recycler, repair shop, or to people who
can repurpose them. For example, computers
might be useful at a job-training center, or cell
phones might be reused as emergency phones
for senior citizens. www.ban.org
The Plastic Bank
Help keep plastic out of our parks and waterways. The Plastic Bank is turning plastic waste
into a currency that can be exchanged to help
lift people out of poverty. Have students create
a campaign in which they ask companies,
manufacturers, and/or suppliers to source their
plastics from The Plastic Bank. This switch
will reduce CO2 emissions, help lift people
out of poverty, keep new plastics from being
produced, and reduce plastic waste in landfills
and oceans. Participating businesses will receive
positive public relations and potentially reduce
their operational costs. www.plasticbank.org

1 What a Waste!
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Feed People, Not Landfills
Help keep food out of landfills and help feed
people in need. Have students reach out to
local restaurants, grocery stores, dining halls,
hotels, and farmers markets to encourage them
to become Food Recovery Certified. A food
recovery certification recognizes and rewards
businesses for sharing their unsold food with
local nonprofit organizations at least once per
month. Businesses earn a window sticker and
logo to put on their website that will help generate positive public relations.
www.foodrecoverycertified.org

Reduce Unnecessary Packaging
Many businesses use considerably more packaging than is necessary and they could greatly
reduce their costs by conducting an analysis of
their packaging needs. When students notice
unnecessary packaging, have them contact the
product’s manufacturer or shipping agency.
In addition to encouraging the companies to
reduce their waste, students could also encourage businesses to join the Waste Wise program. www.epa.gov/epawaste/conserve/smm/
wastewise/index.htm
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Additional Resources
Articles
• India’s Slumdog Ragpickers
This article from Electronic Recyclers International features photos and statistics about
the hundreds of thousands of ragpickers in
India. www.1800recycling.com/2010/07/
indias-slumdog-ragpickers

• Nudging Recycling from Less Waste to None
Leslie Kaufman of The New York Times
discusses the concept of zero waste and
how the concept is gaining traction across
the United States as a solution to reducing
the amount of garbage Americans produce.
www.nytimes.com/2009/10/20/science/
earth/20trash.html

• These Workers in São Paulo, Brazil Are
Marching Toward Zero Waste
Learn how recycling workers in São Paulo
are working to creating a zero waste movement in Brazil. http://storyofstuff.org/blog/
they-did-it-in-sao-paulo

• Tossing Out Food In The Trash? In Seattle,
You’ll Be Fined For That
Seattle is the first city in the United States
to fine homeowners for not properly sorting their garbage. The law took effect on
January 1, 2015 as an effort to keep food
out of landfills. www.npr.org/blogs/the-

• Yes, Richer Countries Produce More Waste.
But Do They Have To?
Good Magazine examines waste trends in
Taiwan, which has turned trash collection
into civic duty. Contrary to other countries,
Taiwan is producing less trash as it gets
richer. http://magazine.good.is/articles/
taiwan-trash-program

Books
• Garbology: Our Dirty Love Affair
with Trash
In this 336-page book, author Edward
Humes investigates the social, economic,
and environmental costs of the 102 tons of
garbage produced by an average American
over his or her lifetime.
www.penguin.com/book/garbology-byedward-humes/9781583335239

• The Upcycle: Beyond Sustainability—
Designing for Abundance
This 256-page book from William McDonough envisions beneficial designs of
products, buildings, and business practices.
The book provides real world examples of
cradle-to-cradle designs from around the
world. www.mcdonough.com/speakingwriting/the-upcycle

salt/2015/01/26/381586856/tossing-outfood-in-the-trash-in-seattle-you-ll-be-finedfor-that

1 What a Waste!
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Maps
• The Electronic Waste Trail
This interactive map shows where e-waste
from North America and Europe is exported. Videos from these e-waste sites in
Africa and Asia illustrate the consequences
of e-waste and what you can do to help.
www.greenpeace.org/international/en/
campaigns/toxics/electronics/the-e-wasteproblem/where-does-e-waste-end-up

• Waste Atlas
This free, crowdsourced map visualizes municipal solid waste management data for 162
countries across the world.
www.atlas.d-waste.com

Photos
• Midway: Message from the Gyre
Chris Jordan is an artist whose art focuses on
mass consumption and waste. In his Midway
series, he documents Albatross chicks that
are fed lethal quantities of plastic by their
parents, who mistake the floating trash for
food as they forage over the Pacific Ocean.
www.chrisjordan.com/gallery/
midway/#CF000313%2018x24
Report
• A Citizen’s Guide to Zero Waste
Zero Waste offers a solution to trash that
involves neither incineration nor reliance on
landfills and provides citizens with a positive
agenda for addressing waste issues in their
communities. www.zerowaste.co.nz/assets/
Reports/CitizensGuide.pdf
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Videos
• Great Pacif ic Garbage Patch
This 3-minute video talks about the concentration of plastic debris floating in the Pacific
Ocean, how the debris has accumulated, and
how we can stop the patch from growing.
www.youtube.com/watch?v=Nh6lkv1udb0

• The Story of Electronics
This 8-minute video from The Story of
Stuff Project and the Electronics Take Back
Coalition takes viewers from the mines and
factories where electronics are produced to
the e-waste dumps in China where many
electronics wind up. http://storyofstuff.org/
movies/story-of-electronics

• Throw Away Britain
These 3-minute video clips from BBC News
show how people from Italy, South Korea,
the United States, and Belgium dispose of
their household waste.
http://news.bbc.co.uk/2/hi/7746001.stm

• Voyage of the Mobro 4000
This 13-minute Retro Report video examines
the 1987 fiasco in which a garbage barge
filled with 6 million pounds of trash from
New York spent 5 months adrift at sea. This
barge is attributed with igniting the modern
recycling movement. www.retroreport.org/
video/voyage-of-the-mobro-4000/

© FACING THE FUTURE www.facingthefuture.org

Plastic or Aluminum?
Plastic Soda Bottle

Aluminum Soda Can

1. Price to Consumer
(including 12 fl oz soda)

$1.09

75¢

2. Composition

Oil drilled in Saudi Arabia and
processed in the United States

Bauxite ore strip-mined in Australia
and processed in the United States

3. Travel
(from extraction to refinery)

12,427 miles

7,456 miles

4. Energy8
(to produce 1 kg of plastic or
aluminum without recycled
content)

17,200-31,950 watt-hours

63,000-95,000 watt-hours

5. Processing Chemicals

Plastic production requires
benzene. Excessive exposure to
benzene can lead to leukemia,
bone marrow damage, a damaged
immune system, and even
death.9 Other health impacts may
include drowsiness, dizziness,
headaches, tremors, confusion,
unconsciousness, and irregular
heartbeat.10

Aluminum smelting produces sulfur
oxide and nitrogen oxide, two toxic
gases that are key elements in smog
and acid rain. Short-term exposure
to certain air pollutants can cause
eye burning, throat irritation, or
breathing difficulties. Long-term
exposure can cause cancer and
long-term damage to the immune,
neurological, reproductive, and
respiratory systems.11 Acid rain can
hurt people’s lungs.

6. Weight
(empty)

1.05 ounces

0.5 ounce

7. Recyclability

Plastics break down during the
recycling process and can only be
recycled a few times. Plastic bottles
are frequently mixed with other
plastics and melted into a lower
quality plastic in a process called
downcycling.12 This lower quality
plastic is used to make things
such as park benches and speed
bumps.13

Even though aluminum is 100%
recyclable and does not have
downcycling problems like plastic, it
can still be difficult to recycle. Most
cans are made from two different
types of aluminum and when these
aluminums are melted together,
they are no longer suitable for
making new cans.14 Instead, this
recycled aluminum mixture has to
be combined with virgin aluminum
and magnesium before it can be
used to make new cans.15

1 What a Waste!
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Municipal Solid Waste Profile: Algeria,
Overview
On average, each Algerian produces about 2.7 pounds of waste
every day; by 2025 this is projected to increase to 3.2 pounds per
day.16 The majority of Algerian waste (80%) winds up in open
dumps.17 An open dump is an uncovered and unlined site where
garbage is collected. Leachate, a liquid formed by decomposing waste, soaks into the soil and groundwater. These dumps are
a source of land, water, and air pollution, and often cause public
health hazards.
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Fast Facts
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ALGERIA
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MALI

Let’s explore some of the MSW issues in Algeria.

NIGER

Organic Waste
Organic waste includes food (e.g., fruit, vegetables, dairy, meat,
fish, and grains) and horticultural waste (e.g., grass clippings and
tree branches). Up to 70% of Algeria’s MSW is organic waste.18
Organic waste contained in open dumps can attract diseasespreading animals such as flies, cockroaches, rats, vultures, and
stray dogs.

Electronic Waste (e-waste)
Electronic products that have become unwanted, non-working, or
obsolete are known as electronic waste or e-waste. In 2012, Algeria produced 177,086 tons of e-waste (9.7 pounds per person).
E-waste contains over 1,000 different substances including toxic
heavy metals and organic compounds that cause serious environmental damage when not properly recycled. Many workers who
break down electronics for recycling often do not wear proper protection and can be exposed to toxins that cause headaches, irritability, nausea, vomiting, eye pain, liver problems, kidney problems,
and neurological disorders.

Other Issues

UPPER MIDDLE 29

MSW

per capita

985.5 pounds/year 30

Total MSW

9.370 million tons/year 31

Collection Coverage
92% 32

Recycling Rate
4.5% 33

Costs

The World Bank estimates that it would cost $300-400 million per year to properly treat and dispose of Algeria’s waste.19
However, the government has only allocated half this amount for
MSW management.20
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Improper Disposal
80% 34
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Municipal Solid Waste Profile: Algeria,
Illegal Dumps
Algeria lacks an adequate number of regulated landfills and as
a result some municipalities go to great lengths to dispose of
their garbage. There are 2,100 illegal dumps nationwide.21 In the
province of Béjaïa, MSW management workers frequently empty
dumpsters in the Kherrata gorges, one of northern Algeria’s most
beautiful tourist sites and home to endangered Barbary macaque
monkeys.22 The largest illegal dump in Béjaïa is in the middle of
Gouraya National Park.23

Public Health
In the city of Oran, there have been reported outbreaks of plague
due to the lack of waste treatment, fresh water, and waste collection
and disposal capacity.24 Noxious emissions from burning garbage
have generated respiratory diseases near Algiers.25 Inappropriate
handling of waste by municipal staff and illegal scavengers has also
led to skin diseases and other ailments.26

Positive Progress
Currently, there are only 10 operational landfills in the whole country.27 Algeria is making great strides to increase access to landfills:
32 additional landfills have been constructed, but are not yet operational; 42 landfills are currently being constructed; and 27 sites are
being studied for future landfill development.28 While landfills
are not a sustainable MSW solution, they reduce the number of
contaminants leaching into soil, eliminate access to MSW from
disease-spreading animals, and help protect MSW workers from
toxins.
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70% ORGANIC

12% OTHER
10% PAPER
5% PLASTIC
2% METAL
1% GLASS
Other waste includes household and
consumer items such as: dirt from sweeping
or vacuuming, ceramics, clothing, leather,
rubber, packaging materials, and bulky
household items (e.g., sofas, refrigerators,
toilets, mattresses, toasters, etc.).
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Municipal Solid Waste Profile: Brazil,
Overview
On average, each Brazilian produces about 2.3 pounds of waste
every day; by 2025 this is expected to increase to 3.5 pounds
per day.36 The majority of Brazilian waste (60%) winds up in lixões
(slang for “big garbage”), comprised of open dumps, waterways,
and other unregulated sites.37 An open dump is an uncovered and
unlined site where garbage is collected. Leachate, a liquid formed
by decomposing waste, soaks into the soil and groundwater. These
dumps are a source of land, water, and air pollution, and often
cause public health hazards.
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Let’s explore some of the MSW issues in Brazil.

Organic Waste
Organic waste includes food (e.g., fruit, vegetables, dairy, meat,
fish, and grains) and horticultural waste (e.g., grass clippings and
tree branches). In most industrialized countries, organic waste
barely reaches 50% of total MSW, whereas in Brazil, most cities report values well above this figure.38 Since the country relies
mainly on open dumps to manage most of its garbage, organic
waste can pose public health and environmental risks. Organic
waste contained in lixões can attract disease-spreading animals
such as flies, cockroaches, rats, vultures, and stray dogs.

Electronic Waste (e-waste)
Electronic products that have become unwanted, non-working, or
obsolete are known as electronic waste or e-waste. In contrast to
more developed countries, electronics in Brazil are passed on to
poorer people in the community before being thrown away. Even
though electronics are typically reused by several families, Brazil
still generated 1.4 million tons of e-waste in 2012 (15.6 pounds
per person).39 Recycling electronic items is critical to preserve
landfill space and ensure that hazardous materials contained in
electronics are properly disposed of.
In Brazil there are very few e-waste disposal sites available and
most are concentrated in the southeastern and northeastern parts
of the country.40 Unprotected workers at these sites can be exposed
to toxins that cause headaches, irritability, nausea, vomiting, and
eye pain. Workers have also reported suffering from liver, kidney,
and neurological disorders.
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Income Level

UPPER MIDDLE 45

MSW

per capita

839.5 pounds/year 46

Total MSW

59.988 million tons/year 47

Collection Coverage
83% 48

Improper Disposal
42% 49
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Municipal Solid Waste Profile: Brazil,

page 2

MSW COMPOSITION

Other Issues
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Costs

One of Brazil’s greatest waste management hurdles is acquiring
financing for MSW management. More than 35% of Brazilian
municipalities do not have a payment system to charge individual
households for MSW services.41 Cities, with more dense populations, are able to pool financial resources to establish more effective
MSW collection services. However, since Brazil is mostly comprised of small cities and rural areas, the majority of the country
lacks financial resources for MSW management.42

Catadores (waste pickers)
There are approximately 1 million catadores working in Brazil. In
2012, these workers collected about 72% of all the recyclables collected in the country. Catadores collect dry recyclables around cities
using carts. Unlike most waste pickers around the world, catadores have organized to form cooperatives. These cooperatives sort
recyclables in warehouses subsidized by local authorities or private
companies. After recyclables have been sorted, they are sold to
recyclers or waste management companies. Profits from these sales
are split among the catadores.
The Brazilian government legally recognizes the catadores and
their cooperatives. This model has been so successful that other
countries in South America have replicated it.43

Positive Progress
In 2007, the federal government approved the National Policy on
Basic Sanitation. This legislation includes some rules about waste
management and water, sewage, and drainage services. The plan
provides the public administration with a blueprint for dealing with
and delivering waste management services.
As municipalities begin to understand the risks associated with
untreated waste in open dumps and acquire sufficient funding,
open dumps are being closed or converted to landfills.44
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60% ORGANIC

15% PAPER
15% PLASTIC
5% OTHER
3% GLASS
2% METAL
Other waste includes household and
consumer items such as: dirt from sweeping
or vacuuming, ceramics, clothing, leather,
rubber, packaging materials, and bulky
household items (e.g., sofas, refrigerators,
toilets, mattresses, toasters, etc.).
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Municipal Solid Waste Profile: Finland,
Overview
On average, each Finn produces about 4.7 pounds of MSW every
day; by 2025 this is expected to decrease to 4.6 pounds per day.51
The vast majority of Finnish waste winds up in landfills. A landfill
is a place where garbage is buried; a typical landfill is lined with
plastic to protect the surrounding soil and groundwater, and new
garbage is covered with soil each day.
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SWEDEN

FINLAND

Let’s explore some of the MSW issues in Finland.

RUSSIA

Organic Waste
Organic waste includes food (e.g., fruit, vegetables, dairy, meat,
fish, and grains) and horticultural waste (e.g., grass clippings and
tree branches). In 2009, 891,770 tons of organic waste were landfilled.52 This landfilled organic waste produces lots of methane, a
greenhouse gas.

Electronic Waste (e-waste)
Electronic products that have become unwanted, non-working,
or obsolete are known as electronic waste or e-waste. In 2012,
Finland produced 129,544 tons of e-waste (47.7 pounds per
person).53 Recycling electronic items is critical to preserve landfill
space and ensure that hazardous materials contained in electronics
are properly disposed.
Like many other countries around the world, Finland does
not have a comprehensive electronic recycling program. E-waste
is frequently shipped to poorer nations where it is dismantled by
unprotected workers. Those who are exposed to e-waste toxins can
experience headaches, irritability, nausea, vomiting, and eye pain.
Workers have also reported suffering from liver, kidney, and neurological disorders.

Other Issues

Income Level
HIGH 60

MSW

per capita

1,715.5 pounds/year 61

Total MSW

2.828 million tons/year 62

Collection Coverage
100% 63

Recycling Rate
34.8% 64

Recycling

Through the Waste Framework Directive, the European Union
(EU) requires all member countries to recycle at least 50% of their
MSW by 2020.54 In recent years, Finland has experienced a stagnation or slight decrease in recycling rates, in contrast to trends of
increasing recycling in almost every other country in the EU.55
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Improper Disposal
0% 65
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Municipal Solid Waste Profile: Finland,
Population Density
Finland’s large size and sparse population make MSW collection
and transport expensive.
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Incinerators
In 2010, 1.2 million tons of waste were landfilled. This was a
decrease from the amount of waste sent to landfills from 2001 to
2009, and was caused mainly by an increase in the amount of waste
incinerated. An incinerator is a facility in which waste is burned.
Burning trash releases toxic chemicals, including dioxins that
can cause reproductive and developmental problems, damage the
immune system, interfere with hormones, and cause cancer.56
From 2001 to 2010, Finland’s total incinerated MSW increased
from 9 to 22%.57 Some incinerators, known as waste-to-energy
plants, convert MSW into heat and power. These incinerators
reduce the country’s use of coal, the amount of CO2 emissions, and
the amount of mixed waste ending up in landfills.58

Positive Progress
Finland’s bottle deposit-refund system is simple and effective.
When purchasing canned or bottled drinks, the customer pays a
price that includes a 10-40¢ deposit. This deposit is returned to the
customer when the empty cans and bottles are returned to a store’s
reverse vending machine.
This incentive has lead to a return rate of more than 90%. In
2012 alone, enough cans were recycled in Finland to wrap around
Earth more than three times.59
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40% PAPER

33% ORGANIC
10% PLASTIC
7% OTHER
5% METAL
5% GLASS
Other waste includes household and
consumer items such as: dirt from sweeping
or vacuuming, ceramics, clothing, leather,
rubber, packaging materials, and bulky
household items (e.g., sofas, refrigerators,
toilets, mattresses, toasters, etc.).
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Municipal Solid Waste Profile: India,
Overview
On average, each Indian produces about 0.75 pounds of MSW
every day; by 2025 this is expected to double to 1.5 pounds
per day.67 The vast majority of Indian waste winds up in open
dumps.68 An open dump is an uncovered and unlined site where
garbage is collected. Leachate, a liquid formed by decomposing waste, soaks into the soil and groundwater. These dumps are
a source of land, water, and air pollution, and often cause public
health hazards.
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Let’s explore some of the MSW issues in India.

Organic Waste
Organic waste includes food (e.g., fruit, vegetables, dairy, meat,
fish, and grains) and horticultural waste (e.g., grass clippings and
tree branches). Nearly 35% of India’s waste comes from organic
matter.69 Organic waste can cause major hygienic and environmental problems within Indian cities and dumps, where waste is
often left uncovered. Organic waste contained in open dumps can
attract disease-spreading animals such as flies, cockroaches, rats,
vultures, and stray dogs.

Electronic Waste (e-waste)
India’s IT expertise attracts lots of global business, but it also
generates a lot of electronic waste. Electronic products that have
become unwanted, non-working, or obsolete are known as electronic waste or e-waste. In 2012, over 3 million tons of e-waste
were generated (5 pounds per person).70 Recycling electronic
items is critical to preserve landfill space and ensure that hazardous
materials contained in electronics are properly disposed of. Due
to poor infrastructure and legislation, only 4% of India’s e-waste is
recycled.71 The remaining waste is often disposed of with regular
household waste and is handled by untrained, unprotected waste
collectors or scavenged by children working in dangerous conditions. Frequently, e-waste is burned, emitting lead, mercury, and
over 1,000 other toxins.72
Acids are used to extract precious metals from e-waste. What
cannot be extracted is often dumped into unprotected sites, letting pollutants seep into groundwater.73 People who are exposed
to e-waste toxins can experience headaches, irritability, nausea,
vomiting, and eye pain. Workers have reported suffering from liver,
kidney, and neurological disorders.74
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Income Level

LOWER MIDDLE 80

MSW

per capita

273.6 pounds/year 81

Total MSW

44.092 million tons/year 82

Collection Coverage
51.1% 83

Improper Disposal
85% 84
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Uncollected Waste

Uncollected waste is a huge problem in both urban (>30% uncollected)75 and rural (>50% uncollected)76 areas of India. Uncollected
waste accumulates on the streets, in public spaces, and on vacant
lots, sometimes creating illegal open dumps. Residents also throw
garbage in nearby streams or burn it.

Ragpickers (waste pickers)
Working for about 100-150 rupees per day ($1.60-2.50), ragpickers sort through MSW and take easily recyclable materials such as
glass, metal, and plastic to kabadiwalas (junk shops).
Ragpickers, some of whom are children, often work in the
decaying garbage without protective clothing or footwear in temperatures that can reach 110°F. They are exposed to medical and
chemical waste and to noxious fumes. Because of these working
conditions, it is common for ragpickers to develop worms, respiratory problems, and a host of other illnesses.
Ragpickers are an important link in the management of MSW
in India. In New Delhi alone, there are 150,000 ragpickers who
manage and recycle 20% of the city’s waste.77 Even though they
earn so little, it is estimated that ragpickers save the city government 600,000 rupees (about $10,000) every day by reducing the
amount of MSW it must manage.78

Positive Progress
In major cities, a movement has emerged to protect ragpickers
from the hazards of their job. In New Delhi, the government has
begun equipping workers with protective gloves and clothing and
giving them health and safety training.79

1 What a Waste!

31

59% OTHER

35% ORGANIC
3% PAPER
2% PLASTIC
1% GLASS
Other waste includes household and
consumer items such as: dirt from sweeping
or vacuuming, ceramics, clothing, leather,
rubber, packaging materials, and bulky
household items (e.g., sofas, refrigerators,
toilets, mattresses, toasters, etc.).
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Fast Facts

On average, each American produces about 5.7 pounds of MSW
every day.86 This is expected to decrease slightly to 5.1 pounds by
2025.87 The vast majority of U.S. waste winds up in landfills. A
landfill is a place where garbage is buried; a typical landfill is lined
with plastic to protect the surrounding soil and groundwater, and
new garbage is covered with soil each day.
Let’s explore some of the MSW issues in the United States.

Organic Waste
Organic waste includes food (e.g., fruit, vegetables, dairy, meat,
fish, and grains) and horticultural waste (e.g., grass clippings and
tree branches). Today, 40% of food in the United States goes
uneaten.88 This not only means that Americans are throwing out
the equivalent of $165 billion each year, but also that the uneaten
food ends up rotting in landfills as one of the largest components
of U.S. municipal solid waste.89 This waste accounts for a large
portion of the country’s emissions of methane, a greenhouse gas.

Electronic Waste (e-waste)
Electronic products that have become unwanted, non-working,
or obsolete are known as electronic waste or e-waste. Consumer
electronics—including TVs and other video equipment, computers, assorted computer accessories, audio equipment, and phones—
comprise approximately 1-2% of the MSW stream.90 E-waste is
growing exponentially, especially since electronics are discarded so
readily. Televisions are used on average for less than two years and
computers are used for three years.91 In 2012, the United States
produced 10.3 million tons of e-waste (65.7 pounds per person)!92
Often recycling facilities for e-waste are not available or
companies ship materials overseas where the toxic materials are
dismantled under dangerous working conditions, sometimes even
by children. There have not been any rigorous studies of how
much e-waste is exported, but industry experts estimate that of
the e-waste collected by electronics recyclers, 50-80% winds up in
developing nations.93 People who are exposed to e-waste toxins
can experience headaches, irritability, nausea, vomiting, and eye
pain. Workers have reported suffering from liver, kidney, and neurological disorders.94
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Income Level
HIGH 99

MSW

per capita

2,076.1 pounds/year 100

Total MSW

251.344 million tons/year 101

Collection Coverage
100% 102

Recycling Rate
23.8% 103

Improper Disposal
0% 104
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Paper and Cardboard Recycling95

Even though 87% of Americans have access to paper recycling
programs, only 63.5% of paper was recycled in 2010. The amount
of paper sent to landfills in 2010 would cover 26,700 football fields
in paper three feet deep.

Recycling96
Even though the vast majority of Americans have access to curbside and drop-off recycling, the MSW recycling rate is only 23.8%.
If all the recyclable materials in the MSW stream were recycled,
they would generate over $7 billion every year.

34% PAPER

Positive Progress
There are currently 25 states with electronics recycling laws that
require electronics manufacturers to bear the cost of recycling or
disposing of items at the end of their useful lives.97
Between 1990 and 2010, the total amount of MSW going to
landfills dropped by almost 10 million tons, from 145.3 million to
135.5 million tons.99

25% ORGANIC
16% OTHER
12% PLASTIC
8% METAL
5% GLASS
Other waste includes household and
consumer items such as: dirt from sweeping
or vacuuming, ceramics, clothing, leather,
rubber, packaging materials, and bulky
household items (e.g., sofas, refrigerators,
toilets, mattresses, toasters, etc.).
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Name

Date

Period

Municipal Solid Waste Jigsaw
Directions: Use the table below to record information about waste as it relates to society, the
economy, and the environment for your assigned country. Then consider what sustainable waste
solutions may be appropriate to address your assigned country’s waste issues. As you learn about
other countries from your group members, complete the rest of the table.
Social Issues

Economic Issues

Environmental
Issues

Sustainable
Solutions

Algeria
Income Level:

Brazil
Income Level:

India
Income Level:

Finland
Income Level:

United States
Income Level:
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Lesson
U.S. EPA

Superfund Sites
A slideshow activity challenges

students to determine connections among municipal
solid waste, hazardous waste, toxic waste, and nuclear
waste. The class reads a passage about the Love
Canal tragedy and learns how this incident helped
create the Comprehensive Environmental Response,
Compensation, and Liability Act, commonly known
as Superfund. Through an Internet scavenger hunt,
students locate and research different Superfund sites
including the biggest Superfund site in the United
States—the Hanford Nuclear Reservation.

SAVANNAH RIVER SITE | FLICKR.COM

Objectives
Students will:
• Compare and contrast municipal solid waste,
hazardous waste, toxic waste, and nuclear
waste.
• Summarize the Love Canal tragedy.
• Research key information about a Superfund
site and the Hanford Nuclear Reservation.
• Understand some of the complex challenges
associated with Superfund sites.

•

Inquiry/Critical Thinking Questions

•

• How do different types of waste compare?
• How did the Love Canal tragedy influence
environmental regulations?
• What is a Superfund site?
• How far-reaching are the effects of Superfund sites?

•

Time Required
Activity 1: 50 minutes
Activity 2: 50 minutes

Key Concepts
• Comprehensive Environmental Response,
Compensation, and Liability Act (CERCLA)—This law, enacted by the U.S.
Congress on December 11, 1980, created the
Superfund program. Specifically, CERCLA
(1) established prohibitions and requirements concerning closed and abandoned
hazardous waste sites, (2) provided for

2 Superfund Sites
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•

•

liability of persons responsible for releases
of hazardous waste at these sites, and
(3) established a trust fund to provide for
cleanup when no responsible party could
be identified.
hazardous waste—Byproducts of society or
waste materials of manufacturing that have
some dangerous property; generally categorized as corrosive, ignitable, toxic, reactive,
or in some way harmful to people or the
environment.
municipal solid waste (MSW)—The everyday items we use and then throw away, such
as packaging, food scraps, grass clippings,
sofas, computers, tires, and refrigerators.
MSW does not include industrial, hazardous, or construction waste.
nuclear waste—Radioactive material generated from nuclear weapons and the operation of nuclear power stations. Low-level
waste can be disposed of relatively easily
but highly radioactive material requires very
costly methods of storage that, because of
the long half-life of some waste, must last for
thousands of years.
Superfund site—A hazardous waste site
that may threaten local ecosystems or
human health and has been placed by the
U.S. Environmental Protection Agency on
the National Priorities List of polluted sites
requiring cleanup.
toxic waste—Waste that is harmful or fatal
when ingested, inhaled, or absorbed.
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Supporting Vocabulary

U.S. Standards Correlation

These definitions are provided to help expand
class discussions and provide additional background information for you and your class. Not
all of these vocabulary words are used explicitly
in this lesson.
• National Priorities List (NPL)—The U.S.
Environmental Protection Agency’s list of
the most serious uncontrolled or abandoned
hazardous waste sites identified for possible long-term remedial action under the
Superfund program. The NPL, which EPA
is required to update at least once a year, is
based primarily on the score a site receives
from EPA’s Hazard Ranking System. A site
must be on the NPL to receive money from
the Superfund trust fund for remedial action.
• Resource Conservation and Recovery Act
(RCRA)—RCRA is a federal law enacted
in 1976 that established a regulatory system
to track hazardous substances from their
generation to their disposal. The law requires
the use of safe and secure procedures in
treating, transporting, storing, and disposing
of hazardous substances. RCRA is designed
to prevent the creation of new, uncontrolled
hazardous waste sites.
• Superfund trust fund—A public trust fund
created with passage of the Comprehensive
Environmental Response, Compensation,
and Liability Act in 1980 to be used to help
pay for the cleanup of abandoned hazardous
waste sites.

• State and national standards: Visit our
Standards Correlation Tool at

2 Superfund Sites

www.facingthefuture.org/CurriculaFreeUnits/StandardsCorrelations

Materials/Preparation
Activity 1
Slideshow: What’s the Connection?, displayed
via PowerPoint or an overhead projector

Display copy: Waste Categorization
Handout: The Love Canal Tragedy, 1 per
student as a handout or 1 as a display copy

Activity 2
Handout: Superfund Sites, 1 per student

Internet-connected devices, 1 per student
or small group

Background Information
for Educators
Hazardous wastes are byproducts of society
or waste materials of manufacturing that have
some dangerous property; generally categorized as corrosive, ignitable, toxic, or reactive, or
in some way harmful to people or the environment. This type of waste is primarily generated by industries, but can also be produced by
residences that use household cleaners, paints,
pesticides, and other products containing
dangerous chemicals. Throughout much
of the United States’ history, the disposal of
these chemicals was not regulated. Companies
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previously dumped wastes directly into the
ground or waterways near sites where they
were generated or hired transporters to move
the wastes off-site.1 Many of these companies did not record the types of waste they
produced or make an effort to contain these
wastes, creating serious problems for future
generations.2
Environmental regulation of waste began
to change drastically in 1980 in response to
what is now referred to as the Love Canal
tragedy. In 1978, it became clear that chemicals
from the Hooker Chemical Company’s dump
were seeping into homes near the Love Canal
neighborhood in Niagara Falls, New York.
Even after chemicals at the site were identified and known to cause severe health effects
such as liver damage, hepatitis, leukemia, and
cardiac arrest, residents had to battle with the
state and federal government for months to be
relocated away from the site.3 Unfortunately,
the Love Canal tragedy was not an isolated
incident—throughout the 1960s and 70s, many
hazardous waste sites were uncovered around
the United States.
In response to the discovery of these
hazardous waste sites, the Comprehensive
Environmental Response, Compensation, and
Liability Act of 1980 (CERCLA), commonly
known as the Superfund program, was enacted.
The Superfund program established prohibitions and requirements concerning closed and
abandoned hazardous waste sites; provided for
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liability of persons responsible for releases of
hazardous waste at these sites; and established
a trust fund to provide for cleanup when no
responsible party could be identified. Today,
nearly 2,000 Superfund sites are located all
over the United States—and about 11 million
Americans, including 3-4 million children, live
within one mile of a Superfund site.4
One of the biggest Superfund sites in the
United States, the Hanford Nuclear Reservation, is located in Washington State near the
Columbia River. The nearly 55 million tons of
radioactive waste remaining at this site are a
legacy of nuclear weapons production during
World War II and the Cold War.5 Hanford’s
operations and improper waste storage resulted
in the contamination of nearby soil and
groundwater with radioactive waste. Cleanup
of this site began in 1989 and will continue
until 2060 or beyond. Even after the environmental contamination around Hanford is
cleaned up, the site will still face the challenge
of safely storing its radioactive waste for the
next 10,000 years.6 The history of Love Canal
and the Hanford Nuclear Reservation are
engaging case studies through which students
can learn about hazardous waste pollution,
the history behind significant environmental
legislation, and the importance of proper waste
disposal.
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Activity 1
Introduction
1. Ask students to name some types of waste
that cannot go into household garbage.
(Answers may include batteries, tires,
electronics, syringes, pesticides, etc.)
2. Ask students to describe why this waste
cannot be thrown out with household
waste. (When buried in a landfill, some types
of waste might leach into the environment
and contaminate air, water, and/or soil.)
3. Tell students that you are going to show
a series of photos and will ask them to
determine similarities and differences
between the photos.
4. Write the following questions on the board:
• What does this photo show?
• What does it not show?
• How does this photo compare to the
others?
• What is the perspective of the photographer?
5. Show the photos from the slideshow
What’s the Connection? by PowerPoint or
document camera, slowly enough that
students can consider the questions on the
board for each photo.
		Option: Instead of projecting the photos,
print a set of photos for individuals or
small groups.
6. Give students a minute to think about how
these pictures compare.

2 Superfund Sites

7. Invite volunteers to share their answers.
Make sure that students have determined
that each photo shows a picture of waste.
8. Show the photos a second time and reveal
what kinds of waste each photo represents
from the list below.
• Photo 1: Hazardous liquid waste
• Photo 2: Discharge from the Formosa
Mine in Riddle, Oregon
• Photo 3: Municipal solid waste
• Photo 4: Nuclear waste being excavated
from the Hanford Nuclear Reservation
• Photo 5: Nuclear waste
• Photo 6: A worker packaging nuclear
waste
• Photo 7: Discharge from the Smuggler
Mine in Aspen, Colorado
• Photo 8: Low level nuclear waste from
the Hanford Nuclear Reservation
• Photo 9: e-waste (electronic waste)
• Photo 10: Waste sludges containing acid,
salts, and hydraulic oils from Lawrence
Aviation Industries
• Photo 11: Household hazardous waste
collection
9. While you are showing the photos, ask
students to think about the following
questions:
• What elements might be in common
among the photos?
• What elements might be different
among the photos?
39
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• Superfund site—A hazardous waste
site that may threaten local ecosystems
or human health and has been placed
by the U.S. Environmental Protection
Agency on the National Priorities List of
polluted sites requiring cleanup.
Note: Superfund sites are a U.S. designation. For non-U.S. locations, you may
want to use your local vocabulary.

8. Conclude this activity with the following
discussion questions.

Discussion Questions
1. How are MSW, hazardous waste, toxic
waste, and nuclear waste similar? How are
they different?
2. Why might toxic or hazardous wastes
require different types of management?

3. What most surprised you about the story
of Love Canal?
4. How does the Love Canal tragedy still
impact society today?

5. How might the Love Canal tragedy have
affected long-distance communities?
6. What can we learn from the history of
Love Canal?

7. Who should be responsible for protecting
societies from hazardous and toxic waste?
Who should be responsible for protecting
the environment?

Activity 2
Introduction
1. Ask students if anyone knows of any other
Superfund sites, besides Love Canal.

2. Tell students that there are many
Superfund sites in every state in the United
States. About 11 million Americans,
including 3-4 million children, live within
1 mile of a Superfund site.7
3. Ask students to imagine possible impacts
of living near a Superfund site.

		Option: Share with students that a 1995
audit of 225 Superfund sites found that
20 sites (8.9%) posed cancer risks; 21
sites (9.3%) posed risks for noncancerous
conditions, such as birth defects or nerve
or liver damage; and 30 sites (13.3%)
posed risks for both cancer and other,
noncancerous conditions.8

Steps
1. Share with students that today they will
conduct research to learn more about other
Superfund sites.
2. Give each student or small group a copy of
the handout Superfund Sites and review the
directions.
3. Assign each student or small group a
different U.S. state. Do not assign any
student or small group Washington State.
4. Tell students they will have 25 minutes to
complete the worksheet.
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5. While students are working, draw the table
at the bottom of this page on the board:
6. Give students or small groups 2-3 minutes
to present their findings. Let students
know that you will call on members of the
audience after each presentation to fill out
the table on the board.
7. As a class, add up the total number of
Superfund sites.
8. Have the class examine the table on
the board. Ask students to answer the
following questions:

• Does the total number of Superfund
sites surprise you? Why or why not?

• Does one state have significantly more or
fewer Superfund sites than others? Why
might this discrepancy have occurred?
• Why might it be important to note the
population near a Superfund site?

9. Ask students the following questions about
the Hanford Nuclear Reservation:
• What kind of waste is contained at the
Hanford Nuclear Reservation?

• Why is this waste especially dangerous?
• What did you learn about the biggest
Superfund site in the United States?

State
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Number of
Chosen Site
Superfund Sites
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Lesson Extensions

Writing Extension
Ten years after the Love Canal tragedy, New
Art Extension
York State Health Department Commissioner
Some types of high-level nuclear waste can
David Axelrod stated that Love Canal would
remain hazardous for up to 100,000 years.
long be remembered as a “national symbol of a
How do you warn people in the future about
a sense of concern for future
the hazards of nuclear waste repositories, when failure to exercise
9
they may no longer speak our languages? Ask generations.” Is Love Canal still remembered?
As a society, have we learned anything from
students to design a sign for a nuclear waste
repository that will communicate that the site this tragedy? Ask students to write an essay
in which they explain how Love Canal has or
is dangerous, hazardous to human and environmental health, and should not be disturbed. has not altered the environmental movement
in the United States. If students agree that this
For further exploration, have students view
tragedy has positively altered the environmensamples of ancient hieroglyphics or petrotal movement, they should cite laws or behavglyphs and guess what the ancient cultures
were trying to communicate. www.slate.com/ ior changes that indicate that the government
blogs/the_eye/2014/05/14/_99_percent_invis- and citizens have learned from the history of
the Love Canal tragedy. If students disagree,
ible_by_roman_mars_designing_warning_
they should cite examples that indicate that the
symbols_for_the_nation.html
government and citizens have not learned from
the history of Love Canal or changed their
Environmental Science Extension
behaviors.
Superfund sites are commonly cleaned up
using one or more of the following methods:
air stripping, capping, precipitation, excavation, and incineration. Have students research
the pros and cons of each of these methods.
Students could also research the availability
of more effective or more environmentally
friendly methods. Students can begin their
research at www.epa.gov/superfund/students/
clas_act/haz-ed/ff_08.htm.
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Service Learning Ideas

Additional Resources

Hazardous Waste
Household products that contain corrosive,
toxic, ignitable, or reactive ingredients are
considered to be household hazardous waste.
Homeowners who do not understand the
dangers of household hazardous waste or do
not have access to proper household hazardous waste disposal facilities sometimes pour
chemicals down the drain, on the ground, into
storm sewers, or put them out with municipal
solid waste. Have students research proper
waste disposal facilities and collection days in
your community. Students can create literature
or a Public Service Announcement to educate
the public about the hazards of improper waste
disposal and how to properly dispose of this
waste.

Art
• Superfund Art Project
The Superfund Art Project aims to use
all forms of art to express the science and
emotions associated with a toxic Superfund
site. Through exhibits and performances
the project educates and engages the community in the healing, redevelopment, and
remembrance of the Koppers Superfund site
in Florida. http://protectgainesville.org/sap/

Superfund Status
Know a hazardous site near your school or
home? Have students identify a potentially
hazardous site in their communities. Once a
site has been identified, have students determine whether or not the site is eligible for
Superfund status by reading the Preliminary
Assessment Petition guidelines. If it is eligible,
have them complete the Preliminary Assessment Petition and submit it to your region’s
Environmental Protection Agency.

http://cironline.org/reports/cleanup-siliconvalley-superfund-site-takes-environmentaltoll-6149

superfund-art-project

Articles
• Cleanup of Silicon Valley Superfund site takes
environmental toll
This article examines how toxic waste from
Superfund sites is shipped, treated, and
burned across the United States.

• Times Topics: Superfund
An archive of all New York Times articles
about Superfund sites. http://topics.nytimes.
com/top/reference/timestopics/subjects/s/
superfund/index.html

www.epa.gov/superfund/programs/npl_hrs/
papetition_oct02.pdf
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• Who’s Going To Buy Property Next To A
Superfund Site?
This article reveals how a neighborhood in
North Carolina came to be built next door
to what is now a Superfund site.
www.huffingtonpost.com/2014/12/29/
superfund-site_n_6388818.html

Books
• An American River: From Paradise to
Superfund, Afloat on New Jersey’s Passaic
In this 320-page book, author and New
Jersey native Mary Bruno kayaks the
length of the Passaic River, which ends in a
Superfund site, in an effort to discover what
happened to her hometown river.
• Cleaning Up the Environment: Hazardous
Waste Technology
This 226-page book from Anne Maczulak
explores current and emerging methods in
pollution cleanup using different physical,
chemical, and biological methods. It also
includes case studies, costs, and laws related
to the Superfund program.
• Love Canal: and the Birth of the Environmental Health Movement
This 248-page books explores how how Lois
Gibbs, a new mother, helped start a national
movement to clean up Love Canal. Lois’
efforts helped energize the modern environmental health and justice movement in the
United States.

Curriculum
• Superfund for Students and Teachers
This website from the U.S. Environmental
Protection Agency includes educational
resources for grades 2-12. It includes several
activities, environmental cleanup videos, and
a participatory program in which classrooms
collect data for the EPA.
www.epa.gov/oerrpage/superfund/
students/clas_act

Maps
• Hanford Reach Interactive Map
This map from the Washington Nuclear
Museum and Education Center displays the
global reach and impact of Hanford—from
the source of building materials used in
the construction of the facility to the final
destination of plutonium that was produced
at Hanford to radioactive waste that was sent
to Hanford to be stored. www.toxipedia.org/
display/wanmec/Impacts+of+Hanford

• Scorecard Pollution Locator for Superfund
Sites
This map displays all of the Superfund sites
in the United States. Users can search for
sites by state or county and find information about: the number of sites being studied
and undergoing cleanup; the number of sites
with contaminated or threatened drinking
water sources; the most common contaminants at sites in the region; and the region’s
ranking compared to national averages.
http://scorecard.goodguide.com/
env-releases/land/
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Reports
• Love Canal: Public Health Time Bomb
This report was published in 1978 by the
New York State Department of Health for
the governor and legislature of New York. It
outlines Love Canal’s history, environmental
sampling methods and results, the relocation of residents, and the state’s cleanup plan.
www.health.ny.gov/environmental/
investigations/love_canal/lctimbmb.pdf

• Superfund: EPA’s Estimated Costs to Remediate Existing Sites Exceed Current Funding
Levels, and More Sites Are Expected to Be
Added to the National Priorities List
This 1995 Government Accountability
Office report examines the extent to which
Superfund sites may pose health risks under
varying land uses, the nature of these risks,
and the types of environmental media (e.g.,
groundwater, soil, or air) that pose these
risks. www.gao.gov/assets/310/304124.pdf

• Waste & Cleanup
This series of videos from the U.S. Environmental Protection Agency illustrates different Superfund cleanups around the United
States. www.youtube.com/playlist?list=PLBh
fkkujnoRB2PvrRV62NddNY4pdtxZNC

Websites
• Superfund 365: A Site-A-Day
This website profiled 365 Superfund sites
over the course of one year and includes the
address, hazardous ranking score, cleanup
costs, and demographics of the neighboring
area. http://superfund365.org
• Superfund Success Stories
This website provides case studies of Superfund sites that have been remediated and
delisted from the National Priorities List.
www.epa.gov/superfund/accomp/success/
thumbs4.htm

Videos
• Love Canal: A Legacy of Doubt
This 12-minute video from Retro Report
highlights newscasts from more than 2
decades, U.S. Environmental Protection
Agency reports, and historical and presentday accounts from residents living near
the Love Canal site. www.retroreport.org/
video/love-canal-a-legacy-of-doubt/
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M U N I C I PA L S O L I D WA ST E ( M S W )

HA Z A R D O U S WA ST E

The everyday items we use and then throw
away, such as packaging, food scraps, grass
clippings, sofas, computers, tires, and refrigerators. MSW does not include industrial,
hazardous, or construction waste.

Byproducts of society or waste materials
of manufacturing that have some dangerous
property; generally categorized as corrosive,
ignitable, toxic, reactive, or in some way
harmful to people or the environment.

TO X I C WA ST E

N U C L E A R WA ST E

Waste that is harmful or fatal when
ingested, inhaled, or absorbed.

Radioactive material generated from nuclear
weapons and the operation of nuclear power
stations. Low-level waste can be disposed of
relatively easily but highly radioactive material
requires very costly methods of storage that,
because of the long half-life of some waste,
must last for thousands of years.
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CLOCKWISE FROM TOP LEFT: DANIELLE SCOTT, U.S. EPA, U.S. DOE, U.S. EPA

Waste Categorization

The Love Canal Tragedy
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2 Superfund Sites

50

© FACING THE FUTURE www.facingthefuture.org

2 Superfund Sites

51

© FACING THE FUTURE www.facingthefuture.org

2 Superfund Sites

52

© FACING THE FUTURE www.facingthefuture.org

2 Superfund Sites

53

© FACING THE FUTURE www.facingthefuture.org

Name

Date

Superfund Sites,

Period

page 1

Assigned state: _________________________________________________________________________________
Guess how many Superfund sites are in your assigned state: _______________________________________
Part I. Research Your Assigned State
Directions: To answer the questions below, visit www.nationalgeographic.com/superfund.
1. How many Superfund sites are in your state?
		_____________________________________________________________________________________________________________
2. Where are the greatest number of Superfund sites concentrated (nearest city)?
		_____________________________________________________________________________________________________________
3. What is the name of one active or proposed Superfund site near this city?
		_____________________________________________________________________________________________________________
		_____________________________________________________________________________________________________________
Part II. Research a Superfund Site
Directions: To answer the questions below, use an Internet search.
1. Before this place became a Superfund site, what was it?
		_____________________________________________________________________________________________________________
		_____________________________________________________________________________________________________________
		_____________________________________________________________________________________________________________
2. What types of waste are being cleaned up at this site? How are they being cleaned up?
		_____________________________________________________________________________________________________________
		_____________________________________________________________________________________________________________
		_____________________________________________________________________________________________________________
3. What is the biggest environmental problem and/or the biggest human health problem at this site?
		_____________________________________________________________________________________________________________
		_____________________________________________________________________________________________________________
		_____________________________________________________________________________________________________________
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4. What is the population of the town or city where this Superfund site is located?
		_____________________________________________________________________________________________________________
		_____________________________________________________________________________________________________________
		_____________________________________________________________________________________________________________
Part III. Research Background Information about Hanford
Directions: The Hanford Nuclear Reservation (Hanford) in Washington State is one of the biggest
Superfund sites in the United States. To answer the questions below, use an Internet search.
1. Before Hanford became a Superfund site, what was it?
		_____________________________________________________________________________________________________________
		_____________________________________________________________________________________________________________
		_____________________________________________________________________________________________________________
		_____________________________________________________________________________________________________________
2. What kind of waste is contained at Hanford?
		_____________________________________________________________________________________________________________
		_____________________________________________________________________________________________________________
		_____________________________________________________________________________________________________________
		_____________________________________________________________________________________________________________
3. Why is this waste especially dangerous?
		_____________________________________________________________________________________________________________
		_____________________________________________________________________________________________________________
		_____________________________________________________________________________________________________________
		_____________________________________________________________________________________________________________
4. How many people live in the nearest residential city, Tri-Cities, Washington?
		_____________________________________________________________________________________________________________
		_____________________________________________________________________________________________________________
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Part IV. Research Detailed Information about Hanford
Directions: To answer the questions below, visit http://goo.gl/maps/O33kw and read at least 5 of
the summaries under the heading “Hanford’s Impact on the Pacific Northwest.”
1. How has the environment been impacted by Hanford?
		_____________________________________________________________________________________________________________
		_____________________________________________________________________________________________________________
		_____________________________________________________________________________________________________________
		_____________________________________________________________________________________________________________
		_____________________________________________________________________________________________________________
2. How might the environmental impacts of Hanford affect people?
		_____________________________________________________________________________________________________________
		_____________________________________________________________________________________________________________
		_____________________________________________________________________________________________________________
		_____________________________________________________________________________________________________________
		_____________________________________________________________________________________________________________
3. What do you notice about the geographic area affected by Hanford?
		_____________________________________________________________________________________________________________
		_____________________________________________________________________________________________________________
		_____________________________________________________________________________________________________________
		_____________________________________________________________________________________________________________
		_____________________________________________________________________________________________________________
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Lesson
LINH DO | FLICKR.COM

Polluter Pays?
Students e xamine ways that the polluter pays

principle can apply to environmental liability and
the controversial Superfund trust fund tax. After
reading a scenario in which a polluting company
declares bankruptcy, students discuss options for
financing the cleanup of the pollution left behind.
During a sides debate, students must defend
their support of or opposition to reinstating the
Superfund trust fund tax.

LINH DO | FLICKR.COM

Objectives

Key Concepts

Students will:
• Apply the concept of liability to personal and
commercial settings.
• Understand the challenges associated with
assessing who is liable for a Superfund site.
• Formulate and justify their opinions about
the Superfund trust fund tax.
• Suggest improvements or alternatives to the
Superfund trust fund tax.

• Comprehensive Environmental Response,
Compensation, and Liability Act
(CERCLA)—This law, enacted by Congress
on December 11, 1980, created the Superfund program. Specifically, CERCLA (1)
established prohibitions and requirements
concerning closed and abandoned hazardous waste sites, (2) provided for liability of
persons responsible for releases of hazardous waste at these sites, and (3) established
a trust fund to provide for cleanup when no
responsible party could be identified.
• liability—The state of being legally responsible for something.
• polluter pays principle—The principle that
states that the costs of pollution should be
borne by those who cause it.
• Superfund site—A hazardous waste site
that may threaten local ecosystems or
human health and has been placed by the
U.S. Environmental Protection Agency on
the National Priorities List of polluted sites
requiring cleanup.
• Superfund trust fund—A public trust fund
created with passage of the Comprehensive
Environmental Response, Compensation,
and Liability Act (CERCLA) in 1980 to be
used to help pay for the cleanup of abandoned hazardous waste sites.
• taxpayer—A member of a country’s workforce who pays for government projects
through taxation.

Inquiry/Critical Thinking Questions
• Who is responsible for the cleanup of Superfund sites?
• What should happen if a polluter cannot pay
to clean up their pollution?
• Does the Superfund trust fund tax accurately
represent the polluter pays principle?
• What are the roles and responsibilities of
consumers that patronize companies that
pollute?
• What is the role and responsibility of society
in the cleanup of pollution?

Time Required
50 minutes

3 Polluter Pays?
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Supporting Vocabulary
These definitions are provided to help expand
class discussions and provide additional background information for you and your class. Not
all of these vocabulary words are used explicitly
in this lesson.
• legacy pollutants—Chemicals, often used
or produced by industry, which remain in the
environment long after they were first introduced. Oftentimes, these chemicals were not
recognized as harmful when they were first
used.
• National Priorities List (NPL)—The U.S.
Environmental Protection Agency’s list of
the most serious uncontrolled or abandoned
hazardous waste sites identified for possible long-term remedial action under the
Superfund program. The NPL, which EPA
is required to update at least once a year, is
based primarily on the score a site receives
from EPA’s Hazard Ranking System. A site
must be on the NPL to receive money from
the Superfund trust fund for remedial action.
• orphan share—The shares of hazardous
waste that are attributable to potentially
responsible parties who cannot be identified,
cannot be located, or are insolvent.
• orphan site—A toxic waste area where the
polluter could not be identified or the polluter refused to take action or pay for the
cleanup.

3 Polluter Pays?

• potentially responsible party—An individual or company (e.g., an owner, operator,
transporter, or generator of hazardous waste)
that is potentially responsible for the contamination problems at a hazardous waste
site. Whenever possible, the EPA requires
potentially responsible parties to clean up
sites they have contaminated.
• Resource Conservation and Recovery Act
(RCRA)—A federal law enacted in 1976
that established a regulatory system to track
hazardous substances from their generation
to their disposal. The law requires the use of
safe and secure procedures in treating, transporting, storing, and disposing of hazardous
substances. RCRA is designed to prevent
the creation of new, uncontrolled hazardous
waste sites.
• trust fund—Money that belongs to one
person or organization but is legally held or
managed by another person or organization.

U.S. Standards Correlation
• State and national standards: Visit our
Standards Correlation Tool at
www.facingthefuture.org/CurriculaFreeUnits/StandardsCorrelations

Materials/Preparation
Display copy: ASARCO Scenario
Post signs that say “Support” and “Oppose”
on opposite sides of the room
Display copy: Debate: Superfund Trust
Fund Tax
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Background Information
for Educators
On December 11, 1980, the U.S. Congress
reacted to growing public concern over the
environmental and health risks posed by hazardous waste sites by enacting Comprehensive
Environmental Response, Compensation, and
Liability Act (CERCLA). Public concerns
were prompted by a number of abandoned
chemical and hazardous waste sites that were
discovered in the 1960s and 1970s, including
the Hooker Chemical Company’s hazardous
waste dump in the Love Canal neighborhood
of New York State.
CERCLA’s main objectives are to accelerate site cleanups and to ensure that those parties responsible for creating hazardous waste
sites pay for the cost of the cleanups. Under
CERCLA, Congress required the EPA to
develop a list of priority cleanup sites, known
as the National Priority List, and created a $1.6
billion trust fund. This trust fund, from which
CERCLA received its more common name,
Superfund, was established to finance the
EPA’s cleanup and enforcement costs.
At many Superfund sites, parties that
individually or collectively were responsible for
a share of the waste cannot be identified, may
no longer exist, or are bankrupt. Hazardous
wastes that are attributable to these parties are
known as orphan shares. Parties that have been
identified and are solvent claim that it is unfair
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to require them to pay for orphan shares. In
response, the EPA and the Department of Justice developed the orphan share policy, under
which responsible parties can be compensated
for a portion of their orphan share costs. This
compensation comes from the Superfund trust
fund.
Originally, the Superfund trust fund was
financed by a tax imposed on the petroleum
and chemical industries. This tax expired in
1995 and by 2003, all corporate funds were
drained from the trust fund.1 In 1995, taxpayers paid 18% ($300 million) of the Superfund
trust fund. Since 2005, the Superfund trust
fund has relied solely on taxpayer-funded government revenues (about $1.2 billion).2
Today, citizens, industries, and politicians debate whether or not the tax should be
reinstated. Proponents argue that these taxes
are consistent with the polluters pays principle—the principle that requires that the costs
of pollution be borne by those who cause it.3
Proponents also argue that these taxes may
discourage the production of hazardous waste.4
Opponents argue that the pollution in question is legacy pollution, so the costs are unlikely
to be paid by liable parties.5 Opponents also
argue that the taxes may not give businesses
an incentive to handle hazardous wastes more
carefully or avoid producing them.6
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Activity
Introduction
Note: If you have completed Lesson 2: Superfund Sites, you might replace steps 1-4 with a
class discussion of liability and responsibility
for the Love Canal tragedy. For example, you
might ask: Who do you think was responsible
for cleaning up the Love Canal site and the
neighboring property? If it was not clear that
the Hooker Chemical Company was responsible for the damage, who should have fixed the
damage?
1. Ask students to raise their hands if
someone has ever accidentally damaged
their property. For example, perhaps your
sister borrowed your iPad and accidentally
broke it.
2. Call on at least one student volunteer to
answer the following questions:
• Who and what were affected by this
damage?
• Who do you think is responsible for
fixing the damaged property? Why?

• If you cannot determine who is responsible for the damage, who should fix it?

3. Tell students to imagine that the same
situation happened, but the damage was
intentional.

4. Ask the class if this changes their answers
to the previous questions.
5. Ask for a student volunteer to define the
word liability.
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• liability—The state of being legally
responsible for something.

6. Ask students the following questions:

• Do you think the intent of the person
responsible for damages should determine who is held liable? Why or why
not?

• If the responsible party is a company or
government, does your opinion change?
Why, or why not?

7. Project the overhead ASARCO Scenario.
Cover up everything except the scenario in
Part I.
8. Read through the scenario with the class.

9. Reveal the discussion questions in Part I.
In Think-Pair-Share format, have students
discuss the questions.

10. Reveal the scenario in Part II. Read
through the scenario with the class.

11. Reveal discussion questions in Part II. In
Think-Pair-Share format, have students
discuss the questions.

Steps
1. Share with students that at many
Superfund sites, like Love Canal, there is
often a lack of liability. This means that
no company or organization can be held
responsible for the site’s cleanup.

2. Ask students to think of scenarios in which
a Superfund site might lack a liable, or
legally responsible, party.
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3. Tell students that during a cleanup, the
EPA attempts to bill the company or
companies responsible for pollution.
Sometimes the responsible party cannot be
identified, no longer exists, or is bankrupt.
In these cases the EPA pays for the
cleanup out of the Superfund trust fund.
4. Share with students the definition of the
Superfund trust fund.

• Superfund trust fund—A public trust
fund created with passage of the Comprehensive Environmental Response,
Compensation, and Liability Act (CERCLA) in 1980 to be used to help pay
for the cleanup of abandoned hazardous
waste sites.

5. Tell students that until 1995, the
Superfund trust fund was funded by a tax
on petroleum products and petrochemicals
(chemicals produced in the refining
of petroleum that can be used as raw
materials for other products like solvents,
detergents, adhesives, synthetic rubber, and
a variety of plastics).
6. Ask students why these industries might
be taxed to support the Superfund trust
fund instead of other industries.
(These industries were taxed because they
were responsible for the most hazardous waste
production.7)
7. On the board, write the following
statement: “Do you support or oppose the
Superfund trust fund tax?”
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8. Take a quick poll to determine how many
students support or oppose the Superfund
trust fund tax. Write the results on the
board.

9. Display the overhead Debate: Superfund
Trust Fund Tax. Cover up everything below
the scenario.

10. Read through the scenario with the class.
11. Explain to the class that they will
participate in a sides debate about the
Superfund trust fund tax.

		Option: Conduct a silent sides debate in
place of a verbal debate. In this format each
student is assigned a side and they must
argue for this side on paper. After each
piece of information is revealed, students
must argue for the other side. This is a
great option if you anticipate many or all of
your students will be on one side.
12. Give students the following rules (use an
overhead or write these on the board):
• Everyone must take a side.

• Everyone should be prepared to state his
or her reasons for agreeing or disagreeing
with the statement.
• Anyone can switch sides if the opposing
side’s arguments convince them.
• No one can speak a second time until
everyone else has spoken once.
• Be persuasive but respectful of others
when making your arguments.
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13. Point out the “Support” and “Oppose”
signs posted on the opposite ends of the
room. Explain that these signs represent
agreement or disagreement with the tax.
After you read a statement, students will
move to the sign that represents their
opinion.

14. Reveal and read statements one at a time.

15. After each statement, allow students time
to think about the statement. Students
should decide whether they support or
oppose the Superfund trust fund tax based
on the new information presented. After
they have made their decision, students
should move to the location that represents
their opinion.

		Note: If everyone takes the same side, ask
a few students to try taking the other side
to demonstrate how one might argue for
that side.

16. Ask a volunteer from each side to explain
his or her opinion. Highlight students who
have changed their opinion and ask them
to explain their reasoning.
17. Count the number of students who
support/oppose the tax. Write these
numbers on the board and compare with
the initial class poll.
18. Give each group 5 minutes to discuss
the following questions. Instruct 1
student from each side to facilitate the
conversation.
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• Supporting side: How might the Superfund trust fund tax be improved so that
more people and businesses support it?
• Opposing side: How might we finance
the cleanup of Superfund sites without
reinstating the Superfund trust fund tax?

19. Give the supporting side 2-3 minutes
to present their improvements and the
opposing side 2-3 minutes to present their
alternative to the Superfund trust fund tax.

20. Allow individual students to reevaluate
whether or not they support the Superfund
trust fund tax. If the number of students
who support/oppose the tax has changed,
highlight this difference. Ask for at least
one student who has changed his or her
opinion since the initial poll to explain
why.
21. Have students return to their seats.

22. Share with students that the Superfund
trust fund tax is an example of an
application of the polluter pays principle.
Ask for a volunteer to describe what the
polluter pays principle might mean.

• polluter pays principle—The principle
that states that the costs of pollution
should be borne by those who cause it.

23. Ask students the following questions:

• How might the Superfund trust fund tax
reduce the number of Superfund sites? Is
it effective or ineffective?
• How might the Superfund trust fund tax
be unfair to those being taxed?
63
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• How might the repeal of the Superfund
trust fund tax be unfair to members of
society?

27. Conclude this activity with 1 or more of
the following discussion questions.

Discussion Questions
1. How might the history of Love Canal or
the Hanford Nuclear Reservation been
different if CERCLA had been enacted
sooner?

2. What are the pros and cons of
environmental regulations like CERCLA?
3. Besides taxes, what are some other
incentives for preventing pollution?

4. What might be some challenges associated
with determining who is responsible for
pollution or cleanup costs?
5. Should the government play a role in
assessing liability for pollution? Why or
why not?

6. How might increased liability reduce the
amount of pollution and waste generated
by individuals? By corporations? By
governments?

7. When pollution is discovered and no liable
party can be found, how much should
society spend on cleanup?
8. If taxpayer money was not spent on
Superfund sites, how else might this
money be used to improve the country?
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Lesson Extensions
Art/Science Extension
Have students review the EPA fugitives
website. This website features wanted posters
and information about defendants who have
been charged with environmental crimes or
violations. www2.epa.gov/enforcement/epa-

fugitives

Students can then create a wanted poster
about a specific hazardous or toxic waste
(e.g., pesticides, nuclear waste, paint thinner,
etc.). Posters should include a description and
picture of the waste; a description of how this
waste affects society, the economy, and the
environment; and how to report this waste if
found. Students could make their poster by
hand, by using traditional software such as
Photoshop or Microsoft Publisher, or by
using online tools like www.canva.com
or www.inkscape.org.

Communications Extension
Find a school near an active Superfund site and
invite a class from the school to participate in
a video chat about this site. Free video chatting
tools include Facetime, Google Hangouts, and
Skype. To find an active Superfund site, visit
www.nationalgeographic.com/superfund.
Students could discuss the following questions:
• What is it like living near a Superfund site?
• What do you think about the pace of the
cleanup?
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• Do you feel like the Superfund program is
adequately protecting your community?
• Who is currently managing the cleanup? Are
they the party responsible for the damage?
• Do you have any concerns about your health
now or in the future as a result of living next
to this site?
• What might you do if you felt that the cleanup was inadequate or moving too slowly?

Environmental Science Extension
Students can often confuse the Resource
Conservation and Recovery Act (RCRA) of
1976 and the Comprehensive Environmental
Response, Compensation, and Liability Act
(CERCLA) of 1980. The main difference
between these two acts is that RCRA manages solid and hazardous waste at facilities that
are currently operating, while CERCLA is
focused on the management and remediation
of abandoned hazardous waste sites.8 Have
students compare and contrast the two acts
to better understand their histories, policies,
and intents. The following websites are great
places for students to start their research: www.
epa.gov/epawaste/laws-regs/index.htm and

www2.epa.gov/laws-regulations/summarycomprehensive-environmental-response-compensation-and-liability-act.

History/Government Extension
Have students read Looking Backward: A Historical Perspective on Environmental Regulations
from the U.S. Environmental Protection Agency.
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Afterward, students can create a timeline to
show the events leading up to the creation of
the EPA. Additionally, students could research
events after the creation of the EPA that led to
new and updated environmental regulations.
For classes outside the United States, have students create a timeline leading up to the creation of the environmental protection agency
in your country. www2.epa.gov/aboutepa/

looking-backward-historical-perspective-environmental-regulations

Service Learning Ideas
Informational Interview
Students can conduct an interview with a
person born in an earlier generation (such as a
grandparent or parent) about ecosystems and
waterways that have become polluted in their
neighborhoods. Have students create a onepage summary of this interview to be displayed
in a public space. Students could also include
relevant images, maps, and news articles.
Possible interview questions:
• Who caused this pollution?
• Did this pollution affect the health of humans or the environment?
• Was this pollution ever cleaned up? If so,
who did the cleanup? If not, why was it not
cleaned up?
• Do you think this type of pollution could
occur again? How could this pollution be
prevented in the future?
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Additional Resources
Articles
• Bankrupt companies avoid more than $700
million in cleanup costs
This article provides examples of how some
polluting companies have minimized or
eliminated their cleanup costs after going
through bankruptcy proceedings. www.

publicintegrity.org/2007/05/03/5620/bankrupt-companies-avoid-more-700-millioncleanup-costs

• Stimulating the Future of Superfund: Why
the American Recovery and Reinvestment Act
Calls for a Reinstatement of the Superfund
Tax to Polluted Sites in Urban Environments
This article in the journal Sustainable
Development Law & Policy explains how
the repeal of the Superfund trust fund tax
has increased urban blight and has exposed
younger families and single parents to hazards at orphaned sites. http://digital
commons.wcl.american.edu/cgi/view
content.cgi?article=1449&context=sdlp

Book
• Superfund’s Future: What Will It Cost?
Author Katherine Probst examines the
controversy surrounding the reauthorization of the Superfund law. Some seek a
major overhaul of the statute, arguing that
considerable cleanup still needs to be done.
Others oppose major changes, asserting that
cleanup is almost complete. One of the most
contentious issues in the debate is whether
the taxes that once funded the Superfund
trust fund need to be reinstated. www.rff.
org/Publications/Pages/PublicationDetails.
aspx?PublicationID=14762

Report
• Superfund Taxes or General Revenues:
Future Funding Issues for the Superfund
Program
This report by the Congressional Research
Service discusses the role of dedicated taxes
and other sources of revenue in funding
the Superfund trust fund for the cleanup of
hazardous waste sites. http://digital.library.
unt.edu/ark:/67531/metadc98045/m1/1/
high_res_d/RL31410_2008Feb04.pdf
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ASARCO Scenario
Since the late 1890s, the American Smelting and
Refining Company (ASARCO) has mined, smelted, and
refined lead and copper in several different countries and
22 U.S. states. Copper is used to make electronics and
household items such as computers, cell phones, pipes,
and light bulbs. Lead may be found in toy jewelry, vinyl
lunchboxes, vinyl blinds, decorative windows, and glasses
made from crystal. Throughout the history of its operations, ASARCO has released lead, cadmium, and sulfur
dioxide byproducts into the environment.
In 1970, following passage of the Clean Air Act,
ASARCO was sued by the city of El Paso, Texas over its
sulfur dioxide emissions. During the lawsuit, ASARCO
Iron Ore
submitted documentation of its emissions for the first
time. These reports disclosed that between 1969 and
1971, 1,116 tons of lead, 560 tons of zinc, 12 tons of
cadmium, and 1.1 tons of arsenic had been released at the
El Paso plant.
In humans, chronic (continuous or repeated) exposure to arsenic can
cause cardiovascular disease, diabetes, and a range of cancers. Lead exposure
can cause kidney, liver, brain, and nerve damage; reproductive disorders;
behavioral and learning disorders; and elevated risk of heart disease.

JAMES PETTS

Part I. Scenario9

El Paso
TEXAS

Part I. Discussion Questions
• Who do you think is liable for ASARCO’s pollution?
• Who do you think should pay to clean up ASARCO’s pollution?
• Who do you think should pay to treat the people whose health was affected by ASARCO’s
pollution?
• Can you think of any scenarios in which ASARCO should not have to pay for their pollution?
• As a consumer, do you bear any responsibility for this pollution? Why, or why not?

Part II. Scenario10
Since the creation of the Superfund Act in 1980, the EPA has identified 20 Superfund sites operated by
ASARCO. Some estimates calculate that ASARCO’s cleanup and liability costs exceed $25 billion. More
than a dozen U.S. states and the federal government filed a $6 billion lawsuit against ASARCO involving these 20 sites. In 2005, ASARCO filed for bankruptcy and their fines were reduced to $1.79 billion.
ASARCO can only pay for a small fraction of the cleanup costs.

Part II. Discussion Questions
• Since ASARCO cannot pay for the entire cleanup, who should pay for the remaining cleanup costs?
• How should people whose health was affected by ASARCO’s pollution be compensated?
• Should consumers be responsible for some of the cleanup costs? Why, or why not?
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Debate: Superfund Trust Fund Tax
Scenario:
On December 11, 1980, U.S. Congress enacted the Comprehensive Environmental
Response, Compensation, and Liability Act. This act created a tax on the chemical and
petroleum industries and allowed federal authorities to respond directly to pollution
that may endanger public health or the environment. Revenue from this tax went into
a trust fund to cover the costs of remediating Superfund sites when liable parties no
longer exist or cannot pay for a cleanup.
This tax expired in 1995 and by 2003, all corporate funds were drained from the
trust fund.11 In 1995, taxpayers paid 18% ($300 million) of the Superfund trust fund.
Since 2005, the Superfund trust fund has relied solely on taxpayer-funded government
revenues (about $1.2 billion).12
• The EPA needs more money to complete Superfund site cleanups.13
There are more than 600 Superfund sites on National Priorities List that still need
to be cleaned up.14 The National Priorities List is the U.S. Environmental Protection
Agency’s list of the most serious uncontrolled or abandoned hazardous waste sites
identified for possible long-term remedial action under the Superfund program.
• Fewer responsible parties have been paying to clean up their damage.
Throughout the 1990s, private parties paid for 70% of site cleanups.15 By 2008, only
56% of responsible parties paid for site remedies.16
• Companies that polluted and are now out of business cannot pay
Superfund taxes.17
• Taxes are not levied equally among industries that create Superfund sites.
While some polluting industries, such as oil and chemical companies, were taxed,
others were not. Mining operations, landfills, rail yards, farms, and military installations have created Superfund sites around the United States but these industries were
never subject to the tax.18

• Legacy pollutants have caused most of the contamination at Superfund sites.19
Legacy pollutants are chemicals, often used or produced by industry, which remain
in the environment long after they were first introduced. Oftentimes, these chemicals
were not recognized as harmful when they were first used. Companies required to
pay the tax might not have been responsible for legacy pollutants.
• Cleanup is delayed at numerous sites because of a lack of funding.
In 1999, the Superfund program completed the cleanup of 89 sites. Due to the
decrease in funding, only 19 sites were completed in 2009.20
• Superfund taxes could discourage the use of toxins and, ultimately, the creation
of hazardous waste.21
• Chemical manufacturers would not be subject to this tax if they moved their companies to other countries, giving them an incentive to move their production.22

3 Polluter Pays?
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Lesson
UNITED STATES DEPARTMENT OF ENERGY

History of
Hanford
During Activity 1,students watch a film

to learn about the history of the Hanford Nuclear
Reservation—the biggest nuclear waste dump in
the United States. During Activity 2, small groups
identify the unintended consequences of Hanford
and which of these consequences could have
been foreseen. Groups then analyze the strengths,
weaknesses, and biases of the precautionary principle
and apply this framework to the decisions made
during the implementation of the Hanford project.

U.S. DOE | FLICKR.COM

Objectives
Students will:
• Examine the social, economic, and environmental impacts of Hanford.
• Understand the causes and effects of
unintended consequences.
• Evaluate the benefits and shortcomings of
the precautionary principle.
• Explain the challenges and limitations of
using today’s perspective to analyze historical
events.

Critical Thinking/Inquiry Questions
• What are some of the unique characteristics
of the Hanford project that made it challenging to predict or prevent some of its
negative consequences?
• How could the precautionary principle be
used to minimize unintended consequences?
• What are the challenges of retroactively
evaluating historical decisions from today’s
perspective?
• How might our modern perspectives alter
our view of other historical events?

Time Required
Activity 1 (or homework): 80 minutes
Activity 2: 50 minutes

Key Concepts
• decision-making framework—A set of
ideas or facts used to guide an individual
through a process to make a decision.
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• Hanford Nuclear Reservation (Hanford)—
A site in Washington State created to
produce plutonium for atomic bombs for the
Manhattan Project. The nuclear waste produced and stored onsite has made it the most
contaminated nuclear site in the Western
hemisphere.
• Manhattan Project—A secret research and
development project that produced the first
atomic bombs during World War II.
• precautionary principle—When there is a
scientific basis to believe that an action or
inaction is likely to cause harm to human
health or the environment, the lack of full
scientific certainty should not be used as a
reason for postponing measures to prevent
harm.
• unintended consequence—An outcome
that is not the one intended by a purposeful action. An unintended outcome may be
positive or negative.

Supporting Vocabulary
These definitions are provided to help expand
class discussions and provide additional background information for you and your class. Not
all of these vocabulary words are used explicitly
in this lesson.
• Cold War—The state of political hostility
that existed between the Soviet bloc countries and the U.S.-led Western powers from
1945 to 1990.
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• nuclear waste—Radioactive material generated from nuclear weapons and the operation of nuclear power stations. Low-level
waste can be disposed of relatively easily
but highly radioactive material requires very
costly methods of storage that, because of
the long half-life of some waste, must last for
thousands of years.
• nuclear technology—Technology that
involves the reactions of atomic nuclei. The
most common nuclear technologies include
nuclear reactors, nuclear medicine, and
nuclear weapons.
• radiation—A type of energy given off by
nuclear fission that can damage cells, cause
cancer, and may lead to death.
• World War II—A conflict that involved
virtually every part of the world from
1939–1945. The principal players were the
Axis powers (Germany, Italy, and Japan)
and the Allies (France, Great Britain, the
United States, the Soviet Union, and, to a
lesser extent, China). The war was in many
respects a continuation of the disputes left
unsettled by World War I. Nearly 50 million
deaths occurred in World War II, making it
the bloodiest conflict, as well as the largest
war, in history.

U.S. Standards Correlation
• State and national standards: Visit our
Standards Correlation Tool at
www.facingthefuture.org/CurriculaFreeUnits/StandardsCorrelations

4 History of Hanford

Materials/Prep
Activity 1 (or Homework)
Video: Hanford available from Oregon
Public Broadcasting at http://watch.opb.
org/video/2365072772/

Handout: Consequences of Hanford,
1 copy per student
Activity 2
Butcher paper: 2 sheets per group of 3

Markers: 1 set per group of 3
Handout: Precautionary Principle,
1 copy per group of 3

Background Information
for Educators
Throughout history, many human actions
have produced unintended consequences—
outcomes that are not the ones intended by
a purposeful action. These consequences can
be positive, negative, or neutral and can happen immediately or over a long time period.
One example of an unintended consequence
emerged from the management of cobras in
India. In British-ruled India, a bounty was
offered for cobras in order to reduce their
population. As a result of this financial incentive, people began breeding cobras in order to
collect the bounty. Officials canceled the program and cobra breeders released the farmed
cobras into the wild, leading to an increase in
the cobra population.
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One example of a long-term unintended
consequence is nuclear waste. Nuclear waste
is the byproduct of nuclear power and nuclear
weapons production. Even though nuclear
waste is linked to serious health effects and
has been around since the 1940s, we still do
not have a long-term solution for managing
this waste. In this lesson, we take a deeper
look at the history of the Hanford Nuclear
Reservation, a decommissioned nuclear weapons production complex. Hanford is the most
contaminated nuclear waste site in the United
States, contains 56 million gallons of radioactive and chemical waste, and is one of the biggest Superfund sites in the country.1
One proposed method to minimize unintended consequences that affect environmental
and human health is the precautionary principle. The precautionary principle states that
when there is a scientific basis to believe that
an action or inaction is likely to cause harm to
human health or the environment, the lack of
full scientific certainty should not be used as
a reason for postponing measures to prevent
harm.

Activity 1
Introduction
1. Share the following quote from President
Ronald Reagan with the class: “A nuclear war
cannot be won and must never be fought.”
2. Give students 2-3 minutes to discuss the
meaning of this quote with a partner.
3. Invite volunteers to share their responses
with the class.

Steps
1. Share with students that today they will
be viewing a film to learn more about
the Hanford Nuclear Reservation and to
identify some of the social, economic, and
environmental impacts of this site.
2. Give each student a copy of the handout
Consequences of Hanford and review the
directions with the class.

		Option: Assign this handout and the
following video as homework. If assigning
this video as homework, be sure students
have access to the Internet.

3. Explain that each student will view the
film and take notes on the impacts of
the Hanford project in only one of the
following categories—society, economy, or
environment. Tomorrow students will work
together in small groups to complete a Venn
diagram, so quality notes will be important.

4. Divide the class into 3 equal groups
and assign each group 1 topic—social,
economic, or environmental impacts.
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		Option: Invite students to choose which
category they would like to take notes on.
If the groups are uneven, ask for student
volunteers to switch categories.

5. Show the video Hanford with the closed
captioning turned on. To turn on the
closed captioning, begin playing the video
and then click the CC button in the lower
right hand corner.

		Option: If time allows, pause the video
and repeat information about the social,
economic, and environmental impacts of
Hanford. Give students a couple minutes
to review and fill in gaps in their handouts.

6. After the video is finshed, instruct students
to complete Part III of the worksheet in
class or assign it as homework. Students
should bring this handout to the next class.
7. Debrief the film with the following
discussions questions.

Discussion Questions
1. What is your initial response to this film?

2. What is something that stood out for you
in this film?
3. What do you think is the purpose of this
film?

4. From whose or what point of view is the
history of Hanford told? Are there voices
that are missing from the telling of this story?

Activity 2
Introduction
1. Read the following scenario to the class:

		
In British-ruled India, a bounty (an
amount of money given to someone as a
reward) was offered for cobras in order to
reduce their population. Eventually, people
began breeding cobras in order to collect
the bounty. This led to the program’s
cancellation and the breeders released the
farmed cobras into the wild, leading to an
increase in the cobra population.
2. Share with the class that unintended
consequences are outcomes that are not
the ones intended by a purposeful action.
These consequences can be positive,
negative, or neutral.

3. Ask students to identify 1 or more unintended
consequences of the cobra bounty.

4. Ask the class to think about a time when
they did something that led to unexpected
results or unintended consequences. Have a
few students share their examples.
5. In Think-Pair-Share format, ask students
to discuss the following questions:

• What did you expect the outcome(s) of
your action would be?

• Why do you think you failed to consider
the unintended consequences?

5. How do the ideas in this film help to give
perspective to the quote you read at the
beginning of class: “A nuclear war cannot be
won and must never be fought?”
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• What patterns of behavior might lead to
unintended consequences?

• How does the Hanford Nuclear Reservation relate to unintended consequences?

6. Share with students that today they
will examine some of the unintended
consequences that resulted from the
Hanford Nuclear Reservation and learn
about a decision-making framework
that could have helped minimize these
unintended consequences.

5. Draw the following Venn diagram on the
board and ask students to replicate this on
their butcher paper.

Social

Economic

Environmental

Steps
1. Have students get out the handout
Consequences of Hanford.

2. Explain that students will gather in
groups of 3 so that social, economic, and
environmental topics are represented.
Have students show the topic they took
notes about by holding up the number
of fingers that corresponds with their
topic: 1 for social, 2 for economic, or 3 for
environmental.

3. Ask students to get into groups of 3 so that
each topic is represented.
4. Give each group 1 sheet of butcher paper
and a set of markers.

6. Instruct groups to complete the Venn
diagram with the information that
they recorded in Part II of the handout
Consequences of Hanford.

		Option: Share with the class that a Venn
diagram is an organizational tool made
up of 2 or more overlapping circles, which
is used to visually compare and contrast
information and to illustrate relationships
among two or more topics. Draw the
following Venn diagram on the board.

Whales
live birth
breathe air
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Fish
can swim
have fins

lay eggs
breathe water
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Explain to students that the overlapping
areas represent characteristics that whales
and fish have in common, while the
areas that are not overlapping contain
characteristics that are unique to whales
or fish.

7. Ask students to code the positive, negative,
and neutral consequences using different
colors (e.g., red=negative consequences,
green=positive consequences, and blue=
neutral consequences).
8. Give each group a few minutes to
summarize their Venn diagram. As groups
are presenting, members of the audience
may add ideas from the presenters to the
Venn diagram.
9. Give each group of 3 another piece of
butcher paper.

10. Ask groups to draw a t-chart on their
paper with the following headings:
“consequences that could have been
predicted before Hanford” and
“consequences that could not have been
predicted before Hanford.” Give groups
5 minutes to complete the t-chart with
information from their Venn diagram.
11. Bring the class back together and ask
students the following questions:

• What are some of the unique characteristics of the Hanford project that made it
challenging to predict or prevent some of
its negative consequences? (Answers could
include the urgency or threat of war, secrecy
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of the project, lack of stakeholder involvement or knowledge, lack of knowledge about
the effects of radiation, etc.)

• What criteria or processes would you
have used to decide whether or not to
begin the Hanford project?

• Knowing that it is nearly impossible to
predict all the consequences of an action,
what could have been done before this
project was started to avoid or minimize
the negative impacts of Hanford?

10. Ask for a student to explain the cliché:
“Better safe than sorry.”

11. Tell students that the precautionary
principle is similar to this cliché. This
principle is 1 decision-making framework
that people use to decide whether or not to
take a particular action.
12. Give each group 1 copy of the handout
Precautionary Principle and review the
directions with the class. Instruct groups to
write their answers on a separate sheet of
paper.
13. After groups have completed their
handouts, give each group 2-3 minutes
to state whether or not they would
have moved forward with the Hanford
project and how they came to this
decision. Groups must cite examples
from their Venn diagram, t-chart, and the
precautionary principle.
14. Conclude this activity with the following
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Lesson Extensions

discussion questions.

Discussion Questions
1. What can society learn from the history of
Hanford?
2. How might bringing together multiple
perspectives or stakeholders on an issue
help minimize unintended consequences?

3. Do you think individuals are responsible to
future generations for their actions? Why,
or why not?
4. Why do you think the precautionary
principle mentions inaction? Can you
think of examples of when a person or
group of people’s inaction led to negative
consequences?

5. How might the precautionary principle be
applied to household and hazardous waste?
How might the precautionary principle
be used during the design of a product to
prevent waste?
6. How might the precautionary principle
encourage new ideas or technologies?
How might it discourage new ideas or
technologies?
7. How could you use the precautionary
principle in your own life?

8. If the consequences of an action are
not foreseeable, should individuals or
companies be held liable for their actions?
Why, or why not?
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History Extension
Have small groups create fact sheets about different decades in the nuclear age. Ask students
to pay special attention to nuclear innovations and their unintended consequences in
their assigned decade. The fact sheets could
be strung together to make a complete timeline of the nuclear age. The Hague Center for
Strategic Studies’ Nuclear Timeline is a great
resource for student research.
www.tiki-toki.com/timeline/entry/170794/
HCSS-Nuclear-Timeline

Literature Extension
In Phaedrus, Plato examines one of humankind’s earliest technologies—writing—and its
unanticipated consequences. In the following
passage, Theuth claimed that writing would
improve both the memory and the wisdom
of humans, while Thamus thought otherwise.
Have students read this passage and interpret
its message.
Theuth, my paragon of inventors, the
discoverer of an art is not the best judge of
the good or harm which will accrue to those
who practice it. So it is in this case: you, who
are the father of writing, have out of fondness for your offspring attributed to it quite
the opposite of its real function. Those who
acquire it will cease to exercise their memory
and become forgetful; they will rely on writing to bring things to their remembrance
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by external signs instead of by their internal
resources. What you have discovered is a
recipe for recollection, not for memory. And
as for wisdom, your pupils will have the
reputation for it without the reality: they
will receive a quantity of information without proper instruction, and in consequence
be thought very knowledgeable when they
are for the most part ignorant. And because
they are filled with the conceit of wisdom
instead of real wisdom they will be a burden
to society.

Service Learning Idea

Writing Extension
During the video (at 6 minutes, 53 seconds),
one of the narrators says of the atomic bomb,
“You couldn’t have done it in time if you waited
to prove everything ahead of time. It would
take years. And they just decided, we’ll do it,
we’ll succeed or we’ll fail, but we have to go
fast.” Have students write an essay about this
quote with the following prompts.

Additional Resources

Writing Prompts:
• How does or does not this approach exemplify the precautionary principle?
• In times of war, should the precautionary
principle be used? Why, or why not?

From Hiroshima to Hope is an organization that commemorates the victims of the
atomic bombings of Hiroshima and Nagasaki.
They seek to educate the public about peace,
nonviolent conflict resolution, and nuclear
disarmament through a public outdoor event
on August 6th every year. Have your students
create their own From Hiroshima to Hope celebration at your school. Traditionally, this event
features music, speakers, and a lantern floating
ceremony. http://fromhiroshimatohope.org

Art
• Particles on the Wall
This free book contains interdisciplinary art
exhibits that connect science, art, the history
of Hanford, and major themes of the nuclear
age. Each piece of artwork contains an artist’s statement about the piece.
www.toxipedia.org/display/hwt/
View+the+POTW+Book

Book
• Bomb: The Race to Build—and Steal—the
World’s Most Dangerous Weapon
This 272-page book examines the scientific
race that led to the creation of the atomic bomb.
http://stevesheinkin.com/books/bomb
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Historical Documents
• Atomic Energy and Nuclear History
Learning Curriculum
Using primary documents, this exhibit traces
the development of the atomic age from the
discovery of radioactivity in the late 1800s
to the close of the Cold War near the end
of the twentieth century. The exhibit discusses the scientific, political, and cultural
ramifications of nuclear energy while at the
same time acting as a learning curriculum for
those interested in furthering their studies of
the era. http://scarc.library.oregonstate.edu/
omeka/exhibits/show/atomic

• Selected Documents on the Topic of the Atomic
Bomb, 1935-1976
This digital collection includes letters,
reports, and official memoranda between
important historical figures such as President
Roosevelt, Winston Churchill, and Alexander Sachs; physicists Albert Einstein, Enrico
Fermi, and Leo Szillard; and government
administrators. The documents reference
matters related to the development and use
of the atomic bomb during World War II,
including the Manhattan Project, general
nuclear research, and the potential for enriching uranium. www.fdrlibrary.marist.edu/

Curricula
• The Harnessed Atom
This curriculum from the U.S. Department
of Energy includes lesson plans, experiments, interactive games, and links to outside
resources. It covers topics ranging from energy basics and fission to nuclear waste and
careers in nuclear science. http://energy.gov/
ne/services/harnessed-atom

• Nuclear Connect
Nuclear Connect provides more than 20
classroom activities that will help your
students better understand concepts such as
chain reactions, critical mass, fission, radioactive atoms, radioisotopes, and half-life.
www.nuclearconnect.org/in-the-classroom/
for-teachers/classroom-activities

• Science NetLinks
The American Association for the Advancement of Science has published several lessons
that will help students better understand
concepts related to isotopes, radioactive decay, and the nucleus. http://sciencenetlinks.
com/search/?q=radioactivity+AND+atom

archives/pdfs/docsworldwar.pdf
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Fact Sheet
• Uranium (nuclear)
This 4-page factbook from the National
Energy Education Development Project
(NEED) introduces the history of nuclear
energy, the use of uranium as a nuclear fuel,
and the risks and environmental impacts of
nuclear energy. www.need.org/Files/
curriculum/infobook/UraniumS.pdf

Report
• History of the Hanford Site: 1943-1990
This report highlights the national and
international historical events that occurred
in association with the development of the
Hanford site and aims to increase awareness
of the historical significance of the site’s
contributions and missions during the
Manhattan Project and Cold War.
http://ecology.pnnl.gov/library/History/
Hanford-History-All.pdf

• A Short History of Hanford Waste
Generation, Storage, and Release
This history from the Pacific Northwest National Laboratory explores Hanford’s waste
and nuclear materials; releases of waste;
releases of radionuclides into the atmosphere
and into the Columbia River; and cleanup
status. See pages 20-39 for graphs, maps, and
historical photos.
www.pnl.gov/main/publications/external/
technical_reports/PNNL-13605rev4.pdf
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Timelines
• Nuclear Detonation Timeline
This 10-minute animation shows the 2,053
nuclear tests and explosions that occurred
between 1945 and 1998. This video helps
to depict the fever of the nuclear arms race.
www.youtube.com/watch?v=I9lquok4Pdk

• Timeline of the Nuclear Age
This timeline from the Atomic Archive begins with the discovery of the x-ray in 1895
and concludes with modern nuclear weapons
testing. www.atomicarchive.com/Timeline/
Time2010.shtml

Videos
• Nuclear Chemistry
This 10-minute video introduces the concepts of radioactivity, transmutation among
elements and isotopes, calculating half-life,
radioactive decay, and spontaneous fission.

www.youtube.com/watch?v=KWAsz59F8gA

• Radioactive Decay
This video series from the Khan Academy examines types of decay, half-life, and
exponential decay. www.khanacademy.org/
science/chemistry/radioactive-decay

Websites
• Voices of the Manhattan Project
This website features more than 200 interviews with Manhattan Project workers
and their families, including Robert Oppenheimer, General Leslie R. Groves, Glenn
Seaborg, Rose Bethe, and George Kistiakowsky. http://manhattanprojectvoices.org
79
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Consequences of Hanford,

Period

page 1

Part I. Introduction
Directions: Read the following introduction before watching the film Hanford, available from
Oregon Public Broadcasting at http://watch.opb.org/video/2365072772.
The Hanford Nuclear Reservation in Richland, Washington is the most contaminated nuclear waste site in the
United States and one of the biggest Superfund sites in the country. At Hanford, 177 aging underground storage tanks hold 56 million gallons of radioactive and chemical waste, some of which will remain radioactive for
thousands of years.2 Exposure to this waste can cause birth defects, cancer, and even death. It would take about
1.1 million bathtubs or 224 million Big Gulps to hold all of Hanford’s nuclear waste.3 In 1989, the U.S. Department of Energy began cleaning up the Hanford Nuclear Reservation. So far the cleanup has cost $40 billion4 and
is expected to cost at least $113.6 billion5 more. The Department of Energy expects the cleanup to be completed
in 2060, but some people believe the cleanup will take longer due to technical glitches, budget cuts, and the lack of
waste processing technology.
Part II. Identifying Consequences
Directions: While watching the film Hanford, record at least three consequences related to your
assigned topic (i.e., social, economic, or environmental impacts). Remember that consequences
can be positive, negative, or neutral.
Social Impacts
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Environmental Impacts
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Part III. Reflection
Directions: Answer the following questions after you have finished watching the video Hanford.
1. Describe your response to this film. What most surprised you or moved you?
		_____________________________________________________________________________________________________________
		_____________________________________________________________________________________________________________
		_____________________________________________________________________________________________________________
		_____________________________________________________________________________________________________________
2. Describe the point of view represented in this film. Were there perspectives or voices
that were missing? If so, whose?
		_____________________________________________________________________________________________________________
		_____________________________________________________________________________________________________________
		_____________________________________________________________________________________________________________
		_____________________________________________________________________________________________________________
3. What social, political, and cultural context existed at the local and global level when the
Hanford Nuclear Reservation was first created? How is this different today?
		_____________________________________________________________________________________________________________
		_____________________________________________________________________________________________________________
		_____________________________________________________________________________________________________________
		_____________________________________________________________________________________________________________
4. Answer one of the following questions:
• How would you feel if you were forced to relocate for a war effort?

• Imagine you were a worker in the Hanford plant. How might you have felt upon
learning that you had helped to create the atomic bomb?

• What might it feel like to be a newspaper reporter and be unable to publish any news
about Hanford due to the restrictions set by the Office of Censorship?

		_____________________________________________________________________________________________________________
		_____________________________________________________________________________________________________________
		_____________________________________________________________________________________________________________
		_____________________________________________________________________________________________________________
		_____________________________________________________________________________________________________________
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Precautionary Principle
Part I. Background Information
Directions: As a group, read the following information about the precautionary principle.
The precautionary principle states that when there is a scientific basis to believe that an action or inaction is likely
to cause harm to human health or the environment, the lack of full scientific certainty should not be used as a
reason for postponing measures to prevent harm. In other words, an action should not be taken if the consequences
are uncertain and potentially dangerous. Examples of the precautionary principle include conducting a study of the
environmental impacts of a new building before beginning construction or testing the side effects of a new medicine before selling it to the general public.
Some decision-making frameworks ask what risks or level of harm is acceptable. However, the precautionary principle asks:6
• How much harm can be avoided?
• What are the alternatives, and are they safer?
• Is this activity even necessary?
This framework forces the initiator of an activity to answer fundamental questions about the social and environmental costs and benefits before taking an action. Opponents of this approach believe that the precautionary principle slows down the development of new products or projects and makes them more expensive due to additional
research and testing.
Part II. Analysis
Directions: On a separate sheet of paper, answer the questions below.
1. Does the precautionary principle address social, economic, and environmental aspects of an issue? Are some of
these aspects prioritized over others?
2. How might the precautionary principle be used to minimize unintended consequences?
3. What are the main strengths of the precautionary principle? Why do you consider these to be strengths?
Part III. Application
Directions: On a separate sheet of paper, answer the questions below.
1. Imagine your group has been asked to advise the president of the United States whether or not to proceed with
the Hanford project. Using the precautionary principle and the positive, negative, and neutral consequences
from your Venn diagram, what would you decide? Be sure to justify your answer.
2. If you chose to proceed with Hanford, how could you minimize the negative consequences of the project and
still create plutonium for atomic bombs? If you chose not to proceed with the Hanford project, how might the
consequences of your decision compare with the consequences that are currently in your Venn diagram?
3. What are the challenges of retroactively evaluating the decision to move forward with Hanford from today’s
perspective? How might our modern perspectives alter our view of other historical events?
4. Your judgments and assessments of the Hanford project are informed by knowledge of consequences that may
not have been apparent at the outset of the project. How does this affect your answers to the above questions?
Justify your answer using examples from your t-chart.

4 History of Hanford

82

© FACING THE FUTURE www.facingthefuture.org

Lesson
NIGEL | FLICKR.COM

Blowing
in the Wind
Students learn that the Hanford

Nuclear Reservation has acted as a refugium for
many plants and animals, review a trophic level
diagram of plants and animals living at Hanford,
and then consider how different trophic levels are
interconnected. During a role playing game in
which students take on the identities of different
plants, animals, and abiotic factors, students
discover how contaminants can spread from
local to distant ecosystems and from
one trophic level to another.

GEOFF GALLICE | F LICKR.COM

Objectives
Students will:
• Model how contaminants can be transferred
from prey to predators.
• Define and describe trophic transfer.
• Describe how a dataset and illustration
exemplifies bioaccumulation and biomagnification.

Critical Thinking/Inquiry Questions
• How do plants, animals, and abiotic factors
contribute to the spread of contaminants?
• How do contaminants affect local and distant societies, economies, and environments?
• How does the process of biomagnification
impact the concentration of contaminants in
animals of different trophic levels?
• How might trophic transfer, bioaccumulation, and biomagnification impact the safety
of human food systems?

Time Required
Activity 1: 50 minutes
Activity 2 (optional): 50 minutes

Key Concepts
• bioaccumulation—An increase in the
concentration of a chemical in a biological organism over time, compared to the
chemical’s concentration in the environment.
The source of the chemical can be from the
water, soil, sediment, or air the organism
interacts with or from the food it eats.
• biomagnification—A process that results
in the accumulation of a chemical in an
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organism at higher levels than are found in
its food. It occurs when a chemical becomes
more and more concentrated as it moves up
through a food chain.
• ecosystem—A community of organisms
(plant, animal, and other living organisms)
that interact with one another and the nonliving factors in their environment.
• trophic level—A step in the food web of an
ecosystem. The first and lowest level contains producers. Producers are consumed by
herbivores at the second level. At the third
level, primary carnivores eat herbivores, and
at the fourth level, secondary carnivores eat
primary carnivores.
• trophic transfer—The transport of contaminants from prey to predator.

Supporting Vocabulary
These definitions are provided to help expand
class discussions and provide additional background information for you and your class. Not
all of these vocabulary words are used explicitly
in this lesson.
• abiotic factor—A nonliving environmental media (e.g., water, soils, sediments) or
nonliving environmental characteristic (e.g.,
light, temperature, pH, humidity).
• apex predator—A predator that, as an adult,
has no natural predators in its ecosystem.
• biotic factor—A living part of an ecosystem
(e.g., animals, plants and microorganisms).
• consumer—An organism that does not
make its own food (i.e., is not a producer);
there are different types of consumers:
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•

•
•

•
•
•
•

primary consumers, or herbivores, eat
producers, secondary consumers eat primary
consumers, tertiary consumers eat secondary
consumers.
contaminant—A substance that is either
present in an environment where it does
not belong or is present at levels above the
natural background level.
persistent organic pollutants (POPs)—Pollutants which persist for long periods of time
in the environment and can bioaccumulate.
pollutant—Any substance introduced into
the environment that adversely affects the
health of an organism, the health of an ecosystem, or the usefulness of a resource.
producer—An organism that is able to
make its own food (e.g., plants, algae).
radioactive contamination—Contamination of a substance, living organism, or site
caused by radioactive material.
radionuclide (radioactive nuclide)—An
atom with an unstable nucleus.
refugium—A geographical location where
natural environmental conditions have
remained relatively constant or stable during
times of great environmental change.

U.S. Standards Correlation
• State and national standards: Visit our
Standards Correlation Tool at
www.facingthefuture.org/CurriculaFreeUnits/StandardsCorrelations
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Materials/Preparation
Activity 1
Display Copy: Trophic Levels
Cards: Identity Cards, 1 card per student,
cut before class. If you have more than 25
students, copy extra producer and primary
consumer cards. If you have less than 25
students, use fewer secondary and tertiary
consumer cards. Ideally, you will have more
primary consumers than secondary consumers, and more secondary consumers than
tertiary consumers.
Handout: EcoBook Profile, 1 per student and
1 as a display copy
Activity 2
Tokens such as marbles, candies, or coins:
100 tokens of 1 color (to represent food without contaminants) and 50 tokens of another
color (to represent food with contaminants)
Jar or large container to hold all of the tokens
Masking tape or plain stickers, 1 small piece
or sticker per student
Handout: Trophic Transfer, 1 per student
Display Copy: Clam Contamination

Background Information
for Educators
In eastern Washington State, the conversion
of a significant amount of native landscape
into farmland has caused populations of native
animals and plants to decline.1 One pocket of
undeveloped land—162 square miles of the
Hanford Nuclear Reservation—has acted as
a refugium for these native plants and animals.2 A refugium is a geographical location
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where natural environmental conditions have
remained relatively constant or stable during
times of great environmental change.
Although Hanford’s undeveloped land has
acted as a refugium, this land is not pristine.
From the 1940s until the 1970s, approximately
59 billion gallons of low-level nuclear waste
were directly discharged into the soil at Hanford.3 Once contaminants from these wastes
enter the environment, some primary consumers may ingest them when they eat contaminated plants or drink contaminated water.
When a secondary consumer eats a primary
consumer, the contaminants are passed on to
that animal. This transfer of contaminants also
occurs between animals of higher trophic levels. The transport of contaminants from prey
to predator is called trophic transfer.
Certain contaminants, such as DDT,
PCBs, and heavy metals, can accumulate in the
tissues or bones of animals in a process called
bioaccumulation. When a contaminant is discharged into a waterway, the air, or the soil, its
concentration is typically very low. These contaminants can be picked up by primary level
consumers and can accumulate in their tissues.
Secondary consumers accumulate a higher
dose of the contaminants because they eat
many contaminated primary consumers during
their lifespan. Tertiary consumers accumulate
an even higher dose of contaminants since they
eat many contaminated secondary consumers
over their lifespan. The outcome of this process
is biomagnification, the increasing concentration of a contaminant as it moves up through a
food chain.
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Activity 1
Introduction
1. Invite students to name any plants
and animals that might live near the
Hanford Nuclear Reservation in eastern
Washington State.

		Option: Share the story of Hanford’s
radioactive rabbits with the class.

www.wsj.com/articles/SB10001424052748
704694004576019280235026892

2. Ask if anyone knows the word for a
community of organisms (plant, animal,
and other living organisms) that interact
with one another and the nonliving factors
in their environment. (Ecosystem)

3. Give students a few minutes to brainstorm
reasons why Hanford might be a unique
ecosystem.

4. Share with students that many populations
of native animals and plants are dwindling
in eastern Washington because the
native landscape is being developed into
farmland.4 In addition to habitat loss,
when land is converted to farms animal
species may be exterminated because of the
damage they can do to crops.5 As farmland
was developed, animals from eastern
Washington sought refuge at Hanford.
Today, the undeveloped land of the
Hanford Nuclear Reservation (162 square
miles) provides habitat for several animal
species such as black-tailed jackrabbits and
pocket gophers.6
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5. Share with students that Hanford is an
example of a refugium. A refugium is
a geographical location where natural
environmental conditions have remained
relatively constant or stable during times of
great environmental change.
6. Project the display copy Trophic Levels.

7. Tell students that this diagram is a
simplified model of trophic levels in the
Lower Columbia Basin. Trophic levels are
a step in the food web of an ecosystem.
8. Ask students to describe the interactions
between the plants and animals depicted
in the diagram. (The first and lowest level
contains producers. Producers are consumed
by herbivores at the second level. At the
third level, secondary consumers eat primary
consumers, and at the fourth level, tertiary
consumers eat secondary consumers.)

Steps
1. Tell the class that they are going to take
on the roles of different plants, animals,
and abiotic factors in the ecosystem
surrounding the Hanford Nuclear
Reservation in order to explore how biotic
and abiotic factors interact.

		Option: Have students define abiotic
by identifying the prefix (a) and its
definition (without), and the root word
(biotic) and its definition (pertaining
to life). Abiotic factors are all of the
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nonliving environmental media (e.g., water,
soils, air) and nonliving environmental
characteristics (e.g., light, temperature, pH,
humidity) in an ecosystem.

2. Have each student randomly draw an
Identity Card.

3. Project the display copy Ecobook Profile.
Tell students that they will have
to complete their own profile after
interviewing others in the Hanford
ecosystem, so they should pay special
attention to the categories listed on the
display copy.

4. Give students 10 minutes to move about
the room and interview others. After 5
minutes, give the class a 5-minute warning.

		Option: While the students are walking
around meeting other ecosystem
components, have them act out their
assigned identity rather than tell each other
what they are.
5. Give each student a copy of the handout
EcoBook Profile.

6. Give students 5 minutes to complete the
handout EcoBook Profile with text and/or
illustrations.

		Note: Students who represent abiotic
factors will not be able to complete
information related to prey or predators.
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14. Collect the Identity Cards and handout
EcoBook Profile. The handout EcoBook
Profile will be used again in Activity 2.

15. Wrap up class using one or more of the
following discussion questions.

Discussion Questions
1. In your own words, what is trophic
transfer?

2. Why might it be difficult to find the
original source of contamination?

3. How might contaminants impact firstlevel consumers, second-level consumers,
and third-level consumers differently?
4. What might happen if contaminated
animals from Hanford move offsite?

5. How might trophic transfer impact the
safety of human food systems?

6. What is the relationship between proper
waste disposal and trophic transfer?

Activity 2
Introduction
1. Tell the class that today they will play a
short game to better understand trophic
transfer.

2. Ask for a volunteer to recall the definition
of trophic transfer. (The transport of
contaminants from prey to predator.)
3. Give each student his or her handout
EcoBook Profile from Activity 1.

4. Ask the class to identify their trophic
level (i.e., producer, primary consumer,
secondary consumer, or tertiary consumer).
Tell the abiotic factors (i.e., soil, water,
wind) that today, they will participate as
second level consumers.
5. Ask producers to place a piece of tape
with the letter P on their shirt, primary
consumers to place a piece of tape with the
number 1 on their shirt, and so on.
6. Place the jar of tokens in the front of
the room. Share with students that these
tokens represent their food and the goal
of this game is to collect as much food as
possible.

7. Read the following directions to the class
before beginning the game.

• In this game, I will represent the sun.
The sun is in charge of supplying food to
producers.
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• Producers collect 2 pieces of food at a
time from the sun. After accepting the
food from the sun, producers must walk
to the back of the classroom and touch
the wall before they can return to the sun
for more food.
• After 30 seconds, primary consumers
will be allowed to enter the ecosystem
to collect food from the producers. In
order to receive food from a producer,
a primary consumer must gently touch
the shoulder of a producer. The producer
must then hand over all of their food.
The producer then goes back to the sun
to collect food as many times as needed.

• After 30 seconds, secondary consumers
will be allowed to enter the ecosystem
to collect food from the primary consumers. In order to receive food from a
primary consumer, a secondary consumer
must gently touch the shoulder of a primary consumer. The primary consumer
must then hand over all of their food.
The primary consumer then goes back
to a producer to collect food as many
times as needed.
• After 30 seconds, tertiary consumers will
be allowed to enter the ecosystem to collect food from the secondary consumers.
In order to receive food from a secondary consumer, a tertiary consumer must
gently touch the shoulder of a secondary consumer. The secondary consumer
must then hand over all of their food.
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The secondary consumer then goes back
to a primary consumer to collect food as
many times as needed.

• Consumers must visit at least three new
sources of food (people) before returning
to the same source of food (person).
• When the sun runs out of food and
an organism has given all its food to a
predator, that organism can no longer
live and must sit down.

		Option: Share with students that in real
life, the sun will not burn out, or run out of
energy, for at least 5 billion years.
8. Ask students if they have any questions
before you begin the activity.
9. Begin the activity.

10. Give producers 30 seconds to collect food
before allowing primary consumers to
enter the ecosystem.
11. Give primary consumers 30 seconds to
collect food before allowing secondary
consumers to enter the ecosystem.
12. Give secondary consumers 30 seconds
to collect food before allowing tertiary
consumers to enter the ecosystem.

13. Allow the game to continue for 5 minutes
or until all of the producers are out of food.
14. Ask students to return to their seats and
count their two colors of food.
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Steps
1. Give each student a copy of the handout
Trophic Transfer.

2. Share with students what each color of
food represents (i.e., uncontaminated food
or contaminated food).
3. As a class, complete Table 1.

4. Give individuals or small groups about
15 minutes to complete the rest of the
handout. While students are working,
circulate around the room to answer
questions.
5. Ask students the following questions:

• Which is more likely to have a higher
concentration of contaminants: a coyote
or a wolf? Why? (A wolf is more likely to
have a higher concentration since it belongs
to a higher trophic level and has more
opportunities to accumulate contaminants by
eating primary and secondary consumers.)

• Will all contaminants bioaccumulate?
(No, the absorption of the contaminant
must be greater than the excretion.)

6. Project the display copy Clam
Contamination.

7. Read through the scenario with students.
8. In response to the scenario, ask the class
the following questions.
• Why might the clams in subgroup 1
contain more contamination than the
clams in subgroup 5? (Answers might
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include clams from Subgroup 1 are closer to
the source of the contamination, the sediment and water near the subgroup 1 clams
are more contaminated, and/or subgroup 1
clams are older and have had more time to
accumulate contamination.)

• What happens if a river otter only eats
subgroup 1 clams? Only subgroup 3
clams? Only subgroup 5 clams? (Since
the otters accumulate all the methyl mercury from all the clams they consume, they
have much higher concentrations of methyl
mercury than individual clams. If their diet
is mainly subgroup 1 or subgroup 2 clams,
which are more contaminated, the river
otters will accumulate higher levels of
methyl mercury. If they mainly eat clams
from Subgroup 5, which are less contaminated, they will accumulate lower levels
of methyl mercury.)
• If a group of river otters only eat subgroup 1 clams, how might the local
ecosystem be affected over time?
(These otters will have a worse chance
of survival since they are exposed to more
methyl mercury. Over time the otter
population may decrease, which could cause
the population of the subgroup 1 clams to
expand.)

9. Wrap up this activity with a short class
discussion using one or more of the
following questions.

91

© FACING THE FUTURE www.facingthefuture.org

YATHIN S KRISHNAPPA | COMMONS.
WIKIMEDIA.ORG

Discussion Questions

Lesson Extensions

1. Why might it be important to consider the
effects of trophic transfer, bioaccumulation,
and biomagnification when disposing of
waste?
2. How might humans be impacted by
trophic transfer, bioaccumulation, and
biomagnification?

3. What might happen when small amounts
of contamination are discharged repeatedly
over a long time?
4. How might bioaccumulation contribute to
the long-lasting effects of nuclear waste?
The long-ranging effects of nuclear waste?

5. How might biomagnification impact
the safety of human food systems? How
might humans minimize their exposure to
contaminants in food? (By eating organisms
from lower trophic levels.)
6. What are some characteristics of an
individual or species that might amplify
the process of biomagnification?
(Large, fat, long-lived individuals or species
with low rates of metabolism or excretion of a
chemical will bioaccumulate more than small,
thin, short-lived organisms.7)

7. Why might individuals of the same
species living in the same area have
different amounts of contamination?
(The concentration of contaminants will vary
based on an animal’s proximity to the source
of contaminants, whether or not its food and
water sources are contaminated, the size of the
animal, and the age of the animal.)
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Chemistry/Biology Extension
To further connect bioaccumulation to chemistry or biology, discuss with students that
certain properties of chemicals make them
more or less likely to contribute to biomagnification.8 Chemicals that are water soluble
and lipophobic are less likely to contribute
to bioaccumulation, while chemicals that are
water insoluble and lipophilic are more likely
to contribute to biomagnification. Ask students
to brainstorm why these characteristics might
influence the process of biomagnification.
• water soluble—Able to be dissolved in
water.
• lipophobic—Not soluble in lipids or fats.
• water insoluble—Unable to be dissolved in
water.
• lipophilic—Soluble in lipids or fats.

Science Extension
Ask for a student volunteer to describe an apex
predator. (A predator that, as an adult, has no
natural predators in its ecosystem.)
Ask students the following questions:
• What are examples of aquatic apex predators? (Some examples might include giant
pacific octopuses, orca whales, leopard seals, great
white sharks, alligators, and crocodiles.)
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• Why are apex predators important to an
ecosystem? (Apex predators keep the population
of smaller predators in check. This balance helps
to keep important prey populations abundant.)
• How might biomagnification affect apex
predators more than their prey? (Animals
from the highest trophic level have the most
opportunities to accumulate contaminants by
eating primary and secondary consumers.)
• If an apex predator population is drastically
reduced, how might the rest of the ecosystem
be impacted? (In the short term, populations of
the apex predator’s prey will increase due to decreased predation at the top trophic level. In the
long term, this may put a strain on the their food
sources. One example are wolves from Yellowstone National Park. When wolves are removed
from the park, the deer population explodes.
In the long term, this leads to overgrazing and
grasses come under strain, putting the foundation of the food web at risk.)

Advanced Science Extension
The U.S. Environmental Protection Agency’s
KABAM tool is used to estimate potential
bioaccumulation of pesticides in freshwater
aquatic ecosystems and risks to mammals
and birds consuming aquatic organisms in
ecosystems contaminated by these pesticides.
This tool can also be used to estimate pesticide concentrations in fish tissues consumed
by humans. www.epa.gov/oppefed1/models/
water/kabam/kabam_v1_0.xls

Ask students to think of all the variables
they would need to know in order to calculate
the bioaccumulation of a chemical in an aquatic animal, called the bioaccumulation factor
(BAF). Then share with students the variables
that the EPA uses to calculate bioaccumulation
factors. Ask students to justify the reasoning
for using each of these variables. Students can
even download and manipulate the KABAM
tool based on different contaminants.
BAF Variables

1. Log KOW (octanol-water partition
coefficient)

2. Organic carbon partition coefficient (KOC)
3. Sediment pore water concentrations of
pesticide residues (pore water EEC)
4. Aqueous concentration of pesticide
residues (water column EEC)

Technology Extension
Assign each student a different persistent
organic pollutant (POP) from the U.S. Environmental Protection Agency’s “Dirty Dozen”
list. Then have students research how their
POP affects an ecosystem. Students can
then create an animation to show how their
assigned POP moves through an ecosystem
and affects plants, animals, and people. Students can share their animations during a
school movie premier or post them online on
websites like SchoolTube, Vimeo, and YouTube. www2.epa.gov/internationalcooperation/persistent-organic-pollutantsglobal-issue-global-response
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Service Learning Ideas
Healthy Ecosystems
Students can create an inventory of factors in
your community that encourage biodiversity
and healthy ecosystems (e.g., large parks, native
plants, wildlife corridors, tree cover, etc.) as
well as factors that discourage biodiversity and
healthy ecosystems (e.g., invasive plants, lack of
green space, pollution, litter, etc.). The class can
then brainstorm and research ways to increase
biodiversity and the health of local ecosystems. From these ideas, the class can create an
action plan that they implement with the help
of community members. Students can reach
out to the local parks department, department
of soil and conservation, and department of
natural resources to gather ideas on how to
implement the plan. The National Wildlife
Federation provides great resources for creating
healthy ecosystems: www.nwf.org/How-toHelp/Garden-for-Wildlife.aspx.
Persistent Organic Pollutants
Persistent organic pollutants (POPs) are pollutants that persist for long periods of time
in the environment and can bioaccumulate.
Because they can be transported by wind and
water, POPs generated in one place can affect
people and wildlife far from where they are
used and released.
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Project 1
The Stockholm Convention on Persistent
Organic Pollutants is a legally binding international agreement that protects human health
and the environment from some of the most
dangerous chemicals on Earth. POPs are
especially dangerous because they persist in the
environment and are often found far from their
original source. This treaty was adopted on
May 22, 2001 and entered into force on May
17, 2004. http://chm.pops.int/default.aspx
Students can review the list of signatory
countries and make a list of countries that
have not ratified the treaty. As of 2015, only
152 countries have ratified the treaty. Have
students create a campaign and petition to
urge these remaining countries to ratify the
treaty. The publications area of the Stockholm
Convention’s website is a great place for
students to begin research.
http://chm.pops.int/Countries/
StatusofRatifications/tabid/252/Default.aspx

Project 2
Studies conducted in the 1970s show a correlation between fish consumption and elevated
POP levels, especially mercury, PCBs, and dioxins.9 Researchers have concluded that people
can be exposed to POPs by eating contaminated
fish. Mercury, PCBs, and dioxins can build up
in the body over time and may lead to health
problems, such as birth defects and cancer.10
Students can work with local fishers to
help inform them about regional hazards and
even design a plan to clean up local waterways.
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Resources for fish advisory research:
• National Listing of Fish Advisories
This interactive tool lists local waterways
that have advisory warnings, fish species that
are unsafe to eat, and pollutants that affect
aquatic species. http://fishadvisoryonline.
epa.gov/General.aspx

• Department of Health
Use the map to select your state’s Department of Health, then search for “Fish
Consumption Advisories” to learn more
about advisories in your state. www.cdc.gov/
mmwr/international/relres.html

• Global Mercury Hotspots
This report identifies global biological mercury hotspots and the fish and people being
impacted by these hotspots. www.ipen.org/
documents/global-mercury-hotspots

Project 3
Studies conducted in the 1970s show a correlation between fish consumption and elevated
POPs levels, especially methyl mercury, PCBs,
and dioxins.11 Researchers have concluded
that people can be exposed to POPs by eating contaminated fish. Methyl mercury, PCBs,
and dioxins can build up in the body over time
and may lead to health problems, such as birth
defects and cancer.12
The Seafood Watch guide produced by
the Monterey Bay Aquarium and helps people
choose sustainable seafood options. Students
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could inform local consumers, chefs, and businesses about the Seafood Watch guide. This
guide is available online, in print, and as an iOS
and Android app. www.seafoodwatch.org

Additional Resources
Articles
• Even Rabbit Droppings Count in Nuclear
Cleanup
This New York Times explores the environmental and economic costs of animals
that come in contact with radioactive
waste at the Hanford Nuclear Reservation.
www.nytimes.com/2009/10/15/science/
earth/15rabbit.html

• Radioactive Boar on the Rise in Germany
This article examines the increasing boar
population in Germany, how the boars’ diet
increases their radioactivity, and how the
German government is compensating boar
hunters for their loss of edible boar meat.
www.spiegel.de/international/zeitgeist/
a-quarter-century-after-chernobylradioactive-boar-on-the-rise-in-germanya-709345.html

• Umatilla Tribes to Grow Native Plants for
Hanford
The Confederated Tribes of the Umatilla in
Oregon will be conducting one-of-a-kind
research and development for native revegetation efforts at Hanford. http://energy.gov/
em/articles/umatilla-tribes-grow-nativeplants-hanford
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Photos
• Animals Inherit Mixed Legacy at Chernobyl
This slideshow from National Geographic
demonstrates how different animals have
been affected by the radioactive fallout at
Chernobyl. An in-depth description accompanies each photo and discusses issues like
abnormalities, appearance versus reality, and
the mixed outcomes for different species.
http://news.nationalgeographic.com/
news/energy/2011/04/pictures/110426chernobyl-25th-anniversary-wildlife

Report
• Hanford and the River
See pages 11-16 of this report from the Columbia River Keepers for more information
about the major contaminants from Hanford
and the effects of their biomagnification.
http://columbiariverkeeper.org/wp-content/
uploads/2011/09/hanford_and_the_river_
final2.pdf

Videos
• Biomagnif ication
This 11-minute video defines bioaccumulation and provides an in-depth example of bioaccumulation throughout a
marine food chain. www.youtube.com/
watch?v=xI2M97Gl5qM

• Radioactive Wolves
This 54-minute video from PBS shows
how animals have adapted to the Chernobyl
nuclear meltdown and explores questions
like “What happens to nature after a nuclear
accident?” and “How does wildlife deal with
the world it inherits after human inhabitants
have fled?” www.pbs.org/wnet/nature/epi-

sodes/radioactive-wolves/introduction/7108

Websites
• Environmental Reports
This website houses the Hanford site’s most
up-to-date management plans and monitoring reports. https://msa.hanford.gov/page.
cfm/EnvironmentalReports2011-latest
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BLACK-TAILED JACKRABBIT (LEPUS CA LIFORNICUS)
Jackrabbits are primarily nocturnal. During the day, they use shrubs and/
or shallow burrows for cover. They are a sagebrush obligate species, which
means they need sagebrush to survive. Jackrabbits are in decline because
humans have developed most of their habitat. This species is the principal
prey of golden eagles and is an important food source for coyotes, common
13
ravens, the great horned owl, and many other birds of prey.
In 2009, after hopping through the 327 Building at Hanford, several
jackrabbits became highly contaminated by radioactive cesium. These rabbits were living close enough to Hanford’s boundaries that they could have potentially come in contact with
the public. After the rabbits became contaminated, so did their waste. Traces of radioactive rabbit waste
14
were found more than 100 yards from the 327 Building.
After the radioactive rabbits were discovered, a helicopter hovered 50 feet above the Hanford
Nuclear Reservation for an entire week, searching 13.7 square miles for radioactive rabbit scat (waste). An
onboard computer used GPS technology to record the site of each radioactive dropping so workers could
return later to dispose of them as low-level radioactive waste. This helicopter survey cost the federal
15
government $300,000! Rabbits that are found onsite and are contaminated are disposed of as
radioactive waste.

WATER
At Hanford, 440 billion gallons of contaminated liquids have been dumped
16
directly into the ground. This waste contaminated the soil and became even
more dangerous when it was mobilized by groundwater (water that is found
underground in the cracks and spaces in soil, sand, and rock). The contaminated
groundwater moved through the soil and merged with the Columbia River—
the second largest river in the continental United States.
Not only was contamination intentionally dumped into the ground, but it has
also leaked from waste storage containers. It is estimated that the soil and
17
rock beneath Hanford contains about 72 square miles of contaminated groundwater.
There are many communities that rely on the Columbia River for all or part of their domestic water
18
supply, including Kennewick, Pasco, Richland, and West Richland. A number of contaminants such as tritium,
19
chromium, nitrate, and strontium-90 have already entered the groundwater and the river. These water20
borne contaminants can accumulate in plants and animals living near the groundwater and river.
A 2012 study detected tritium, uranium-234, uranium-238, strontium-90, technitium-99, uranium-235,
21
plutonium-238, and plutonium-239/240 in the Columbia River. Additionally, cesium-137, uranium-234,
22
uranium-235, uranium-238, plutonium-239/240 have been detected in the river’s sediment.
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SOIL
Soil is critical for life—it acts as a water filter, provides habitat for billions of
23
organisms, and is the foundation of our agricultural system. The Columbia Basin
24
is covered by a thin crust made up of mosses, lichens, algae, and bacteria. This
layer is called cryptogamic crust and helps protect soil from erosion, absorbs mois25
ture, and provides nitrogen and other nutrients for plant growth.
Until the early 1980s, scientists believed that the soil under Hanford would act
as a huge sponge to keep contamination out of groundwater and the wider environ26
ment. This belief led to the intentional dumping of radioactive and toxic waste into
27
28
the soil. Later in the decade, a new generation of Hanford scientists began to challenge these myths. These
scientists risked their careers and often their safety to inform the public of the real hazards of Hanford’s
29
contamination (even today, whistleblowers still risk their jobs to expose safety concerns). In the last two decades, Hanford has made progress, but still has a long way to go to correct the extent of soil, groundwater, and
30
river pollution. Even though waste has not been intentionally dumped on the soil since the 1980s, contamination
31
continues to be a problem. Samples of soil in 2012 revealed cesium-137 and strontium-90 contamination.
32
Much of the soil in the Hanford area is sandy and does not have the capacity to hold a lot of liquid.
This means that the soil at Hanford retained many solid contaminants, but most liquid contaminants drained
33
into lower soil levels and groundwater. When contaminated soil debris is picked up by the wind it can be
carried long distances, thereby polluting neighboring ecosystems. One study found that airborne soil depos34
ited in Richland, WA contained plutonium from Hanford.

RUSSIAN THISTLE (SALSOLA TRAGUS)
Russian thistle, sometimes known as tumbleweed, is an invasive species (a plant
or animal that is alien to an ecosystem and whose introduction is likely to
cause economic, human health, or environmental damage in that ecosystem) in
Washington State. This plant is a particular nuisance at sites with buried radioactive waste because its taproot reaches down as far as 20 feet and sucks
35
up elements such as strontium and cesium. Each winter, the deep taproot
36
decays and the spiny brown skeleton aboveground breaks off and rolls away.
Radiation control specialists survey the tumbleweeds on the 560-squaremile Hanford Reservation using Geiger counters that click when radioactivity is
present. If contaminated tumbleweeds are found, they are corralled by specially
trained and clothed workers, tossed into a regulated garbage truck, compacted, and disposed of at an on37
38
site dump for low-level radioactive waste. At least 30 radioactive tumbleweeds were found in 2010.
Preventive measures are also part of the control program; they include spraying the area with herbicide
39
to kill the thistle. In order to block the formation of thistle roots, sometimes Biobarrier (a thick fabric
40
containing herbicides) is installed. In 2012, 4,087 acres at and surrounding Hanford were treated with
herbicides to help control Russian thistle and other noxious plants (plants that are alien, aggressively invasive,
41
42
and hard to control). Some areas will receive three or four pesticide treatments per year. While less than
43
1% of the tumbleweeds tested at Hanford are radioactive, the cost of cleanup can be millions of dollars.
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CHINOOK SALMON (ONCORHYNCHUS TSHAWYTSCHA)
Sometimes referred to as king salmon, Chinook are the largest
species of salmon. Adult fish can grow to over 4 feet and typi44
cally weigh 10 to 45 pounds. Young Chinook eat small inverte45
brates, while adults eat smaller fish. Their predators include orca
46
whales, bears, seals, large birds of prey, and people. When these
fish return from the ocean to spawn in the rivers where they were born, they bring with them millions of pounds
of ocean nutrients. Not only are Chinook an important food source for the animals and people who eat them, but
47
after they spawn their bodies remain and decompose, feeding insects, invertebrates, and forests.
The Hanford Reach is an undammed 51-mile stretch of Columbia River that supports 80% of the river’s
48
Chinook salmon population. Salmon born here are the only ones in the Columbia River that are not listed
49
as threatened or endangered. These salmon make up the river’s largest remaining wild Chinook salmon run
and one of the few remaining runs in Washington State. Because so many Chinook spawning grounds have
been lost, the Hanford Reach Chinook run is a major part of the reason that commercial salmon fishing still
50
exists over much of the Washington coast and well up into Alaska.
Radiation contamination along the Hanford Reach has always been a great worry. Plumes of radioactive waste have been slowly migrating through the aquifer toward the river, threatening critical fall Chinook
51
spawning and rearing areas. Some studies have found traces of radioactive and toxic chemicals leaking
52
from Hanford into the river.

MUD DAUBER WASP (SCELIPHRON CAEMENTARIUM)
53

Juvenile mud dauber wasps are predators and feed on insects and spiders. Adults
feed on spiders and the nectar of flowers—their favorites include parsnip and water
54
55
parsnip flowers. Birds, mammals, amphibians, and reptiles prey on mud daubers.
These wasps construct compact, clump-like mud nests comprised of side-by-side
56
mud cells. Their nests can be found on natural structures such as rock ledges,
cliff faces, or hollow parts of trees, or on human-made structures such as houses and sheds.
Workers at Hanford inadvertently created perfect ground cover for mud dauber wasps
to build their nests after they covered cleaned-up waste sites with fresh topsoil, sagebrush seedlings, and
57
straw to help the plants grow. Wasps moved in and built nests for their eggs in a 75-acre area around
58
the H reactor, pulling the mud from the bottom of a storage basin that once held radioactive nuclear fuel.
Invertebrates, such as the mud dauber wasp, concentrate radioactivity in their tissues at levels much higher
59
than the levels originally discharged into the environment.
In one 6-acre area on the Hanford site, the ground was so full of wasp nests that workers could bare60
ly walk without stepping on one. To clean up the radioactive mud left behind in these nests, workers were
61
forced to use excavators to dig up the area, including vegetation that had already been replanted. The
62
material was then placed in a container and taken to the onsite landfill for slightly radioactive wastes.
63
Workers replanted vegetation in the area at a cost of about $25,000.
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GREAT BASIN SAGEBRUSH (ARTEMISIA TRIDENTATA)
64

This bluish-grey perennial shrub grows from 1.5 to 5 feet tall. Great
Basin sagebrush provides nesting sites for many songbirds and provides food
65
for deer, moose, elk, antelope, and sage grouse. It is distributed from
Washington east to the Dakotas and south to California, Arizona, and New
Mexico—making it one of the most widespread and economically important
66
shrubs in western North America.
Sagebrush ecosystems have been identified as the most endangered
67
ecosystem type in the United States. Past and present land uses, invasive
species, and new fire patterns have negatively impacted this species of
68
sagebrush and its wider ecosystem.
In 2000, a car accident started a 3-day fire that burned 192,000 acres of sagebrush and grasslands
69
70
near Hanford. Studies of the charred sagebrush showed that the shrubs contained cesium and strontium.
Another sampling in 2012 revealed that uranium-234, uranium-238, cesium-134, plutonium-238, and ru71
thenium-106 had contaminated the sagebrush.

GREAT BASIN POCKET MOUSE (PEROGNATHUS PARVUS)
In eastern Washington, the Great Basin pocket mouse is
typically found in shrublands that contain sagebrush, bitter72
brush, greasewood, and rabbitbrush. At Hanford, pocket mice
73
frequently burrow into abandoned pocket gopher burrows.
These mice primarily eat the seeds of grasses, legumes,
borages, composites, nettles, and mustards, and in spring will
74
also eat insects and some green vegetation. Seeds are carried back to their burrows in their external
cheek pouches and are stored in underground chambers—making the pocket mouse an excellent source
75
of seed dispersal. Predators of pocket mice include owls, hawks, coyotes, foxes, weasels, skunks,
76
and snakes.
Mice have been finding their way into Hanford’s waste since the site was developed. In 2010,
contractors found four radioactive mice, which they traced back to water and soil contaminated by
77
material that had leached from old buildings. More than 60 mousetraps were set up in order to catch
78
the radioactive mice. A sampling of mice near Hanford showed that these mice contained both
79
cesium-137 and strontium-90.

5 Blowing in the Wind

102

© FACING THE FUTURE www.facingthefuture.org

Identity Cards,

page 5

FRUIT FLY (DROSOPHILA SUZUKII)
Fruit flies are attracted to ripened fruits and vegetables in the kitchen, but
they also will breed in other moist, organic areas such as drains, garbage disposals,
empty bottles and cans, and trash containers. Ants, spiders, birds, and frogs are
fruit fly predators.
Invertebrates, such as fruit flies, concentrate radioactivity in their tissues
80
at levels much higher than the levels originally discharged into the environment.
In 1998, workers with Geiger counters (a device that clicks when radioactivity is
present) detected hot spots (areas with higher concentration of contaminants) in
81
a dumpster full of old cantaloupe rinds. Technicians were sent out to investi82
gate and they discovered that fruit flies were the source of the radioactivity.
The contaminated flies were traced back to a box storing used equipment that contained radioactive
83
material, which had been sealed with a sugar-based coating. The flies ate the sealant and flew into the
84
dumpster. This incident alone required 35 tons of trash from Hanford to be dug up from a landfill in the
85
city of Richland and returned to Hanford for disposal. Hanford’s fruit fly fiasco came with a price tag of
86
$2.5 million.

ROCKY MOUNTAIN MULE DEER (ODOCOILEUS HEMIONUS HEMIONUS)
Mule deer inhabit areas east of the Cascade Mountains in Washington, pre87
ferring to live in open forests and sagebrush meadows. Mule deer are the
largest deer in the state—bucks weigh up to 250 pounds, while does weigh
88
between 120 and 170 pounds.
Deer eat a wide variety of plants, including sagebrush and rabbitbrush,
89
the growing tips of trees, and shrubs. In late winter and early spring they
90
eat grass, clover, and other herbaceous plants. Cougars, bears, coyotes,
and domestic dogs prey on adult deer, while eagles and bobcats prey
91
on fawns.
Deer living around Hanford have accumulated strontium in their bones
92
from eating contaminated plants. The contamination varies widely among
93
different deer populations because of their differing diets. A 2012 sampling of deer living near Hanford
94
found aluminum, cadmium, chromium, copper, manganese, selenium and thorium in their livers. Additionally,
testicular atrophy and sterility have been observed in some male mule deer on the Hanford site. To date,
95
no cause has been determined for these health issues.
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NORTHERN POCKET GOPHER (THOMOMYS TALPOIDES)
Northern pocket gophers, with their strong claws, short limbs,
and sharp, fast-growing incisors, have evolved to be fosso96
rial (live in underground tunnels). These gophers primarily eat
grasses and herbs and will stuff excess food into their external
97
cheek pouches. Badgers are the main predators of northern
pocket gophers, but coyotes, skunks, weasels, bobcats, foxes, and
98
large birds of prey will also eat them.
99
These gophers can dig tunnels nearly 500 feet long! At hazardous waste sites, like Hanford, these
gophers can create environmental damage that requires costly remediation when they excavate and redistribute buried nuclear wastes. Gophers were evident around the buried waste sites of areas 100, 200,
and 300, and on the soil overfill atop the waste sites of areas 200 and 300—during one site visit, 198
100
gopher burrows were counted.
In 1996, the first pocket gopher was sampled for radiation contamination. This gopher was found to
101
have radioactive strontium concentrations approximately 1,000 greater than in the surface soil!

YELLOW STARTHISTLE (CENTAUREA SOLSTITIALIS)
Yellow starthistle grows 18 to 36 inches tall and its flowers have a star-like
102
arrangement. The plant has deep taproots, winged stems, and a covering of thin
103
white, woolly hairs. Yellow starthistle seeds are known to remain viable for 10
104
years in the soil.
Yellow starthistle is the most rapidly expanding noxious weed infestation in
105
the western United States. A noxious weed is a plant that is non-native, aggressively invasive, and hard to control. Noxious weeds degrade ecosystems unless
control measures are taken. Since 1995, yellow starthistle has been the highest
priority weed for the Hanford site noxious weed control program because this
species has the potential to invade the entire site and have a dramatic impact
106
on the ecology of the area and neighboring lands.
107
Pesticides and hand weeding are being used to control yellow starthistle at Hanford.
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AMERICAN BADGER (TAXIDEA TAXUS)
The American badger ranges from British Columbia, Canada to south108
ern California and across the western United States. In eastern
Washington, male badgers typically have a range of 5.6 square miles,
109
while females have a range of 3.7 square miles. Due to habitat
loss and human-related threats, the American badger is listed as a
110
Species of Greatest Conservation Need in Washington.
These open habitat specialists occupy shrubland, grassland,
111
112
and occasionally open forest habitats. Since American badgers live underground, they require deep soils.
113
At Hanford, badgers are known to burrow into abandoned pocket gopher burrows. Badger burrows provide
114
shelter for many other species and their digging aids in soil development.
Dominant prey species for badgers include pocket gophers, ground squirrels, moles, marmots, prairie dogs,
115
woodrats, kangaroo rats, deer mice, and voles. Badgers catch most of their prey by tunneling after ground
116
dwelling rodents at amazing speeds. They will also prey on ground nesting birds, such as bank swallows
and burrowing owls; lizards; amphibians; carrion (decomposing animals); fish; hibernating skunks; insects, includ117
ing bees; and some plant foods, such as corn and sunflower seeds.
Humans are the primary predators of badgers through trapping and hunting, and they further threaten
118
badger populations by habitat destruction, automobile fatalities, and intentional poisoning by people. Other
119
predators include golden eagles, bobcats, cougars, coyotes, bears, and gray wolves.

COYOTE (CANIS LATRANS)
120

At first glance, coyotes resemble a small German shepherd dog.
They have shorter, bushier tails that are carried lower than their
121
dog cousins’ tails. Adult male coyotes weigh 20 to 35 pounds,
122
while females are slightly smaller.
Coyotes are very clever and have learned to adapt to a wide
range of habitats. In Washington, coyotes occupy almost every habitat
123
type, from open ranch country to densely forested areas to downtown waterfront. Females typically dig
124
dens with a diameter of 1 to 2 feet and a depth of 5 to 15 feet. At Hanford, coyotes often burrow
125
into abandoned pocket gopher burrows. Their adaptability has allowed them to thrive at a time when many
126
other species are suffering due to habitat loss; coyote populations today are probably at an all-time high.
Coyotes are extremely versatile predators and scavengers. They will eat mice, rats, gophers, mountain
127
beavers, rabbits, squirrels, snakes, lizards, frogs, fish, birds, and carrion (decaying animals). Along the shoreline
128
of the Columbia River, they have even learned to capture fish! At Hanford, they are important predators of
129
130
nesting geese and mule deer fawns. During summer and fall they will forage for grass, fruits, and berries.
131
These opportunistic eaters will also eat pet food, garbage, garden crops, livestock, poultry, and housecats.
Near Hanford, coyote scat (waste) frequently set off Geiger counters used to detect radioactivity, since
132
the coyote’s prey is often contaminated from exposure to radioactive soil and water. Scat of animals in higher
133
trophic levels is a useful way to measure and detect the contaminants in animals of lower trophic levels.
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BANK SWALLOW (RIPARIA RIPARIA)
Bank swallows eat insects, including ants, bees, wasps, flies, beetles, may134
flies, dragonflies, moths, and butterflies. These small birds are the prey of
prairie falcons and American kestrels that nest in the same areas as the
135
swallow.
These long-distance migrants begin their journey to South America soon
136
after their young become independent, in late July or early August. They
137
are typically found in open areas with sand banks near water or wetlands.
Since the banks in which they nest are often unstable and easily eroded,
bank swallows have learned to adapt well to new surroundings and colonize
138
areas quickly. Along the Columbia River, there is a large breeding area
139
with an estimated 10,000 back swallow burrows.
140
In 1956, a group of swallows were discovered using radioactive mud for their nests. These swallows
141
had scattered the tainted mud along their flight paths, which extended across the Columbia River.

DEER MOUSE (PEROMYSCUS MANICULATUS)
Deer mice are typically 4.7 to 8.7 inches long and weigh be142
tween 0.4 and 0.8 ounces. This nocturnal species spends
most of its time on the ground although it is also adapted for
143
climbing. Their nests are constructed just below ground level
144
or in a burrow abandoned by another animal. A typical deer
145
mouse has a range between 794 and 9,843 feet.
Deer mice eat insects, other invertebrates, seeds, fruits, flowers, nuts, and other plant products; some146
times, they may even eat their own feces. These mice help disperse the seeds of a number of species
147
of plants and the spores of mycorrhizal fungi. Deer mice are a staple in the diet of a wide variety of
148
animals including snakes, owls, and various carnivorous mammals.
Mice have been finding their way into Hanford’s waste since the site was developed. In 2010, contractors found four radioactive mice, which they traced back to water and soil contaminated by material that
149
had leached from old buildings. More than 60 mousetraps were set up in order to catch the radioactive
150
mice. A sampling of mice near Hanford showed that these mice contained both cesium-137 and stron151
tium-90.
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BOBCAT (LYNX RUFUS)
Adult male bobcats weigh 20 to 30 pounds and average 3 feet in
length, while females are considerably smaller and typically weigh less
152
than a large housecat. Bobcats of eastern Washington tend to be a
153
light buff color.
These felids (members of the cat family) can be found in a variety
154
of habitats, including forests, semi-deserts, mountains, and brushland.
In eastern Washington males have home ranges of 2.5 to 6 square miles, while females have about half
155
that range. Bobcats are fiercely territorial and may fight to the death if another bobcat enters
156
their territory.
Bobcats are opportunistic and will prey upon a wide variety of animals, including mice, voles, rabbits,
157
gophers, mountain beavers, yellow-bellied marmots, and fawns. Occasionally, they will also eat insects,
158
reptiles, birds, carrion, house cats, chickens, ducks, turkeys, small pigs, and lambs. Few predators, other
159
than cougars and humans, are able to kill a mature bobcat. Young bobcats are preyed on by eagles, great
160
horned owls, coyotes, foxes, bears, and in some cases adult male bobcats.

BURROWING OWL (ATHENE CUNICULARIA)
161

Burrowing owls are light brown and long-legged, standing 9 inches tall. These
162
owls prey on large invertebrates, small mammals, and other birds. Their preferred
habitat is flat, open terrain with soft soil, short grass, and sparsely-distributed
163
vegetation or exposed ground.
These owls live in loose colonies and are frequently seen along the banks of
164
irrigation canals. Burrowing owls in Washington do not build their own burrows, but
165
instead use burrows created by badgers, prairie dogs, and ground squirrels. Owls
that breed in Washington migrate south to California and occasionally as far south
166
as Mexico.
Unfortunately, burrowing owls are in serious trouble due to habitat loss, destruction of available nesting burrows, and the conversion of shrub-steppe areas to
167
agriculture. They are currently listed as a federal species of concern, meaning
168
that the species is declining or appears to be in need of concentrated conservation actions.
Given their status, the burrowing owls at Hanford are regularly monitored. In 2012, 13 previously
undocumented natural burrows were discovered at Hanford—making a total of 39 active burrows
169
(23 natural burrows and 16 artificial burrows).
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PORCUPINE (ERETHIZON DORSATUM)
Porcupines are about 25 to 36 inches long, have an 8- to 10-inch-long
170
tail, and weigh between 12 and 35 pounds. These rodents, with their
long claws and excellent balance, are great climbers. Porcupines are
relatively common near the Columbia River, and seek shelter in brush and
171
Russian thistleweed. Porcupines are intelligent, rapid learners with
172
good memories.
173
One porcupine can have up to 30,000 quills! Each quill has microscopic barbs that drive them deeper into the flesh of unlucky predators, which include coyotes, badgers,
174
175
and bald eagles. Native Americans used their quills to make quill boxes, jewelry, and other works of art.
During winter, porcupines eat the inner bark of many types of bushes and trees. During other seasons,
they will chew on foliage, twigs, fruits, nuts, berries, flowers. Woody vegetation along the Columbia River has
been identified as a pathway that draws Hanford contaminants from groundwater into the surface environ176
ment. To get calcium, porcupines chew on deer and elk antler.
Porcupines, with their limited home range (12 to 62 acres) and long life span (15 years) make an
177
excellent indicator of contamination. A 2012 sampling of porcupines living near Hanford revealed stron178
tium-90, copper, manganese, selenium, and zinc in their bodies and/or quills.

GOPHER SNAKE (PITUOPHIS CATENIFER)
Gopher snakes range from 70 to 108 inches in length and have relatively large heads, narrow necks, and large eyes in comparison to other
179
species of similar body length. Their color patterns vary regionally and
180
mimic the colors of the dominant cover vegetation.
The gopher snake has a wide range that stretches from southwest181
ern Canada to northern New Mexico. Not only is the snake distributed
throughout a large range, but it also lives in a variety of habitats, including woodlands, deserts, agricultural
182
areas, prairies, chaparral, and shrublands. Although gopher snakes are typically found near moist habitats,
such as marshes and moist woodlands, they prefer to spend most of their time in open areas, such as grass183
land and forest edges.
The gopher snake’s typical prey includes gophers, voles, mice, kangaroo rats, ground squirrels, and young
184
185
rabbits. On occasion, gopher snakes will also eat bats, birds, eggs, and insects. Predators include foxes,
186
red-tailed hawks, coyotes, and large king snakes.
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HARVESTER ANT (POGONOMYRMEX OCCIDENTALIS)
This species of ant is red or reddish brown and ranges in size from 0.2 to
187
0.3 inches. It is most easily recognized by its psammophore (beard under the
188
chin), which is used as an aid in digging for seeds. Typically, these ants feed
189
on seeds of grasses and various weeds.
Harvester ant workers keep their nest area devoid of vegetation to regu190
late underground temperature. Their mounds are composed of fine gravel and
191
are often built in the center of the cleared nest area. Typically, their nests
are 3 feet deep and have 1 to 3 entrances. Over the lifespan of a colony,
192
harvester ants can dig to depths of 9 feet and transport up to 7 pounds of soil to the surface.
In 2004, contaminants from Hanford were discovered in two different ant mounds in the 200-East
193
194
area. After discovering the ant mounds, Hanford officials sprayed the area with pesticides. In another
195
case, this ant species was thought to have exhumed radioactive waste buried 15 feet deep! Harvester
ants tend to build nests near disturbed areas, so efforts to deter them away from nuclear waste sites are
196
often ineffective.

ASIAN CLAM (CORBICULA FLUMINEA)
Chinese immigrants introduced this species to the United States in 1939
197
as a food source. Young Asian clams are very oval, while adults become
198
more triangular in shape. The color of their outer shell changes as they
age: the outer layer is cream to light yellowish-olive in immature clams,
199
tan and olive in mature adults, and dark brown and black in old clams.
200
Bivalves (a mollusk with a hinged shell) make their own shells. An
internal organ called the mantle secretes calcium carbonate so that as the inner invertebrate grows, the
201
outer shell provides a roomier home. These clams can be found in rivers at the sediment surface or
202
slightly buried.
203
The Asian clam is a filter feeder that removes particles from the water column. Common preda204
tors include fish and crayfish. Occasionally, black buffalo, birds, raccoons, and flatworms will eat these
205
clams.
206
Asian clam is used as an indicator of Hanford’s biological impact on the Columbia River. After studying clam flesh, shells, and water samples from the river, researchers discovered that strontium is present in
207
208
the Columbia River. This and several other studies contradict the findings of Hanford officials.
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WHITE MULBERRY (MORUS ALBA)
Typically, white mulberry trees grow between 30 and 60 feet tall and
209
have a trunk diameter between 1 and 2.5 feet. These trees produce
210
cylindrical fruits called drupes. Drupes are eaten and dispersed by
211
deer, squirrels, raccoons, chipmunks, wild birds, and poultry. Mulberry
212
leaves also are used as cattle fodder. In the winter, porcupines will
213
eat the bark of white mulberry trees.
The white mulberry tree is native to China and is a favorite food of
silkworms. It was introduced to North America in the 1600s to promote
214
the silk industry. In Eastern Washington, mulberries are found in riparian forests (a forested area
215
of land adjacent to a flowing body of water), including areas along the Columbia and Snake Rivers.
Although these trees generally grow at relatively low densities, white mulberry has the potential to
216
exclude native vegetation when it grows in dense thickets.
217
Their root systems have been known to grow up to 13 feet deep and 42 feet laterally.
White mulberry trees have a long life span—there are records of 150-year-old trees in Greece
218
and a 120-year-old tree in Utah!
A 2012 sampling of mulberry bark around Hanford revealed aluminum, chromium, copper, manganese,
219
selenium, zinc, uranium, and strontium-90 contamination from Hanford byproducts.

GRAY RABBITBRUSH (ERICAMERIA NAUSEOSA)
This shrub is native throughout western North America from Saskatchewan
220
to Texas and west to the Pacific coast. It thrives in areas that have
been recently disturbed and its deep root system allows it to do well in
221
habitats with minimal water.
Rabbitbrush flowers are grazed by wildlife and livestock, its twigs are
222
browsed by deer, and its leaves are eaten by rabbits. Its silvery foliage
223
and yellow flowers attract butterflies and other pollinating insects.
224
The shrub also provides shelter and habitat for small mammals and birds.
Rabbitbrush is prized for its ability to help restore degraded habitats, especially in cases of overgrazing
225
226
or strip mining. Its abundant leaf litter helps recycle soil nutrients and it regrows quickly after fires.
Uranium-234, uranium-238, cesium-134, plutonium-238, and ruthenium-106 were detected in
227
rabbitbrush samples from Hanford in a 2012 study.
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PACIFIC LAMPREY (ENTOSPHENUS TRIDENTATUS)
Lampreys are a primitive group of fishes that lack jaws
228
and paired fins. They have a round sucker-like mouth,
no scales, no true bones, and breathing holes instead of
229
gills. After spending 1 to 3 years in the ocean, Pacific
230
lampreys migrate to freshwater between February and June.
They are thought to overwinter and remain in a freshwater habitat for
approximately one year before spawning.
Adult Pacific lampreys feed on a variety of fish including Pacific salmon, flatfish, rockfish, and pol231
232
lock. Their predators include sharks, sea lions, and other marine animals. Historically, Pacific lampreys
were important for food and medicinal purposes to Native American tribes in the mid-Columbia River Pla233
teau, and they remain important for traditional tribal cultural practices.
Pacific lamprey is listed by the U.S. Fish and Wildlife Service as a Federal Species of Concern and is
234
listed as a State Monitor species by the Washington Department of Fish and Wildlife. Since the mid235
1960s, the population of Pacific lamprey in Northwest streams has decreased dramatically. In 1966,
236
nearly 48,000 lampreys were counted at Winchester Dam on Oregon’s Umpqua River. By 2001, the
237
count dropped to 34! At Ice Harbor Dam on the lower Snake River, nearly 50,000 were counted in
238
1963, but by 2001 the count had dropped to 203. Impeded passage at dams, overharvesting, degraded
239
habitat, and chemicals used to control non-native fish have contributed to the decline of lampreys.
Pacific lamprey is regularly monitored due to its listed status, regional decline, cultural importance, and
240
potential utility as an indicator species for contaminant uptake. In 2012, aluminum, chromium, copper,
manganese, lead, antimony, selenium, thorium, uranium, zinc, and nickel byproducts from Hanford were detect241
ed in lamprey samples.
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WIND
The Hanford area is subject to periodic winds that reach up to
242
73 mph. These windstorms were nicknamed “termination winds”
because in Hanford’s early days the fierce dust storms introduced
large amounts of sand and grit into the area and compelled many
243
workers to quit their jobs.
Not only do these winds carry lots of sand and grit into the area, but they also disperse radiation
to other communities. Throughout a 40-year period, Hanford intentionally released radiation into the air
244
through its 200-foot smoke stacks! Due to these releases and different wind and rain patterns, people
living farther away from Hanford could have received higher levels of radiation exposure than people living
245
nearby. In 1949, workers released a large amount of iodine-131 and other radionuclides (atoms with an
246
unstable nucleus) into the air in an event known as the Green Run. During this release, the wind slowed
down over Walla Walla for several days before carrying the remaining radioactive material toward Spokane,
247
Northern Idaho, and Canada.
Weather around Hanford played an important part in creating hot spots (areas with higher concentra248
tion of contaminants). Hot spots can be created when (1) winds cause plumes to combine together, (2)
winds become calm causing the plume to stay in one area, (3) winds encounter precipitation and cause
249
contamination to fall to the earth, and (4) winds hit the side of a hill or mountain. Hanford’s radiation
releases took up to several hours to complete, during which time the wind direction could change, sending
250
pollution in multiple directions.
251
Deposits of iodine-131, a radioisotope of iodine, have turned up in milk downwind of Hanford. Once
252
I-131 is blown onto pasture grass, it contaminates cows and their milk. Once humans ingest the contami253
nated milk, I-131 is concentrated in the thyroid, which can increase the risk of thyroid cancer. Air sampling is frequently conducted near Hanford. In 2012, uranium-234, uranium-238, and plutonium-239/240
254
were all detected.
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Table 1: Summary of uncontaminated and contaminated food by trophic level
Trophic Level

Total number of
animals

Total amount of food
without contaminants

Total amount of food
with contaminants

Primary Consumers

Secondary Consumers

Tertiary Consumers

Table 2: Average and percentage of uncontaminated and contaminated food by trophic level
Trophic Level

Average amount
of food without
contaminants

Percentage of
food without
contaminants

Average amount
of food with
contaminants

Percentage
of food with
contaminants

Primary Consumers

Secondary
Consumers

Tertiary Consumers

1. Describe any trends in Table 1 and Table 2. Why do you think these trends might be occurring?
		_____________________________________________________________________________________________________________
		_____________________________________________________________________________________________________________
		_____________________________________________________________________________________________________________
		_____________________________________________________________________________________________________________
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2. Some contaminants can concentrate in organisms in a process called bioaccumulation. In order for
bioaccumulation to occur, an organism must ingest or absorb more contaminants than it excretes.
Does Table 1 exemplify bioaccumulation? How does it, or how does it not?
		_____________________________________________________________________________________________________________
		_____________________________________________________________________________________________________________
		_____________________________________________________________________________________________________________
		_____________________________________________________________________________________________________________
3. When contaminants are discharged into air, water, or soil, their concentrations are typically low.
These contaminants can then be picked up by primary consumers, where they accumulate in the
tissues or bones of these animals (bioaccumulation). Secondary consumers receive a higher dose
of contaminants because of the accumulation resulting from eating many primary consumers
during their lifespan. Tertiary consumers receive an even high dose of accumulated contamination
as a result of eating many secondary consumers during their lifespan. This process is referred to as
biomagnification. Draw a picture to illustrate the process of biomagnification in a food web.

4. Does Table 2 exemplify biomagnification? How does it, or how does it not?
		_____________________________________________________________________________________________________________
		_____________________________________________________________________________________________________________
		_____________________________________________________________________________________________________________
		_____________________________________________________________________________________________________________
5. Explain how the following figure exemplifies both bioaccumulation and biomagnification.
		_____________________________________________________________________________________________________________
		_____________________________________________________________________________________________________________
		_____________________________________________________________________________________________________________
		_____________________________________________________________________________________________________________
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Clam Contamination
Mercury occurs naturally in Earth’s crust, but it can
also be released into the environment from
volcanic activity, the weathering of rocks, and as a
result of human activity. Coal-fired power plants,
burning coal for residential heating and cooking,
industrial processes, waste incinerators, and mining
for metals can all emit mercury into the environment.
Once in the environment, mercury can be transformed by microorganisms into methyl mercury.
During the years of Hanford’s operation, heavy metals, including mercury, were
255
discharged into the soil.
In humans, methyl mercury may have toxic effects on the nervous, digestive, and
256
immune systems, as well as on lungs, kidneys, skin, and eyes. Methyl mercury can
cause deformities in developing animals, and at high levels can cause death, reduced
257
reproduction, slower growth and development, and abnormal behavior.
Mercury and a number of other heavy metals have been identified at Hanford as
potential contaminants of concern, especially in areas where contaminated groundwater
258
enters the Columbia River. Organisms can accumulate methyl mercury by drinking
water, ingesting soil, and eating food from both plant and animal sources that have been
exposed to metals in the soil, air, and water. Methyl mercury can biomagnify in animals
at higher trophic levels.
Methyl mercury has been detected in some aquatic animals living
in and near Hanford. Near the Columbia River, fish and shellfish,
including the Asiatic clam, have shown varied levels of methyl
mercury contamination (see Table 1). Further studies are being done
on other aquatic animals to examine their levels of contamination.
Table 1: Accumulation of Methyl Mercury in Asiatic Clams along the
259
Columbia and Willamette Rivers
Clam Sample

Methyl Mercury Level
(nanogram/gram)

Methyl Mercury Concentration

Subgroup 1

171

High

Subgroup 3

21.4-40.2

Moderate

Subgroup 5

0-40

Undetectable
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Individuals take on the roles of

different stakeholder groups, including the Yakama
Nation, Hanford whistleblowers, injured workers,
fishers, and the general public. These different
stakeholders come together in a Community
Advisory Group meeting to identify common
problems and propose a vision for Hanford’s future.
The class concludes by developing a Community
Advisory Group mission statement.

MEDIAWIJZER.NET | FLICKR.COM

Lesson

Envisioning
Hanford’s Future

IAEA IMAGEBANK | FLICKR.COM

Objectives
Students will:
• Identify Hanford’s stakeholders and take on
the perspectives of these people.
• Determine ways that diverse stakeholders
can work together to solve a problem.
• Experience a real-life example of the community development process.

Inquiry/Critical Thinking Questions
• How might different groups of people perceive and understand a problem or solution
differently?
• How can stakeholders work together to solve
their common problems?
• How does the process of voicing group concerns in front of other stakeholders help to
solve issues in a community?

Time Required
50 minutes

Key Concepts
• community development—The process
of building ties between people to create a
network that can successfully adapt to challenges or opportunities.
• Community Advisory Group—A committee, task force, or board made up of residents
of a community. Community Advisory
Groups enhance public participation in governmental decision-making by providing a
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public forum where community representatives can discuss their diverse interests, needs,
and concerns.
• mission statement—A short statement
describing the reason an organization or program exists. Mission statements are used to
help guide decisions about priorities, actions,
and responsibilities.
• stakeholder—A person who has an interest
in something, such as a business or community, and is affected by its well-being.

Supporting Vocabulary
These definitions are provided to help expand
class discussions and provide additional background information for you and your class. Not
all of these vocabulary words are used explicitly
in this lesson.
• civic participation—Individual or community participation in decisions on issues that
affect public life.
• community—A group of people that share
some commonality, often based on where
they live (the Minneapolis community),
what they do (the student community), a
shared social characteristic (the CubanAmerican community), or shared interests
(the small business community).
• nuclear waste—Radioactive material generated from nuclear weapons and the operation of nuclear power stations. Low-level
wastes can be disposed of relatively easily
but highly radioactive material requires very
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costly methods of storage that, because of
the long half-life of some waste, must last for
thousands of years.
• radiation—A type of energy given off by
nuclear fission that can damage cells, cause
cancer, and may lead to death.
• Superfund site—A hazardous waste site
that may threaten local ecosystems or
human health and has been placed by the
U.S. Environmental Protection Agency on
the National Priorities List of polluted sites
requiring cleanup.

U.S. Standards Correlation
• State and national standards: Visit our
Standards Correlation Tool at
www.facingthefuture.org/CurriculaFreeUnits/StandardsCorrelations

Materials/Preparation
Cards: Stakeholder Cards, 1 per student,
cut before class
Handout: Envisioning Hanford’s Future,
2 per group of 5
Butcher paper: 1 piece per group of 5
Markers: 1 set per group of 5
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Background Information
for Educators
There are many different kinds of communities, including school communities, local
communities, ethnic communities, and global
communities. These communities can be a
powerful force for change when their members
work together. One way to develop community is by involving more people in civic
participation, especially those who have not
traditionally had a role in making the decisions
that affect their lives. Civic participation is the
engagement of citizens in both individual and
collective decisions on issues that affect them
publicly. This type of participation can range
from attending public meetings, volunteering
with an organization that feeds the homeless,
or becoming involved in a political campaign.
Community Advisory Groups (CAGs) are
one example of civic participation. CAGs offer
people that have been or will be affected by
Superfund cleanups a public forum to present
and discuss their needs and concerns related
to the Superfund decision-making process.
CAGs are made up of representatives from
the community with diverse interests. A CAG
can assist the U.S. Environmental Protection
Agency in making better decisions on how to
clean up a site and can provide the EPA with
a unique opportunity to hear and consider
community preferences for site cleanup and
remediation.1
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Activity
Introduction
1. Share with the class that stakeholders are
people who have an interest in something,
such as a business or a community, and are
affected by its well-being.

2. Ask the class to brainstorm stakeholders
that may have been negatively affected
by the Hanford Nuclear Reservation.
(Some answers might include farmers
who were evicted from their land; fishers;
members of the Umatilla tribe, Cayuse tribe,
Walla Walla tribe, and Yakama Nation;
whistleblowers; injured workers; victims of the
Hiroshima and Nagasaki bombings, etc.)

		Note: If you have not completed Lesson 4
or 5, share with students that the Hanford
Nuclear Reservation is one of the biggest
Superfund sites in the United States. This
site is located near the Columbia River in
southeastern Washington State and was
part of the secret Manhattan Project to
develop atomic weapons for World War II.
Some of Hanford’s stakeholders include
farmers who were evicted from their
land; fishers; members of the Umatilla
tribe, Cayuse tribe, Walla Walla tribe, and
Yakama Nation; whistleblowers; injured
workers; and victims of the Hiroshima and
Nagasaki bombings.
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3. Share with the class that stakeholders
in the Hanford cleanup have a common
interest in protecting the environment
and human health by cleaning up all
the nuclear waste. One way that these
stakeholders can work together is by
joining or forming a Community Advisory
Group. Community Advisory Groups
encourage the public to participate in
governmental decision-making processes
by providing a forum for community
members to discuss their diverse interests,
needs, and concerns. Community Advisory
Groups have been formed at some
Superfund sites and give stakeholders
an opportunity to present and discuss
their needs and concerns related to the
Superfund decision-making process.
4. In Think-Pair-Share format, ask students
to discuss the following questions:
• How might different groups of people
perceive and understand a problem or
solution differently?

• Why might it be beneficial to include
multiple stakeholders and multiple perspectives in decision-making processes?

• How might stakeholders in a Hanford
Community Advisory Group work together to solve their common problems?

5. Ask a few pairs to share their ideas.
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Steps
1. Tell the class that today everyone will
learn about different stakeholders affected
by the Hanford Nuclear Reservation and
attend a Community Advisory Group
meeting. At this meeting, participants will
try to identify common issues amongst
stakeholder groups and propose solutions
to these issues. The Community Advisory
Group will also be tasked with crafting
a vision of what they want the Hanford
community to look like.
2. Divide the class into groups of 5.

3. Distribute Stakeholder Cards to groups,
giving each student in a group a different
card.

		Option: Allow students to choose which
stakeholder group they would like to
represent: whistleblowers, injured workers,
members of the Yakama Nation, the
general public, or fishers. If necessary,
reassign students so that groups are equally
sized.

4. Share with students that these cards do not
represent all of Hanford’s stakeholders and
that some people may fall into multiple
stakeholder groups.

5. Give students a few minutes to read their
card aloud to their group and summarize
the issues affecting their stakeholder group.
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6. While students are reading, give each
group a sheet of butcher paper and a set of
markers.

7. Once students have finished reading their
cards aloud, designate 1 student to be the
facilitator and 1 to be the note-taker within
each group. The facilitator will make sure
that everyone understands the activity and
that all participants in the group have a
chance to share their opinion. The notetaker will summarize and write down ideas
shared by group members. More specific
directions are included on the handout
Envisioning Hanford’s Future.
8. Give a copy of the handout Envisioning
Hanford’s Future to each facilitator and
note-taker and have them go over the
ground rules with the group.

9. Share with the class that they will have 20
minutes to work through the handout.

11. When time is up, share with students that
each group will now have a few minutes to
summarize their issues and vision for the
future. While groups are presenting, the
audience should take notes on issues and
visions that groups have in common. After
each group has presented, the class will
create a mission statement for a Hanford
Community Advisory Group.

		Extension: Hold a summit in which the
Community Advisory Groups present
their problems and proposed solutions to
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the Hanford Advisory Board. Students
could create a draft budget for their
proposed solutions and lobby to have these
projects funded by the Hanford Advisory
Board. www.hanford.gov/page.cfm/hab

12. After groups have presented their issues
and vision for the future, ask for a
volunteer to describe or define the term
mission statement.

• mission statement—A short statement
describing the reason an organization
or program exists. Mission statements
are used to help guide decisions about
priorities, actions, and responsibilities.

13. Share with the class the following mission
statement from the Portland Harbor
Community Advisory Group: “To ensure
a Portland Harbor Cleanup that restores,
enriches, and protects the environment for
fish, wildlife, human health, and recreation,
through community participation.”

14. As a class or in their small groups, have
students create a mission statement for a
Hanford Community Advisory Group that
addresses each of the stakeholder’s issues
and goals.
15. Conclude this activity with one or more of
the following discussion questions.

Discussion Questions
1. What role might Community Advisory
Groups play in the cleanup of Superfund

6 Envisioning Hanford’s Future

sites other than Hanford? How might
Community Advisory Groups help address
other community issues besides Superfund
cleanups?

2. Why is it important to represent the
voices of many different stakeholders in
the community? What might happen if
certain community stakeholders do not
participate in making decisions that affect
the community?
3. Which stakeholders were missing from
today’s activity? (Answers might include
taxpayers, the U.S. Department of Energy,
the U.S. Environmental Protection Agency,
advocacy groups, etc.)

4. As community members, are we
responsible for engaging in civic
participation (individual or community
participation in decisions around issues
that affect public life)? Why, or why not?
5. How might civic participation be used
to improve our school? Our community?
What role can you play?

Lesson Extensions
Art Extension
Have students create a poster that illustrates
the vision of Hanford that their Community
Advisory Group developed. Students should
include the social, economic, and environmental components that their group discussed.
Students could make their poster by hand,
using software such as Adobe Photoshop or
Microsoft Publisher, or using online tools like
www.canva.com or www.inkscape.org.
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Civics Extension
Let your voice be heard in local Superfund
cleanups! The EPA’s Superfund community
involvement program aims to encourage and
enable community members to get involved in
the Superfund cleanup process. The following
websites provide resources such as community
grants, training materials, and videos about
getting involved in the cleanup process.
If your city or town is located near a
Superfund site, find out if a Community
Action Group (CAG) has already been established to address your community’s needs. If
a CAG has already been established, create
a campaign to inform community members
of upcoming meetings and agenda items. If a
CAG has not been established, you and your
students can create one to inform your community about the cleanup process and encourage members to get involved.
Community Involvement: www.epa.gov/
superfund/community/index.htm

Community Advisory Groups: www.epa.gov/
superfund/community/cag/whereare.htm

Environmental Justice/Writing Extension
The Hanford Reach is an undammed, 51-mile
stretch of Columbia River that supports 80%
of the river’s Chinook salmon population.2
Salmon born here are the only ones in the
Columbia River that are not listed as threatened or endangered.3 These salmon make up
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the river’s largest remaining wild Chinook
salmon run, and one of the few remaining
runs in Washington State. Because so many
Chinook spawning grounds have been lost, the
Hanford Reach Chinook run is a major part of
the reason that commercial salmon fishing still
exists over much of the Washington coast and
well up into Alaska.4
The fourteen Confederated Tribes of the
Yakama Indian Nation and the Confederated
Tribes of the Umatilla Indian Reservation are
concerned about a host of contaminants in the
Columbia River, which is “heavily laden with
heavy metals from mining, agricultural chemicals from intensive orchards and vineyards,
radionuclides from Hanford, runoff from dairy
farms, and PCBs from a variety of sources.”5
As Chief Johnny Jackson, a Columbia
River Indian chief, elaborates:6
I’m from the Columbia River. I’ve lived
there all my life. I was born and raised there.
I’m a fisherman. My family have all been
fishermen...Many of my people today are
dying of cancer as well as diabetes...and we
talk about cleaning up the area and cleaning
up the water and the air, but nobody talks
about what is happening up at Hanford
and what’s happening to the soil and the
water at Hanford, and what it’s doing to our
river...We’re fishing people. Fishing is our
life and fish is our food, but we don’t know
what they’re swimming through when they
are going back up that river. I think it’s a
great injustice until somebody does something about it and cleans that river up and
© FACING THE FUTURE www.facingthefuture.org
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stops pollution at Hanford.
While trying to protect indigenous people
from the health effects of eating contaminated
fish, the EPA also needs to account for the cultural, religious, and subsistence importance of
fishing. Have students write an essay in which
they answer the following question: How can
the government work with indigenous people
living near the Hanford Reach to evaluate and
improve the health of fisheries, while respecting and supporting indigenous people’s traditional diet, culture, and religion?
For additional information, encourage
students to:
• Interview members of the Yakama Nation
Fisheries program:
http://yakamafish-nsn.gov

• Connect with the Umatilla Indian
Reservation Fisheries department:

http://ctuir.org/tribal-services/naturalresources/fisheries

• Read pages 17-23 from

http://water.epa.gov/scitech/swguidance/
fishshellfish/techguidance/upload/
2008_08_13_fish_forum_1999_1999.pdf

We came here in ‘29 and settled near White Bluff
Dug a farm from sagebrush, Lord, those years were mighty tough
But Uncle Sam bought all our lands, said it’d help the war to end
Soon our farms were blown away by termination winds
The desert wind can blow here ‘til you’ve almost lost your mind
Sand will fill your mouth and nose and eyes ‘til you’re half blind
Some folks dig in deeper and just pray the storm will end
Others pack their bags and leave these termination winds
I went to work for Hanford, that was nineteen forty-three
What we labored hard to build remained a mystery
The land was torn up pretty bad and the dust storms would begin
Folks stood all day to draw their pay & leave—termination winds
Well, things are changing fast these days, the old plants have shut down
Some folks have been worried ‘bout what’s buried underground
I’ve spent sixty years here—it’d be hard to start again
Guess I’ll stay and see what comes with these termination winds

First, ask students to decode the meaning
behind these lyrics. Then have students
compose their own song or poem based
upon the experiences of their Hanford
stakeholder group.

• Read: www.epa.gov/environmentaljustice/
resources/publications/nejac/fishconsump-report_1102.pdf

Music/Poetry Extension
Musician Linda Allen has written a song,
“Termination Winds,” about the early
environmental conditions at Hanford:7
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Service Learning Ideas
Superfund Zine
Have student groups research social, economic,
and environmental impacts of a nearby Superfund site. Each group can write an engaging
article with graphics about the impacts associated with the site and ways for community
members to get involved in the cleanup efforts.
Compile articles into a zine that can be shared
with other students through the school’s website or newspaper. Students might even ask a
local newspaper to publish one or more of their
articles in order to educate community members about the impacts of Superfund sites.
Resources for research:
• Superfund sites where you live
This website lists all of the Superfund sites
in the United States and its territories.
www.epa.gov/superfund/sites

• National Priorities List
The National Priorities List (NPL) is the
list of priorities among the known releases or
threatened releases of hazardous substances,
pollutants, or contaminants throughout the
United States and its territories.
www.epa.gov/superfund/sites/npl/index.
htm

• Superfund Community Involvement
The goal of Superfund community involvement is to advocate and strengthen early and
meaningful community participation during
Superfund cleanups. Visit this site to find
information about the Superfund process,
community resources, community involvement policies and guidelines, and community involvement publications from the EPA.
www.epa.gov/superfund/community/index.
htm

Additional Resources
Articles
• Hanford Radiation Emissions Traced All The
Way To The Pacif ic
This article summarizes a report that found
radiation released over the years from the
Hanford Nuclear Reservation reached the
Pacific Ocean, contaminating seafood and
drinking water and exposing up to 2,000
people to radiation. http://community.
seattletimes.nwsource.com/archive/?date=
19920719&slug=1502825

Blog
• Inheriting Hanford
The Inheriting Hanford blog is designed to
provide opportunities and mentorship for
people interested in becoming more involved
in Hanford’s cleanup. It also highlights stories from ongoing events and thoughts about
Hanford’s cleanup.
http://inheritinghanfordblog.com
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Curriculum
• The “Environmental Justice” lesson from
Teaching Tolerance will help students see
how pollution disproportionately affects
people of different incomes, races, and
ethnicities. Students will also explore reasons
why people who are poor or members of racial and ethnic minorities are often exposed
to more pollution than others.
www.tolerance.org/supplement/
environmental-justice-high-school

Reports
• Hanford Challenge Fiscal Year 2015 Budget
Comments
In this public comment letter, nonprofit
Hanford Challenge expresses concerns about
Hanford’s Fiscal Year 2015 Budget Proposal
and cleanup plans proposed by the U.S.
Department of Energy.
www.hanfordchallenge.org/wp-content/
uploads/2010/05/2013-06.4-HanfordChallenge-FY-2015-Budget-Comments.pdf

• Hanford Cleanup: The First 25 Years
This report from the Oregon Department
of Energy provides a detailed look and
historical photos from every year of the
cleanup from 1989 until 2014.
www.oregon.gov/energy/NUCSAF/docs/
Hanford25YearReportALL.pdf

Videos
• Edens Lost & Found
This 4-part PBS video series from 2007
showcases community development in 4 cities: Seattle, Chicago, Philadelphia, and Los
Angeles. Information about these efforts,
along with photographs, is available free on
the PBS site.
www.pbs.org/opb/edenslostandfound

• Superfund Redevelopment Videos
Produced by the EPA Superfund program,
this video series depicts redevelopment of
formerly contaminated sites that have been
cleaned up and put back into productive use.

www.epa.gov/superfund/programs/recycle/
info/video.html

Websites
• Blacksmith Institute
Blacksmith Institute is an international nonprofit organization dedicated to solving pollution problems in low- and middle-income
countries to protect human health.
www.blacksmithinstitute.org/projects/
industries/nuclear

• Superfund Community Involvement
The goal of Superfund community involvement is to advocate and strengthen early and
meaningful community participation during
Superfund cleanups. Visit this site to find
information about the Superfund process,
community resources, community involvement policies and guidelines, and community involvement publications from the EPA.
www.epa.gov/superfund/community/index.
htm
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STAKEHOLDER GROUP: YAKAMA NATION
The Confederated Tribes and Bands of the
Yakama Nation are descendants of 14 tribes and
bands in southcentral Washington States that
were federally recognized under the Yakama
8
Treaty of 1855. For 10,000 years, the Yakamas and their ancestors have hunted, fished, and
9
gathered plants along parts of the Columbia River.
Several treaties signed in 1855 guarantee the
Yakamas and other tribes access to Hanford and
the Columbia River for traditional hunting, fishing,
10
and gathering.
The Yakamas are worried that Hanford’s pol11
lution has damaged their traditional fishing areas.
They believe that chromium, strontium, and uranium
wastes are present within the Columbia River’s
12
sediments and pose dangers to fish. One Tribal

Council chairman, Ross Sockzehigh, summarizes
the Yakama’s relationship with the Columbia River
this way: “From time immemorial, the Columbia River
and everything in it have been the lifeblood of the
Yakama people. We have to do whatever is
necessary to see that our river is fully healed
13
and the salmon runs restored.”
The Comprehensive Environmental Response,
Compensation, and Liability Act, which established
the Superfund program, requires Superfund clean14
ups to restore damaged natural resources. In
2003 and 2014, the Yakama Nation gave the
federal government notice that it planned to sue
the U.S. Department of Energy because it has
failed to protect the Columbia River from
Hanford’s pollution.

STAKEHOLDER GROUP: WHISTLEBLOWERS 15
A whistleblower is a person who tells police,
state agencies, reporters, or others about an
issue of public concern, such as a crime, that has
been kept secret. Throughout Hanford’s cleanup,
several people who have reported safety
concerns have been harassed, intimidated,
and/or fired.
For example, Shelly Doss was an environmental
specialist at Hanford for 23 years. During her
time working at Hanford, she won awards for her
leadership and dedication. When, over a period
of two years, Shelly reported six major violations
of state rules governing waste management, her
manager told her to ignore the violations.
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Eventually, her manager removed her from all six
of the projects she was working on until she had
no work duties left. Walter Tamosaitis is another
Hanford whistleblower. After working on the
project for 44 years, he was fired for raising
safety concerns about a waste treatment plant.
Before Walter was fired, he was moved to a
basement office where he was not assigned any
work and had no boss to report to.
After whistleblowers are fired, many employees
do not feel safe raising concerns. If safety
concerns are ignored at Hanford, it can result in
harm to employees, the environment, and nearby
communities.
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STAKEHOLDER GROUP: SICK WORKERS 16
Worker safety has been an ongoing concern for
workers at Hanford. Many cleanup workers have
complained of health problems over the last three
decades. In 2014 alone, at least 44 workers
reported illness from working on tanks at Hanford.
A panel of independent experts has found
evidence between chemical vapors and adverse
health effects in Hanford’s tank farm workers.
These experts also found that the system for
measuring vapors was inadequate. Workers who

were exposed to these vapors have experienced
nosebleeds, headaches, dizziness, nausea, burning
skin, increased heart rate, and long-term disabilities
such as the permanent loss of lung capacity.
While worker safety issues have been documented and studied throughout the cleanup’s history,
workers still lack adequate protection. Washington
State’s attorney general intends to sue the
federal government for not adequately protecting
workers involved in the cleanup of Hanford.

STAKEHOLDER GROUP: GENERAL PUBLIC 17
From the mid-1940s until 1970, all kinds of
radioactive and contaminated wastes were buried
in trenches near the Central Plateau at Hanford.
At least 40 miles of these trenches are unlined,
which means there is no barrier between the soil
and waste. Some of these wastes spread from the
Central Plateau as a result of exposure to liquid
discharges, water line leaks, and heavy rains or
snowmelts.
Records about the kinds and amounts of
wastes buried at the Hanford site are often
missing, incomplete, or incorrect. While nobody
knows for certain what or how much has been
buried there, the U.S. Department of Energy has
verified that the area contains at least

6 Envisioning Hanford’s Future

800 pounds of plutonium and 750 pounds of
uranium—both of which are radioactive. When
people come in contact with, inhale, or ingest
radioactive substances, they have a greater chance
of developing certain types of cancers and
autoimmune diseases (diseases where the immune
system attacks healthy body cells).
While many experts disagree over the current
risk of Hanford’s wastes to the general public, it is
clear that unlined burial grounds do not adequately
protect the environment or public health from toxic
waste. If wastes from the Central Plateau reach
groundwater or the Columbia River, remain in the
soil, or become airborne, they could pose great
risks to human health and the environment.
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STAKEHOLDER GROUP: FISHERS 18
The Hanford Reach, unlike the rest of the
Columbia River, was left undammed. This 70-mile
stretch near the Hanford Nuclear Reservation
is an important spawning area for salmon and is
the home of the largest remaining fall Chinook
salmon run (a migration of salmon up a river from
the sea in order to spawn) in the Columbia river.
These salmon are the only Chinook salmon in the
Columbia River that are not listed as threatened
or endangered under the Endangered Species Act.
These salmon make up the river’s largest remaining
wild Chinook salmon run and one of the few
remaining runs in Washington State. Because so
many Chinook spawning grounds have been lost, the
Hanford Reach Chinook run is a major part of the
reason that commercial salmon fishing still exists
over much of the Washington coast and well up
into Alaska.
Leaking nuclear waste has contaminated more
than 200 square miles of Hanford’s groundwater
aquifer. Plumes of radioactive waste are slowly

6 Envisioning Hanford’s Future

migrating from the aquifer to the Hanford Reach.
Some of the radioactive waste has already reached
the Hanford Reach, but it has not yet accumulated
to levels harmful to salmon. If more waste
continues to leak into the river, it could threaten
the fall Chinook spawning and rearing areas.
Currently, wild caught salmon from this area
are in very high demand. What would happen
to this demand if salmon in the river become
radioactive? How many consumers would risk buying
fish contaminated at levels that pose human health
risks? Fisher Glen Spain of the Pacific Coast
Federation of Fishermen’s Associations summarizes
these concerns: “Long gone are the days when
fishermen could just fish. Today we also have to
pay serious attention to the habitat our fish live
in and depend upon. As that habitat has suffered
increasing assaults from industrial pollution,
offshore oil development and dewatering of rivers,
habitat loss has meant the loss of our business
as well.”
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Envisioning Hanford’s Future
Facilitators: Your job is to facilitate this process by leading your fellow group members through
the following questions and moderating the discussion.

Ground Rules for Discussion
1. Only 1 person may speak at a time.
2. The order of speaking is determined by a queue (a line of people) that is kept by the facilitator.
a. To get in the queue, a group member can raise their hand at any time. The facilitator should
acknowledge them so they can put their hand down.
b. When a resident finishes speaking, the facilitator should immediately invite the next person in
the queue to speak.
c. If there is no one in the queue, anyone may speak. If more than 1 person wants to speak in this
situation, the facilitator should place them in a new queue.
3. Discussion about any question can continue as long as at least 2 people want to talk about it.
a. This could mean that the entire session is spent addressing a single question.
b. You should not feel a need to get through every question. Move through the questions at whatever pace is appropriate for your group.
4. After a person speaks at length about something, the facilitator should:
a. Restate what they said in a few words.
b. Ask if that is an accurate description of their view, and invite them to revise if need be.
c. Have the note-taker write down the short description only.
Guidelines for Note-Takers: For each of the questions below, create a list of short, concise
answers from your group.

Questions for the Group
1. How has each stakeholder group been affected by Hanford?
2. What issues do the groups have in common?
3. Given the different priorities of different stakeholders, how can our Community Advisory Group
members work together to make Hanford safer for everyone? (e.g., Should we educate the public?
Solicit opinions from other community members? Petition the government for change?)
4. If cleanup funds are limited, how might we prioritize the needs of the stakeholders in our
Community Advisory Group?
5. What obstacles might stand in the way of making Hanford safer? How might we overcome these
obstacles?
6. Is there anything that we can do to prevent the issues at Hanford from recurring?
7. We have identified current problems surrounding Hanford, but what do we want the community to
look like in the future? What is our Community Advisory Group’s vision for the future? Be sure to
include any social, economic, and environmental components necessary to achieve this vision.

6 Envisioning Hanford’s Future
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During optional activity 1, students

discuss the importance of ethical decision making
and develop a code of ethics. This code is used to
justify whether they will support or oppose nuclear
power—today’s largest generator of nuclear waste.
During Activity 2, students analyze letters from
experts with opposing views on nuclear power. A
class discussion uncovers other topics that cause
polarity and how groups with different opinions
can engage in respectful dialogue.

© ESOLLA | ISTOCK

Lesson

Nuclear
Dilemmas
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Objectives

Key Concepts

Students will:
• Understand the relationships between ethics
and decision making.
• Summarize the pros and cons of nuclear
power.
• Apply a code of ethics to the issue of nuclear
power.
• Analyze two letters from scientists and
experts with opposing views on nuclear
power.

• bias—A particular tendency, inclination, or
prejudice.
• ethical dilemma—A decision that is difficult to make either because the right course
of action is not clear or the right course of
action carries some negative consequences.
• ethics—The rules or standards governing
the conduct of a person or the members of a
profession.
• morals—Motivation based on ideas of right
and wrong.
• nuclear energy—Energy released from the
nuclei of atoms, either by splitting them (fission) or by fusing them together (fusion).
• polarization—The sharp division of a population or group into opposing factions.
• scrutiny—Critical observation or examination.
• values—A person’s principles or standards of
behavior; one’s judgment of what is important in life.

Critical Thinking/Inquiry Questions
• What are ethics, morals, and values?
• What are the benefits and costs of nuclear
technologies?
• What ethical dilemmas might scientists,
engineers, and politicians face?
• How might an ethical framework be applied
to decisions about nuclear power?
• How might people who are presented with
the same evidence become polarized on an
issue?

Time Required
Activity 1 (optional): 50 minutes
Activity 2: 50 minutes

7 Nuclear Dilemmas
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Supporting Vocabulary
These definitions are provided to help expand
class discussions and provide additional background information for you and your class. Not
all of these vocabulary words are used explicitly
in this lesson.
• climate change—A significant shift in
Earth’s overall climate over an extended
period of time.
• environmental ethics—The philosophical discipline that considers the moral and
ethical relationship of human beings to the
environment.
• lobbying—The act of attempting to influence decisions made by officials in the government, most often legislators or members
of regulatory agencies.
• nuclear technology—Technology that
involves the reactions of atomic nuclei. The
most common nuclear technologies include
nuclear reactors, nuclear medicine, and
nuclear weapons.
• nuclear waste—Radioactive material generated from nuclear weapons and the operation of nuclear power stations. Low-level
waste can be disposed of relatively easily
but highly radioactive material requires very
costly methods of storage that, because of
the long half-life of some waste, must last for
thousands of years.
• unintended consequence—An outcome
that is not the one intended by a purposeful action. An unintended outcome may be
positive or negative.

7 Nuclear Dilemmas
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• radiation—A type of energy given off by
nuclear fission that can damage cells, cause
cancer, and may lead to death.

U.S. Standards Correlation
• National standards: See Appendix A
• State and national standards: Visit our
Standards Correlation Tool at
www.facingthefuture.org/CurriculaFreeUnits/StandardsCorrelations

Materials/Preparation
Activity 1
Handout: Ethical Decision Making,
1 per student

Cards: Organization Profile Cards,
cut before class, 1 per small group
Handout: Pros and Cons of Nuclear
Energy, 1 per small group

Activity 2
Letter: Letter in Support of Nuclear Power, 1
per small group

Letter: Letter in Opposition of Nuclear Power,
1 per small group. You may wish to print only
1 copy of the signatories (pages 152-160) and
pass this around the class.
Display copy: Public Opinion of Nuclear
Power
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Background Information
for Educators
The modern technologies that have made our
lives more comfortable and connected have not
been without negative impacts on the Earth,
and in some cases, on the poor.1 While smartphones have put the Internet in our pockets,
their disposal has created dangerous e-waste
dumps in developing nations. Air travel has
allowed us to visit long-distance relatives with
relative ease, while airplanes emit tons of climate-disrupting carbon dioxide. While nuclear
power plants produce efficient energy without
emitting greenhouse gases, their radioactive
waste products pose environmental and human
health risks for 10,000 years or more.
Experts have hotly contested nuclear power and nuclear waste for decades.2 Proponents
of nuclear power believe that nuclear power,
which does not emit carbon dioxide, is the
solution to climate change. Opponents argue
that nuclear power is too expensive and its
waste—which is radioactive for at least 10,000
years—is too dangerous. When experts are at
odds, how can the general public be expected
to make informed decisions? By making decisions with both facts and ethics in mind, we
can make better choices for our society, economy, and environment.

7 Nuclear Dilemmas

Activity 1
Introduction
1. Read the class the following scenario:

		
Imagine you have a friend who is always
prepared for class, studies hard, and earns
excellent grades. Last night, she failed to
study for a big math exam due to a family
emergency that she does not want to
share with your teacher. She has asked if
she could copy your math exam. She will
probably fail the exam if you do not let her
copy.
2. Ask students the following questions:

• In this scenario, what actions could you
take? What are the consequences of each
action?
• Do these decisions conflict with your
personal values? If so, which values? Is
there any way to rank the values in order
to make a decision?

3. Write the following words on the board:
ethics, morals, and values.

4. Share with students that many people
use ethics, morals, and/or values to guide
decision making.
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5. In popcorn style, ask students to discuss
the following questions:

• What do you know about these words?
• How are these words related?

• How did you develop your own ethics,
morals, and values?

		Option: Share with students the following
definitions:
• ethics—The rules or standards
governing the conduct of a person or
the members of a profession.

• morals—Motivation based on ideas of
right and wrong.
• values—A person’s principles or
standards of behavior; one’s judgment
of what is important in life.

6. Tell students that an ethical dilemma is
a decision that is difficult to make either
because the right course of action is not
clear or the right course of action carries
some negative consequences.

7. In Think-Pair-Share format, ask students
to share a time when they had to choose
between two actions, neither of which had
an ideal outcome. How did they decide
which choice to make?

7 Nuclear Dilemmas
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Steps
1. Break the class into 9 groups.

2. Give each small group 1 copy of the
handout Ethical Decision Making and
1 copy of the scenario Pros and Cons of
Nuclear Power. Give each group a different
Organization Profile card.

		
Option: Instead of having students use
the Organization Profile cards, have them
take on the roles of different scientists and
engineers who played a part in discovering
nuclear energy or were involved with
the Manhattan Project, such as Robert
Oppenheimer, Lise Meitner, Enrico Fermi,
Marie Curie, Albert Einstein, Leona Woods,
Marshall Libby, Chien-Shiung Wu, Maria
Goeppert Mayer, or George Kistiakowsky.
Small groups could research these scientists
and engineers to discuss the kinds of ethical
dilemmas that each person might have
faced and whether or not they would have
supported the use of nuclear power.
3. Let students know that they will have 20
minutes to complete the handout Ethical
Decision Making and that they should write
their answers on a separate sheet of paper.
4. Bring the class back together and give
each group a few minutes to name their
organization, state whether or not they
support nuclear power, and share the
reasons behind their decision. If desired,
tally the number of organizations that
support or oppose nuclear power.
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5. Conclude this activity with one or more
of the following discussion questions.

Discussion Questions
1. How do ethics, morals, and values play into
decision making?
2. Is there a time when it is appropriate to
diverge from one’s code of ethics? Why or
why not?

3. How might the cliché “but everyone else is
doing it” relate to ethical decisions?
4. Which professions need a code of ethics?
Why do these professions need a code of
ethics and not others?
5. How might the code of ethics of a
business or government influence the
way it addresses social, economic, and
environmental sustainability?

6. How might a code of ethics be applied to
municipal solid waste issues? Hazardous
and toxic waste issues? Nuclear waste
issues? Superfund sites?

7 Nuclear Dilemmas

Activity 2
Introduction
1. Read the following statements aloud or
write them on the board:

• “Since the only way radioactive wastes finally become harmless is through decay,
which for some isotopes contained in
high-level wastes can take hundreds of
thousands of years, the wastes must be
stored in a way that provides adequate
protection for very long times.”3
• “Most nuclear wastes produced are
hazardous, due to their radioactivity, for
only a few tens of years and are routinely
disposed in near-surface disposal facilities. A small volume of nuclear waste
(~3% volume of total waste produced)
is long-lived and highly radioactive and
requires isolation from the environment
for many thousands of years.”4

2. Ask students the following questions:

• What do these two statements have in
common and what is different?
(Both statements discuss the radioactivity
of nuclear waste. The first statement
highlights the radioactivity of high-level
nuclear waste, which can take hundreds
of thousands of years to become harmless.
The second statement emphasizes that most
nuclear waste is low-level and is only
dangerous for a few decades. The first
statement claims that high-level wastes
are dangerous for hundreds of thousands
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of years, while the second statement claims
high-level wastes are dangerous for
thousands of years.)

• Can both of these statements be true?
How so, or how not?

3. In Think-Pair-Share format, ask students
the following questions:

• How might these 2 different statements
present 2 different pictures?
• Why might 2 different groups communicate different facts or statistics?

• What do you think is the purpose of the
first statement?
• What do you think is the purpose of the
second statement?

4. Share with students that presenting the
same facts in different ways can represent a
person or group’s bias or point of view. Ask
for a volunteer to define or describe the
word “bias.”
• bias—A particular tendency, inclination,
or prejudice.

5. Ask students if they have ever read or
seen any biased messages and ask them
to explain what bias they detected in the
message.

Steps
1. Share with students that today they will
explore bias while evaluating 2 opposing
views of nuclear power.

7 Nuclear Dilemmas
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2. Share with students that 2 groups of
experts have released letters about their
stances on nuclear power. One group of
scientists strongly supports using nuclear
power as a means to reduce the effects
of climate change, while the other group
strongly opposes using nuclear energy in
this manner. Note: You may want to define
climate change.
• climate change—A significant shift in
Earth’s overall climate over an extended
period of time.

3. Tell the class that they will read both
letters in small groups and decide whether
or not they support or oppose nuclear
power.
4. Have students get into groups of 3-4.

5. Give each group one copy of the Letter in
Support of Nuclear Power and one copy of
the Letter in Opposition of Nuclear Power.

6. Share with students that while they are
reading, they should evaluate the argument
and specific claims in each letter, assess
whether the authors’ reasoning is valid
and whether the evidence is relevant and
sufficient, and identify false statements and
fallacious reasoning. To do this, students
should highlight or note:
• claims with supporting evidence
(i.e., facts)
• claims without supporting evidence
(i.e., opinions)
• claims that are the same in both letters
• claims that are in disagreement
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7. Give groups 15 minutes to read the letters
and decide whether or not they will
support nuclear power.
8. Give each group 1-2 minutes to share
their decision with the class and cite their
reasons for this decision.
9. Ask the class:

• How one might determine the purpose
of a message if its claims are biased?

• Can we still learn from messages that are
biased? Why or why not?
• What is your opinion about nuclear
power now? Have your ideas changed?

10. Tell students that these two letters show an
example of polarization.
11. Ask for a student volunteer to define the
word polarization.
• polarization—The sharp division of
a population or group into opposing
factions.

13. Share with students that just as these
leading scientists have very polarized views
on nuclear power, so does the general
public.

14. Display the overhead Public Opinion of
Nuclear Power. Share with students that the
2011 poll was conducted several months
after an earthquake and giant tsunami
devastated Japan’s Fukushima Daiichi
power station.

		Option: Ask students if these are the
results they would have expected after
this meltdown and how geography might
influence the results of these polls.
15. Ask students to identify:

• points of agreement and disagreement

• geographical similarities and differences
• demographic similarities and difference

16. In Think-Pair-Share format, ask students
to discuss the following questions:

12. In their small groups, have students discuss
the following questions:

• How might public opinion polls might
be misleading?

• Do the signatories of these letters lend
them credibility or do they detract credibility? How?

• If people are presented with the same
facts, how might they come to different
conclusions?

• Why might polarization exist between
these two groups of experts?

• Why might the public be so polarized
on the issue of nuclear power?

• How might these letters reflect the polarization between citizens who support
and oppose nuclear energy?

• How can two opposing groups engage in
respectful dialogue?

7 Nuclear Dilemmas

17. Conclude this activity with one or more of
the following discussion questions.
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Discussion Questions

Lesson Extensions

1. What is the relationship between ethics
and bias?

2. How might bias be used to an individual’s
advantage? To a company’s advantage?
3. How might current events shape public
opinion in the short term? In the long
term?

4. How might bias be used to minimize the
importance of facts or skew them? How
might this contribute to polarization? How
might this tactic influence politics?
5. Whose responsibility is it to ensure that
messages are accurate and unbiased?

6. Should organizations that purposefully
share biased or incorrect information be
held liable? If so, who should hold them
liable?

7. Should the media give equal weight to
non-experts and experts? Why or why not?
8. Media literacy is the ability to locate,
evaluate, and understand messages from
any media source. How might one become
media literate?

Civics Extension
In the last few years, nuclear energy lobbying—the act of attempting to influence decisions made by officials in the government,
most often legislators or members of regulatory
agencies—has increased in the United Kingdom and the United States. Some opponents
of nuclear energy fear that some government
officials are in the pocket of the nuclear industry. Proponents of nuclear power see lobbying
as a way to expand the nuclear energy sector
and increase nuclear energy production. Have
students read at least one of the following
articles and respond to the prompts in an essay
or during a class debate.
Articles:

• Labour and the nuclear lobby

http://news.bbc.co.uk/2/hi/uk_news/
politics/5149676.stm

• Lobbyists’ Long Effort to Revive Nuclear
Industry Faces New Test

www.nytimes.com/2011/03/25/us/25lobby.
html

• Nuclear energy lobbyists scramble on
Capitol Hill

http://politicalticker.blogs.cnn.
com/2011/03/14/nuclear-energy-lobbyistsscramble-on-capitol-hill

• Nuclear industry lobbyists’ clout felt on Hill

www.politico.com/news/stories/0311/51367.
html
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Prompts:

• How might lobbying efforts benefit society?
Harm society?
• What role should lobbyists play in the
political process?

• What might happen if lobbying efforts
contradict the best available science?
• What might happen if lobbying efforts
contradict the wishes of citizens?

History Extension
On July 9, 1955 The Russell-Einstein Manifesto
was issued in London in the midst of the Cold
War. The manifesto highlighted the dangers
posed by nuclear weapons and called for leaders
around the world to seek peaceful resolutions
to international conflict. Eleven intellectuals
and scientists signed the manifesto, including
Albert Einstein, who signed it just days before
his death. Have students read the manifesto and
respond to the prompts in an essay or during a
class debate. If desired, have students research
one of the signatories of the manifesto and read
the manifesto through the lens of this scientist.
www.umich.edu/~pugwash/Manifesto.html

Prompts:

• Should scientists always publish the results
of their discoveries? Why or why not?
• What responsibilities do scientists have to
protect human health and the environment?
• What do you think scientists should do if
others misuse one of their discoveries for
harmful purposes?

7 Nuclear Dilemmas

• How might scientists act as leaders to better
inform policymakers and the public?

Science Extension
Ask students to describe the scientific method.
Then lead a class debate in which students
answer the following questions.
Debate prompts:

• Does the scientific method account for ethics, morals, or values?
• Should it account for these things?
• What should happen if a new product or
technology is developed that produces unethical effects?

Science Extension
Many people were involved in discovering the
process of fission, creating the atomic bomb,
and encouraging nuclear developments. Some
of these parties openly expressed hesitation and
regret about their discoveries and their support
of nuclear technologies. Have students research
one of the following people and the role they
played in nuclear research and development.
Ask students to imagine how they might have
responded to the ethical dilemmas faced by the
person they researched.
Homer Angell
Rosalie Bertell
Albert Einstein
Otto Frisch
John Gofman
Otto Hahn
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Hazel O’Leary
Colonel Franklin T. Matthias
Lise Meitner
Sir Mark Oliphant
Fritz Strassmann
Mordechai Vanunu
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Writing Extension
Read students the passage below and then have
students write an essay in response to one of
the following prompts.
During the second Nuclear Security Summit
in Seoul in 2012, President Obama noted:
“At the dawn of the nuclear age that he
helped to unleash, Albert Einstein said:
‘Now everything has changed…’ And he
warned: ‘We are drifting towards a catastrophe beyond comparison. We shall require
a substantially new manner of thinking if
mankind is to survive.’ That truth endures
today. For the sake of our common security,
for the sake of our survival, we cannot drift.
We need a new manner of thinking—and
action. That is the challenge before us. ”5
Prompts:

• Knowing what we know today, should we
have developed nuclear technologies?
• What were the rights and responsibilities of
scientists who created nuclear technologies?
• As a citizen, what can you do if your country
is developing technologies that you morally
oppose?
• How can scientists uphold their personal
values and beliefs when their government
asks them to create weapons of mass destruction?

Additional Resources
Articles
• 7 things to know about polarization in
America
This article examines the political polarization trends in the United States from
1994 until 2014. A related video, interactive
graphic, and charts are embedded in the
article.
www.pewresearch.org/facttank/2014/06/12/7-things-to-know-aboutpolarization-in-america

• The Case For and Against Nuclear Power
This article from The Wall Street Journal
examines the popular arguments used for
and against nuclear power. www.wsj.com/
news/articles/SB121432182593500119

• If You’re Concerned About Climate Change,
You Should Support Nuclear Power
In this opinion piece, Carol Browner, former
Administrator of the U.S. Environmental
Protection Agency and Director of the Office of Energy and Climate Change Policy,
explains why she now supports nuclear
power after years of opposing it.

www.forbes.com/sites/realspin/2014/05/05/
if-youre-concerned-about-climate-changeyou-should-support-nuclear-power

• Nuclear Power Loses Support in New Poll
This New York Times article examines how
public opinion of nuclear power has changed
over time and in response to various nuclear
accidents.

www.nytimes.com/2011/03/23/us/23poll.html

7 Nuclear Dilemmas
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Reports
• Public and Scientists’ Views on Science
and Society
Despite similar views about the overall place
of science in the United States, American
adults and America’s top scientists often
have very divergent views on science-related
issues.

www.pewinternet.org/2015/01/29/publicand-scientists-views-on-science-and-society

• Standards of Practice Handbook
This handbook is written for professionals
in the finance industry, but contains ethical
scenarios and a code of ethics that could be
applied to many situations and professions.
www.cfapubs.org/doi/pdf/10.2469/ccb.
v2014.n4.1

Videos
• The Babushkas of Chernobyl
While most of their neighbors have long
since fled, a community of elderly women
is thriving while living on some of the most
toxic land on Earth.
http://thebabushkasofchernobyl.com

• Bill Gates on Energy: Innovating to Zero!
The founder of Microsoft talks about energy
and the impacts of climate change for people
around the world. He also discusses new
nuclear energy technology. www.ted.com/
talks/bill_gates.html

• Three Mile Island: Lessons from the Nuclear Dream
This 13-minute video from Retro Report
takes a look at the past and present of
Three Mile Island and explores the future
of nuclear power in the United States.
www.retroreport.org/video/three-mileisland-lessons-from-the-nuclear-dream

Websites
• Environmental and Ethical Aspects of
Radioactive Waste Management
This webpage from the World Nuclear Association explores the principles of radioactive waste management that were established
in 1985 and the environmental and ethical
perspectives of long-term geological disposal.
www.world-nuclear.org/info/Nuclear-FuelCycle/Nuclear-Wastes/Appendices/Radio
active-Waste-Management-Appendix5--Environmental-and-Ethical-Aspects-ofRadioactive-Waste-Management

• Nuclear Energy, Nonproliferation, and
Disarmament
This section of the Natural Resources
Defense Council’s website contains publications, presentations, opinion pieces, and
discussion boards about the nuclear industry.
www.nrdc.org/nuclear/default.asp

• Nuclear Power: Still Not Viable without Subsidies
This report from the Union of Concerned
Scientists examines subsidies in the nuclear
power sector and explores the total financial
cost of this energy source. www.ucsusa.org/
assets/documents/nuclear_power/nuclear_
subsidies_report.pdf

7 Nuclear Dilemmas

141

© FACING THE FUTURE www.facingthefuture.org

Ethical Decision Making,

page 1

Part I. Mission
Directions: One employee from your organization should read your organization profile card
aloud to the rest of his or her co-workers. As a group, answer the questions below from the
perspective of employees from this organization.
1. What is your organization’s name?

2. What is the purpose of your organization?

3. Who might be impacted by the decisions that your organization makes? In other words, who are your
stakeholders?

Part II. Code of Ethics
Directions: The organization you work for has decided to develop a code of ethics to guide your
decision making and work practices. Use the following code of ethics examples and the questions
that follow to write a code of ethics for your organization.

Code of Ethics Examples:
The American Chemical Society6
Chemical professionals have a responsibility to serve the public interest and safety and to further
advance the knowledge of science. They should actively be concerned with the health and safety of coworkers, consumers, and the community. Public comments on scientific matters should be made with
care and accuracy, without unsubstantiated, exaggerated, or premature statements.

American Nurses Association7
The nurse, in all professional relationships, practices with compassion and respect for the inherent
dignity, worth, and uniqueness of every individual, unrestricted by considerations of social or economic
status, personal attributes, or the nature of health problems. The nurse promotes, advocates for, and
strives to protect the health, safety, and rights of the patient.

Morgan Stanley Investment Firm8
We seek to outperform our competition fairly and honestly through superior performance. Every director, officer and employee must protect our reputation by dealing fairly and transparently with clients, the
public, competitors, suppliers and each other. We will not take advantage of anyone through manipulation, concealment, improper handling of confidential information, misrepresentation of material facts or
other unfair dealing or practices.

American Anthropological Association9
In research, anthropologists’ paramount responsibility is to those they study. When there is a conflict of
interest, these individuals must come first. Anthropologists must do everything in their power to protect
the physical, social, and psychological welfare and to honor the dignity and privacy of those studied.

7 Nuclear Dilemmas
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1. State your organization’s code of ethics. You should consider addressing the following topics in
your code:10
• Who is affected by your organization’s actions and how are they prioritized?
• What are your organization’s main areas of action?

• What type of ethical problems are members of your organization most likely to encounter?

• What unethical decisions and actions would your organization like to prevent, and how could
they be prevented?
• How can conflicting ethics, morals, and values be resolved?

Part III. Application
Directions: Your organization has been chosen to sit on a panel of experts about nuclear power.
Your organization will use its expertise to decide whether or not nuclear power should be allowed
in your community. As a group, read the handout Benefits and Costs of Nuclear Energy before
answering the question below.
1. Think about the information presented in the handout Benefits and Costs of Nuclear Power and the
information you have previously learned about nuclear energy and nuclear waste. List the pros and
cons of nuclear energy and how they might affect society, the economy, and the environment.
2. List the unintended consequences that might result from your decision to support or oppose nuclear
power. Unintended consequences are outcomes that are not intended by a particular action—these
outcomes may be positive or negative. How might society, the economy, and the environment be
affected by your decisions?

Part IV. Analysis
Directions: Discuss whether or not your group will support nuclear power in your community.
This decision should be based on your code of ethics and the costs and benefits of nuclear power.
After you have reached consensus, answer the following questions.
1. Does your organization support or oppose nuclear power? List at least three talking points to justify
your decision.
2. How did your code of ethics guide your decision?

Part V. Evaluation
Directions: As you applied your organization’s code of ethics to the question of nuclear power,
did you notice any components missing from your code of ethics? If so, revise your code to
address these issues.
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Organization: U.S. Department of Energy11
Mission: We ensure America’s security and prosperity by addressing its energy, environmental and
nuclear challenges through transformative science and technology solutions.
Objectives: We work to ensure America’s energy future, scientific & technological leadership, nuclear
security, and to resolve the environmental legacy of the cold war.
Work: We are responsible for advancing the national, economic, and energy security of the United
States through the implementation of policies regarding nuclear power, fossil fuels, and alternative
energy sources. We also promote scientific and technological innovation in each of these energy
sectors and are responsible for the environmental cleanup of the national nuclear weapons industry.
One of our key duties is the formulation and implementation of the National Energy Policy, which
addresses energy challenges facing the United States.

Organization: Physicians, Scientists, and Engineers for Healthy Energy12
Mission: To provide a multi-disciplinary approach to identifying reasonable, healthy, and sustainable
energy options for everyone. We will help empower citizens and policymakers by organizing and
supplying objective, evidence-based information.
Objectives: We draw on intellectual resources from diverse scientific disciplines to examine the
empirical biases and assumptions of unconventional energy production as well as the energy transition
from fossil fuels to renewable energies.
Work: We counter unsupported assertions by fact-checking and disseminating carefully vetted, peerreviewed, evidence-based information to enable a level playing field for citizens, advocacy groups, the
media, and policy-makers.

Organization: Council of Energy Resource Tribes13
Mission: To provide advice and support for Tribes in developing and sustaining long-term energy
goals.
Objectives: Ensuring that each sovereign Indian Tribe will have a sufficient and reliable supply of
electricity at reasonable costs to support its social and economic well-being. We help tribes increase
power generation for local use including renewable energy generation and distributed generation, and
promote energy efficiency and conservation programs on Tribal lands.
Work: We identify measures that Tribes can take to maximize energy production from existing
operations or to develop new renewable energy resource projects, identify energy conservation
opportunities for Tribes, demonstrate how Tribes can cost-effectively use electricity, and facilitate
training to help develop tribal expertise in renewable resource development and energy conservation.
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Organization: Puget Sound Clean Air Agency14
Mission: Clean healthy air for everyone, everywhere, all the time.
Objectives: Every day, we work to protect public health, improve neighborhood air quality and reduce
greenhouse gases to preserve our climate.
Work: We adopt and enforce air quality regulations, sponsor voluntary initiatives, and educate people
and businesses about clean-air and climate-friendly choices they can make.

Organization: U.S. Nuclear Regulatory Commission15
Mission: To ensure the safe use of radioactive materials for beneficial civilian purposes while
protecting people and the environment.
Objectives: We regulate commercial nuclear power plants and other uses of nuclear materials, such as
in nuclear medicine and waste, through licensing, inspection and enforcement of its requirements.
Work: We establish rules that users of radioactive material must follow. These rules protect workers
and the public from the potential hazards of radioactivity. Before writing or changing the regulations,
we solicit and consider the views of the public, industry representatives, researchers, state officials,
scientists and technical experts.
We also inspect licensed facilities to ensure they meet regulations and the terms of their license
and investigate any allegations of wrongdoing.

Organization: Citizens for Clean Energy16
Mission: We support the development of renewable energy to improve our economy, reduce our
dependence on fossil fuels, and improve our environment.
Objectives: Citizens for Clean Energy is a coalition of leaders, organizations, and concerned Americans
committed to supporting education and public policy change that advance renewable energy jobs
and technologies to improve both our economy and our environment. We are committed to a future
free from foreign oil and the cloud of environmental damage. We support new jobs, new technologies,
and clean energy to fuel a brighter, more prosperous tomorrow – one that fuels our productivity while
protecting our precious natural resources across America.
Work: We educate the politicians and citizens on why we need to pass a renewable energy policy.
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Organization: Food & Water Watch17
Mission: To ensure the food, water, and fish we consume is safe, accessible and sustainably produced.
Objectives: We believe that everyone is dependent on shared resources like clean water, safe food, and
healthy oceans. It’s essential that these shared resources be regulated in the public interest rather than
for private gain.
Work: We engage and mobilize citizens politically through on-the-ground organizing, educational
campaigns, and new media technologies. We advocate for common sense policies that will result
in healthy, safe food and access to safe and affordable drinking water. We work with a range of
constituencies to inform and hold policymakers accountable.

Organization: Climate Law & Policy Project18
Mission: We use our legal and policy expertise to help formulate and advocate environmentally,
socially, and scientifically sound policies to reduce emissions and protect communities around the
world, especially those that find themselves on climate change’s front line without the means to
protect themselves.
Objectives: We are a nonprofit organization established to develop and promote sound and safe
policies to slow, stop, and ultimately reverse the buildup of greenhouse gases in the atmosphere and
ensure that vulnerable communities are protected from climate impacts that cannot be avoided.
Work: We are a think tank with a bit of an advocacy bent. We try to think up and/or promote the
policies that will actually work to help address the climate crisis.

Organization: American Ground Water Trust19
Mission: Our mission is to communicate the environmental and economic value of groundwater,
promote efficient and effective groundwater management, showcase groundwater science and
technology solutions, increase citizen, community and decision-maker awareness, and facilitate
stakeholder participation in water resource decisions.
Objective: To ensure that water sources are protected and that science is the basis for local, state, and
national water policy.
Work: We partner with local, state, and national organizations and agencies to bring stakeholders
together to encourage open discussion about practical ways to develop, manage, and protect
groundwater resources so that sustainable economic and environmental benefits can be optimized.
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dangerous levels of radiation that could affect the
health and safety of people in communities near the
nuclear power plant.24 Nuclear power plants generate
nuclear waste that can remain radioactive for hundreds
of thousands of years. As of 2014, there were 31 countries producing commercial nuclear power despite the
fact that there are no long-term solutions to deal with
high-level nuclear waste.25 It is estimated that there
are about 275,578 tons of nuclear waste in interim
storage around the world.26 This storage is only a
temporary stopgap until a long-term storage option is
created. Over the years, waste volumes generated per
unit of energy produced have been decreasing, due
to technological advances and the increasing costs of
waste disposal.27
Radioactive materials are hazardous to human
health. For example, four years after a 1986 nuclear
accident at the Chernobyl nuclear power plant in
Ukraine, the World Health Organization reported
5,000 cases of thyroid cancer in children ages 18 and
younger.28 Because radioactive materials are hazardous
to human health, many people do not want a nuclear
reactor or waste near their homes.
A lot of water is used to cool down the steam
produced to generate electricity at nuclear power
plants. This water can come from nearby lakes,
rivers, or oceans. Due to the serious nature of the
risks to the nearby environment and human health,
nuclear power plants have many safety systems
created to prevent accidents. The failure of these
systems can be tragic. For example, in the wake
of a 2011 earthquake and tsunami off the coast of
Japan, the Fukushima nuclear power plant lost
power and a couple small fires started. As a result,
radioactive waste was released from the plant.29
Due to the risk of radiation, over 100,000 people
were evacuated from their homes.30
The financial costs of nuclear power are hotly
debated. Proponents of nuclear power often claim
that nuclear power produces more kilowatts than coal,
wind, or solar for less money.31 However, critics argue
that nuclear power proponents do not frequently
account for the substantial federal subsidies that frequently support nuclear power.32

Since the development of the first nuclear weapons
in 1945, more than 70,000 nuclear warheads have
been built around the world.20 Nuclear weapons
are just one application of nuclear technology. In
the 1950s, scientists turned their attention toward
the peaceful purposes of nuclear technology, such
as nuclear medicine and nuclear energy. Let’s
take a look at some of the benefits and costs of
nuclear energy.
Nuclear energy refers
to the energy stored within
the nucleus of an atom.
When atoms are split, a large
amount of heat is released.
This amount of energy is so
great that it can heat water up
to 520° Fahrenheit!21 Steam
from this hot water can be
used to turn turbines to generate electricity. The primary fuel used for nuclear energy is uranium—a nonrenewable resource (a limited resource, such as coal,
natural gas, or oil that cannot be replaced in a short
amount of time). Uranium can be found in rocks and
extracted from surface or underground mines. Uranium can also be recovered from oceans. Once extracted,
uranium is then processed into fuel for nuclear power
plants that convert it into electricity. About 13.5% of
the world’s electricity is generated from nuclear energy
and about 30 countries operate nuclear power plants.22
One main drawback of nuclear energy is the
radiation given off by the
process of nuclear fission. If
you lived within 50 miles of
a nuclear power plant, you
would receive an average
radiation dose of about 0.01
millirem/year.23 To put this
in perspective, the average
American receives an exposure of 300 millirem/year from background sources
of radiation such as the sun, x-rays, and substances in
the earth’s crust. Although the amount of radiation
exposure in the area around a nuclear power plant is
typically small, accidents have the potential to release
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Another point of contention between nuclear
power advocates and opponents is the amount of land
used for nuclear power. Supporters argue that in order
to produce 1,000 megawatts of power a wind farm
would have to cover about 150,000-180,000 acres and
a solar farm would have to cover 54,000 acres.33 To
produce the same amount of energy, a nuclear power
plant would only need to cover 200 acres. Opponents argue that these statistics do not account for
the amount of land that might be contaminated by
nuclear waste or the amount of land required to store
nuclear waste.
There are several reasons why communities might
turn to nuclear power as a source of electricity. Uranium has an incredibly high energy density (the amount
of energy stored in a given volume); one ceramic
pellet of uranium is about as big as your fingertip
yet has about as much energy as 150 gallons of oil.34
Although energy (usually from fossil fuels) is required
to mine and refine uranium, nuclear fission is a way to
produce electricity without creating greenhouse gases
and other air pollutants.
Will your organization support or oppose nuclear
power?

page 2

NUCLEAR WASTE DISPOSAL METHODS
—THAT WERE ACTUALLY PROPOSED!

In deep
geological
repositories

Shooting it
into the Sun

In volcanoes

Sinking it into
the bottom of
the sea
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Letter in Support of Nuclear Power
To those influencing environmental policy but opposed to nuclear power:
As climate and energy scientists concerned with global climate change, we are writing to urge you to advocate
the development and deployment of safer nuclear energy systems. We appreciate your organization’s concern
about global warming, and your advocacy of renewable energy. But continued opposition to nuclear power
threatens humanity’s ability to avoid dangerous climate change.
We call on your organization to support the development and deployment of safer nuclear power systems as
a practical means of addressing the climate change problem. Global demand for energy is growing rapidly
and must continue to grow to provide for the needs of developing economies. At the same time, the need to
sharply reduce greenhouse gas emissions is becoming ever clearer. We can only increase energy supply while
simultaneously reducing greenhouse gas emissions if new power plants turn away from using the atmosphere
as a waste dump.
Renewables like wind and solar and biomass will certainly play roles in a future energy economy, but those
energy sources cannot scale up fast enough to deliver cheap and reliable power at the scale the global economy
requires. While it may be theoretically possible to stabilize the climate without nuclear power, in the real world
there is no credible path to climate stabilization that does not include a substantial role for nuclear power.
We understand that today’s nuclear plants are far from perfect. Fortunately, passive safety systems and other
advances can make new plants much safer. And modern nuclear technology can reduce proliferation risks and
solve the waste disposal problem by burning current waste and using fuel more efficiently. Innovation and
economies of scale can make new power plants even cheaper than existing plants. Regardless of these advantages, nuclear needs to be encouraged based on its societal benefits.
Quantitative analyses show that the risks associated with the expanded use of nuclear energy are orders of
magnitude smaller than the risks associated with fossil fuels. No energy system is without downsides. We ask
only that energy system decisions be based on facts, and not on emotions and biases that do not apply to 21st
century nuclear technology.
While there will be no single technological silver bullet, the time has come for those who take the threat of
global warming seriously to embrace the development and deployment of safer nuclear power systems as one
among several technologies that will be essential to any credible effort to develop an energy system that does
not rely on using the atmosphere as a waste dump.
With the planet warming and carbon dioxide emissions rising faster than ever, we cannot afford to turn away
from any technology that has the potential to displace a large fraction of our carbon emissions. Much has
changed since the 1970s. The time has come for a fresh approach to nuclear power in the 21st century.
We ask you and your organization to demonstrate its real concern about risks from climate damage by calling
for the development and deployment of advanced nuclear energy.
Sincerely,
Dr. Ken Caldeira, Senior Scientist, Department of Global Ecology, Carnegie Institution
Dr. Kerry Emanuel, Atmospheric Scientist, Massachusetts Institute of Technology
Dr. James Hansen, Climate Scientist, Columbia University Earth Institute
Dr. Tom Wigley, Climate Scientist, University of Adelaide and the National Center for Atmospheric Research
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Civil Society Institute
1 Bridge Street, Suite 200, Newton, MA 02458; 672-928-3408; psolotls@gmail.com

Nuclear Information and Resource Service
6930 Carroll Avenue, Suite 3440, Takoma Park, MD 20912; 301-270-6477; nirsnet@nirs.org

January 6, 2014
Dr. James E. Hansen
Columbia University
Earth Institute
475 Riverside Drive
New York, NY 10115

Dr. Kerry A. Emanuel
Room 54-1814, MIT
77 Massachusetts Avenue
Cambridge, MA 02139

Dr. Ken Caldeira
Department of Global Ecology
Carnegie Institution of Washington
260 Panama Street
Stanford, CA 94305

Dr. Tom Wigley
National Center for Atmospheric Research
P.O. Box 3000
Boulder, CO 80307-3000

Gentlemen,
Although we greatly respect your work on climate and lending it a much higher profile in public dialogue
than would otherwise be the case, we read your letter of November 3, 2013 urging the environmental community to support nuclear power as a solution to climate change with concern. We respectfully disagree with
your analysis that nuclear power can safely and affordably mitigate climate change.
Nuclear power is not a financially viable option. Since its inception it has required taxpayer subsidies and
publicly financed indemnity against accidents. New construction requires billions in public subsidies to attract
private capital and, once under construction, severe cost overruns are all but inevitable. As for operational
safety, the history of nuclear power plants in the US is fraught with near misses, as documented by the Union
of Concerned Scientists, and creates another financial and safety quagmire – high-level nuclear waste. Internationally, we’ve experienced two catastrophic accidents for a technology deemed to be virtually ‘failsafe’.
As for “advanced” nuclear designs endorsed in your letter, they have been tried and failed or are mere blueprints without realistic hope, in the near term, if ever, to be commercialized. The promise and potential
impact you lend breeder reactor technology in your letter is misplaced. Globally, $100 billion over sixty years
have been squandered to bring the technology to commercialization without success. The liquid sodiumbased cooling system is highly dangerous as proven in Japan and the US. And the technology has proven to
be highly unreliable.
Equally detrimental in cost and environmental impact is reprocessing of nuclear waste. In France, the poster
child for nuclear energy, reprocessing results in a marginal increase in energetic use of uranium while largely
increasing the volume of all levels of radioactive waste. Indeed, the process generates large volumes of radioactive liquid waste annually that is dumped into the English Channel and has increased electric costs to consumers significantly. Not to mention the well-recognized proliferation risks of adopting a plutonium-based
energy system.
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We disagree with your assessment of renewable power and energy efficiency. They can and are being brought
to scale globally. Moreover, they can be deployed much more quickly than nuclear power. For instance, in the
US from 2002 to 2012 over 50,000 megawatts of wind were deployed. Not one megawatt of power from
new nuclear reactors was deployed, despite subsidies estimated to be worth more than the value of the power
new reactors would have produced. Similarly, it took 40 years globally to deploy 50,000 megawatts of solar
PV and, recently, only 2 ½ years to deploy an equal amount. By some estimates, another 100,000 MW will be
built by the end of 2015. Already, renewables and distributed power have overtaken nuclear power in terms of
megawatt hour generation worldwide.
The fact of the matter is, many Wall Street analysts predict that solar PV and wind will have reached grid
parity by the end of the decade. Wind in certain parts of the Midwest is already cheaper than natural gas on
the wholesale level. Energy efficiency continues to outperform all technologies on a cost basis. While the cost
of these technologies continues to decline and enjoy further technological advancement, the cost of nuclear
power continues to increase and construction timeframes remain excessive. And we emphasize again that no
technological breakthrough to reduce its costs or enhance its operation will occur in the foreseeable future.
Moreover, due to the glacial pace of deployment, the absence of any possibility of strategic technological
breakthroughs, and the necessity, as you correctly say, of mitigating climate risks in the near term, nuclear
technology is ill-suited to provide any real impact on greenhouse gas emissions in that timeframe. On the
contrary, the technologies perfectly positioned now, due to their cost and level of commercialization, to attain
decisive reductions in greenhouse gas emissions in the near term are renewable, energy efficiency, distributed
power, demand response, and storage technologies.
Instead of embracing nuclear power, we request that you join us in supporting an electric grid dominated by
energy efficiency, renewable, distributed power and storage technologies. We ask you to join us in supporting
the phase-out of nuclear power as Germany and other countries are pursuing.
It is simply not feasible for nuclear power to be a part of a sustainable, safe and affordable future for humankind.
We would be pleased to meet with you directly to further discuss these issues, to bring the relevant research
on renewable energy and grid integration to a dialog with you. Again, we thank you for your service and contribution to our country’s understanding about climate change.
The energy choices we make going forward must also take into account the financial, air and water impacts
and public health and safety. There are alternatives to fossil fuels and nuclear power and we welcome a chance
to a dialog and debate with each of you.
Sincerely,
Pam Solo
President and CEO
Civil Society Institute
Newton, MA
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United States Signers
Gary Gover
Chairman and President
Earth Day Mobile Bay, Inc.
Fairhope, AL

John Thielking (member of Santa Clara
County Green Party County Council)
Green Party Of Santa Clara County
San Jose, CA

Catherine Mullin
President
The Other Americas Radio
Santa Barbara, CA

Carl Wassilie
Yupiaq Biologist
Alaska’s Big Village Network
Anchorage, AK

Gar Smith
Co-founder, Environmentalists Against
War
Author, Nuclear Roulette
Berkeley, CA

Marilyn Chilcote
Beacon Presbyterian Fellowship
Oakland, CA

Hal Shepherd
Director
Center for Water Advocacy
Seward, AK
David Druding
Peoples’ Action for a Safe Environment
Parthenon, AR
Stephen Brittle
Don’t Waste Arizona
Phoenix, AZ
Dave Parrish
CEO
Operation Save the Earth
Phoenix, AZ
Hailey Sherwood
NAU Against Uranium
Flagstaff, AZ
Linda Seeley
Spokesperson
San Luis Obispo Mothers for Peace
San Luis Obispo, CA
Carolyn Scarr
Program Coordinator
Ecumenical Peace Institute/CALC
Berkeley, CA
David Hartsough
Executive Director
Peaceworkers
San Francisco, CA
Michael Welch
Redwood Alliance
Arcata, CA
Gene Stone
Residents Organized For a Safe
Environment (ROSE)
San Clemente, CA
Phoebe Sorgen
Fukushima Response Bay Area
Berkeley, CA
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Earl Katz
Founder and President Emeritus
Public Interest Pictures
Los Angeles, CA
James R. Monroe
Earth, Planetary & Environmental
Educator
Monroe Science Educational Services
Concord, CA
Todd Steiner
Executive Director
Turtle Island Restoration Network
Forest Knolls, CA
Marylia Kelley
Executive Director,
Tri-Valley CAREs (Communities Against
a Radioactive Environment)
Livermore, CA
Claire Greensfelder
INOCHI / Plutonium Free Future
USA / Japan
Berkeley, CA
Philip Tymon
Administrative Director
Occidental Arts and Ecology Center
Occidental, CA
Randall Hartman
President
South Bay Greens
Torrance, CA
Mark Schroeder, O.F.M.
Animator
Franciscans for Justice
Sacramento, CA
Jim Littlefield
West Coast Director
Surfers’ Environmental Alliance
Aptos, CA
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Mary Beth Brangan
James Heddle
Co-Directors, EON
The Ecological Options Network
Bolinas, CA
Robert Dodge, MD
Director
Citizens for Peaceful Resolutions
Ventura, CA
Rev. T. H. Fernandez
President
Church of All
Burbank, CA
David Seaborg
President
World Rainforest Fund
Walnut Creek, CA
Ed Oberweiser
Chair
Ocean Protection Coalition
Fort Bragg, CA
Aletha
Co-Founder
Free Soil Party USA
Los Angeles, CA
Wendy Oser
Nuclear Guardianship Project
Berkeley, CA
Gary Headrick
Co-founder
San Clemente Green
San Clemente, CA
Laurie Litman
350 Sacramento
Sacramento, CA
Jerry B. Brown, Ph.D.
Director, Safe Energy Project
World Business Academy
Santa Barbara, CA
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John C. Leddy
President
U.S. Water and Power
Los Angeles, CA
Sister Santussika Bhikkhuni
Director
Karuna Buddhist Vihara
Mountain View, CA
Carol Etoile, Roger Batchelder
Co-Directors
Organizing for Political and Economic
Rights
San Diego, CA
Mike Caggiano
President
Peace Action of San Mateo County
San Mateo, CA
Michael Saftler
President
Advocacy Coalition of Telluride
Telluride, CO
Dan Randolph
Executive Director
San Juan Citizens Alliance
Durango, CO
Pete Dronkers
Southwest Circuit Rider
Earthworks
Durango, CO
Bob Kinsey
Board Co-Chairperson
The Colorado Coalition for the
Prevention of Nuclear War
Denver, CO

Starling W Childs, MFS
President
Berkshire Litchfield Environmental
Council
Lakeville, CT
Nancy Burton
Director
Connecticut Coalition Against Millstone
Redding, CT
Enid Breakstone
Founder and Executive Director
The Queenie Foundation, Inc.
Manchester, CT
Judi Friedman
Chair
PACE (Peoples Action for Clean Energy,
Inc.)
Canton, CT
Heather White
Executive Director
Environmental Working Group
Washington, D.C.
Lois Gibbs
Executive Director
Center for Health, Environment & Justice
Washington, DC
Jim Riccio
Nuclear Policy Analyst
Greenpeace
Washington, DC
Jan BenDor
National Board Chair
Gray Panthers
Washington, DC

RJ Harrington, Jr.
Executive Director
Clean Energy Action
Boulder, CO

Gerry G. Lee
Director
Maryknoll Office for Global Concerns
Washington, DC

Jennifer Thurston
Information Network for Responsible
Mining
Norwood, CO

Alan Muller
Executive Director
Green Delaware
Port Penn, DE

Sharyn Cunningham
Co-Chair
Colorado Citizens Against Toxic Waste,
Inc.
Canon City, CO

Lynn Ringenberg, M.D.
Emeritus Professor Pediatrics
University of South Florida
President
Physicians for Social Responsibility/
Florida
Tampa, FL

Lee Grimes Evans
Chair
CT Sierra Club’s Nuclear-Free Committee
New Canaan, CT
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Cara Campbell
Ecology Party of Florida
Fort Lauderdale, FL
Diane Carr
Secretary
Transition Venice
Venice, FL
Barry J. White
President
Citizens Allied For Safe Energy, Inc.
Miami, FL
Valerie J. Amor, LEED AP BD+C, Assoc.
AIA, Lic. RE Broker
Drawing Conclusions LLC
Eco Logical Real Estate + Community
Builder LLC
Fort Lauderdale, FL
Glenn Carroll
Nuclear Watch South
Atlanta, GA
Judith Gordon
Co-Chair
Savannah River Group, Georgia Sierra
Club
Augusta, GA
Dan Kelly
Kulike Farm
Hakalau, HI
Joseph Kohn, MD
Medical Director
www.WeAreOne.cc
Wailuku, HI
Patrick Bosold
Chair and Conservation Chair
Leopold Group, S.E. Iowa chapter of Iowa
Sierra Club
Fairfield, IA
Liz Woodruff
Executive Director
Snake River Alliance
Boise, ID
David A. Kraft
Director
Nuclear Energy Information Service
Chicago, IL
Linda Lewison
Core Team Sierra Club Nuclear Free
Campaign
Board Member
Citizens Advocating to Protect Our Water
CAPOW
Chicago IL
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Carolyn Treadway
No New Nukes
Normal, IL
Maureen K. Headington
President
Stand Up/Save Lives Campaign
Burr Ridge, IL
Stanley Campbell
Sinnissippi Alliance for the Environment
Rockford, IL
Sharon Smith
National Organizer
International Socialist Organization
Chicago, IL
Kerwin Olson
Executive Director
Citizens Action Coalition
Indianapolis, IN
John Blair
Valley Watch
Evansville, IN
Kristin Shrader-Frechette, Ph.D.
O’Neill Family Endowed Professor
Department of Philosophy and
Department of Biological Sciences
University of Notre Dame
Notre Dame, IN

Karen Vale
Campaign Manager
Cape Cod Bay Watch
Plymouth, MA

Ken Bossong
Executive Director
SUN DAY Campaign
Takoma Park, MD

Hattie Nestel
Coordinator
Nuclear Free Future Coalition of Western
Massachusetts

Kevin Kamps
Beyond Nuclear
Takoma Park, MD

Mary Lampert
Director
Pilgrim Watch
Duxbury, MA
Sheila Parks, Ed.D
Convener
On Behalf of Mother Earth
Boston, MA
Sandra Gavutis
Executive Director
C-10 Foundation
Newburyport, MA
Meg Rayne
Clamshell Alliance
Newburyport, MA
Christine Bostek
Founder & President
Sands of White Horse Beach Association
White Horse Beach, MA
Laura H. Roskos
President
Women’s International League for Peace
and Freedom, U.S. Section
Boston, MA

Kristin Shrader-Frechette, Ph.D.
University of Notre Dame Center for
Environmental Justice and Children’s
Health
Notre Dame, IN

Joanna Hammond & Bruce Skud
Co-founders
No More Fukushimas
Newburyport, MA

Sister Mary Schmuck RSM
Peace Through Justice Newsletter
Nazareth, KY
Deb Katz
Executive Director
Citizens Awareness Network
Shelburne Falls, MA
Diane Turco
Cape Downwinders
Cape Cod, MA
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Albert Nunez
Capital Sun Group, Ltd.
Cabin John, MD
Dagmar Fabian
Crabshell Alliance
Baltimore, MD
Patricia T. Birnie
Chair
GE Stockholders’ Alliance
Sandy Spring, MD
Jay Levy
Nuclear Free Takoma Park Committee
Takoma Park, MD

Leslie Perrigo
Executive Director
Independent Environmental Conservation
& Activism Network
Muncie, IN

Suzanne Tallichet
Chairperson
Kentuckians For The Commonwealth
London, KY

page 5

Lillia Frantin
Pilgrim Anti-Nuclear Action
Falmouth, MA
Brian Quirk
President
Merrimack Valley People for Peace
North Andover, MA
Janice Kurkoski
North Quabbin Energy
North Quabbin Region, MA
Steve Comley
We The People
Rowley, MA

Max Obuszewski
Baltimore Nonviolence Center
Baltimore, MD
Dennis Nelson
Director
SERV (Support and Education for
Radiation Victims)
Kensington, MD
K. Gagnon
Coordinator
Global Network Against Weapons &
Nuclear Power in Space
Brunswick, ME
Natasha Mayers
Founder and Coordinator
ARRT!, the Artists’ Rapid Response Team
Whitefield, ME
John Burke
Secretary, Board of Directors
Maine Solar Energy Association
Jonesport, ME
Eric Justian
Executive Director
West Michigan Jobs Group
Muskegon, MI
Michael J. Keegan
Coalition for a Nuclear Free Great Lakes
Monroe, MI
Alice Hirt
Don’t Waste Michigan
Holland, MI
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Michael Potter
Chairman & President
Eden Foods
Clinton, MI

Ed Smith
Safe Energy Director
Missouri Coalition for the Environment
St. Louis, MO

Russell Greene
Co-Chair, Stop Global Warming,
Environmental Issues
Progressive Democrats of America
Grand Rapids, MI

Chris Daum
Oasis Montana Inc.
Renewable Energy Supply & Design
Stevensville, MT

Keith Gunter, Carol Izant
Co-Chairs
Alliance To Halt Fermi-3
Livonia, MI
Connie Beauvais
Director
Citizens for Alternatives to Chemical
Contamination
Lake Station, MI
Tom Goldtooth
Indigenous Environmental Network
Bemidji, MN
Lea Foushee
Environmental Justice Director
North American Water Office
Lake Elmo, MN
Kristen Eide-Tollefson and Sigurd
Anderson
CURE—Communities United for
Responsible Energy
Frontenac, MN
Judi Poulson
Chair
Fairmont, MN Peace Group
Fairmont, MN
Mary Hahn
Kruger Lake Nature Preserve, (Woodland
Culture)
Stearns County, MN
Matthew Schaut
President
Minnesota River Valley Audubon Chapter
(MRVAC)
Bloomington, MN
Rev. Shodo Spring
Founder
Compassionate Earth Walk
Northfield, MN
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Figure 1: People who believe nuclear power is a relatively safe/important electricity
source and that we should build new nuclear power plants.
Source: BBC Global Poll conducted by GlobeScan35
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Figure 2: Average views on the use of nuclear energy for electricity generation
in 2011 from the following countries: Brazil, China, France, Germany, India, Japan,
Mexico, Pakistan, Russia, Spain, the United Kingdom, and the United States.
Source: BBC Global Poll conducted by GlobeScan36
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Recall
Match the words on the left to their descriptions on the right.
1. Hazardous Waste

Waste that is harmful or fatal when ingested, inhaled,
or absorbed.

2. Municipal Solid Waste

Waste with one or more of the following
characteristics: ignitability, corrosivity, reactivity,
or toxicity.

3. Toxic Waste

A resource that is not safely recycled back into the
environment or the marketplace.

4. Waste

The everyday items we use and then throw away,
such as packaging, food scraps, grass clippings, sofas,
computers, tires, and refrigerators.

Reasoning/Explanation
Complete the following multiple choice questions by choosing the most correct answer.
5. Which of the following is not one of the three pillars of sustainability?
a. social well-being
b. economic prosperity
c. ecosystem health
d. environmental health
6. Which of the following could not be described as a sustainable waste choice?
a. donating clothes that no longer fit
b. planting native trees and flowers in your backyard
c. using a refillable water bottle
d. reusing a soda bottle to make a bird feeder
7. Why was CERCLA, commonly known as the Superfund program, established?
a. to address pollution at hazardous waste sites around the United States
b. to clean up pollution at the Love Canal
c. to create a plan for the storage of nuclear waste
d. to clean up pollution at the Hanford Nuclear Reservation
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8. Which answer is an example of a positive unintended consequence?
a. In 1936, the giant African snail was introduced to Hawaii as a food source for
people. The snails began eating native plants and agricultural crops.
b. A city banned single-use plastic bags to reduce waste production. Stores begin
using thicker, reusable plastic bags which consumers still dispose of, leading to
more waste.
c. A country imposes a pay-by-pound waste management policy. People begin
burning their trash to minimize their garbage collection fees.
d. A school begins composting in order to reduce their waste collection bills. The
compost attracts worms that increase the productivity of the school’s garden.
9. What is the main reason that the Superfund Trust Fund tax was implemented?
a. to help the Department of Natural Resources increase recycling and composting
programs
b. to help the Environmental Protection Agency clean up hazardous and toxic
waste sites
c. to help the Department of Justice find and prosecute polluting companies
d. to help the Fish and Wildlife Service restore native habitats
10. Which of the following is the best example of the polluter pays principle?
a. A polluter pays to dispose of their hazardous waste.
b. A polluter pays for pollution cleanup costs.
c. A law is passed that makes it illegal for anyone to create pollution.
d. A polluter pays for pollution cleanup costs and social and environmental
damages.
11. What was the original purpose of the Hanford Nuclear Reservation?
a. to build the world’s first atomic bomb
b. to create uranium for the world’s first atomic bomb
c. to store nuclear waste
d. to create plutonium for the world’s first atomic bomb
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12. Which concept best describes the graphic below?

DDT

a.
b.
c.
d.

Rabbitbrush
0.10 ppm DDT

Ant
0.23 ppm DDT

Swallow
0.37 ppm DDT

Badger
2.07 ppm DDT

trophic transfer
bioaccumulation
biomagnification
persistent organic pollutants (POPs)

13. Which of the following actions best illustrates community development?
a. A neighborhood association develops a recycling program.
b. A teenager helps her family begin composting.
c. An individual commits to generating less waste.
d. A company begins reusing old products to make new ones.
14. Which of the following describes one of the main benefits of nuclear power?
a. Nuclear power is a renewable resource.
b. Nuclear power does not rely on government subsidies.
c. Nuclear power plants release fewer greenhouse gas emissions.
d. Nuclear power plants are relatively cheap to build.
15. Which of the following best exemplifies the precautionary principle?
a. A store recalls a brand of bleach because it does not contain a hazard warning.
b. A juice company adds a “please recycle” message to their packaging.
c. A company ensures that its new laundry detergent is safe before selling it.
d. A family takes their batteries to a recycling center, instead of tossing it out with
their household waste.
16. Which of the following statements best describes why the world’s current waste
disposal practices could be considered environmentally unsustainable?
a. Waste disposal is a contributor to human-generated nitrogen gas emissions.
b. E-waste dumps in developing nations put unprotected workers and the environment at risk.
c. Recycling and composting are expensive and time consuming.
d. Earth has finite resources and space.
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Application/Complex Reasoning
Answer the following questions using complete sentences.
17. Review the following flow chart before answering Parts A, B, and C.
Researchers develop a new
medicine that effectively
treats CRE bacterial infections, which can be deadly.

Two months later, the new
medicine is made available
for consumers.

One year later, it is discovered
that this medicine can cause
severe side effects, such as
seizures and migraines.

Part A. Describe one ethical dilemma that researchers might face in this scenario.
Part B. What is one potential benefit of introducing the precautionary principle
at step 1?
Part C. What is one potential cost of introducing the precautionary principle at
step 1?
18. Part A. List one social, one economic, and one environmental cost of the Hanford
Nuclear Reservation.
Part B. List one social, one economic, and one environmental benefit of the
Hanford Nuclear Reservation.
Part C. What is one way that community development can be used to address the
social, economic, and environmental costs of the Hanford Nuclear Reservation?

RICHARD BROWNE

19. This year, Company A dumped 100 tons of
hazardous waste into the Colorado River
near the Grand Canyon. Last year, Company
B dumped 10 tons of toxic waste at this
same site. Thirty years ago, Company C
dumped 5 tons of municipal solid waste at
the same site. Today, the U.S. Environmental
Protection Agency has discovered this waste
dump and has determined that this pollution
has impacted a local river rafting company’s
business. The pollution has also damaged
habitat of the California brown pelican,
which is an endangered species.
Part A. In this scenario, who is/are the potentially responsible party/parties for this
cleanup?
Part B. What will the potentially responsible party/parties be legally required to pay
for under the polluter pays principle? List all possible answers.
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Part I.
Directions: How much do you agree with each of the statements below? Give your
response using a scale from 1 to 5, where 1 means you strongly disagree and 5
means you strongly agree.
1

2

strongly
disagree

slightly
disagree		

3

4

5

neutral

slightly
agree

strongly
agree

1. Society should reduce its production of waste.
1

2

3

4

5

2. My personal waste production has local impacts.
1

2

3

4

5

3. My personal waste production has global impacts.
1

2

3

4

5

4. I can contribute to sustainable waste solutions by making informed choices and
by taking informed actions.
1

2

3

4

5

4

5

5. Earth has limited space to store waste.
1

2

3

6. I know where my waste goes after it is thrown away.
1

2

3

4

5

7. There is a connection between sustainability and waste.
1

PRE AND POST ASSESSMENT

2

3

4

167

5

© FACING THE FUTURE www.facingthefuture.org

Name

Date

Period

Pre and Post Assessment: Personal Attitudes and Beliefs,

page 2

Part II.
Directions: Answer the questions below using complete sentences.
8. Explain your thinking behind your answer to #7.
		_____________________________________________________________________________________________________________
		_____________________________________________________________________________________________________________
		_____________________________________________________________________________________________________________
		_____________________________________________________________________________________________________________
9. Two ways that I can reduce my production of waste include:
		_____________________________________________________________________________________________________________
		_____________________________________________________________________________________________________________
		_____________________________________________________________________________________________________________
		_____________________________________________________________________________________________________________
10. Two ways that I can encourage my neighbors to dispose of their waste more sustainably include:
		_____________________________________________________________________________________________________________
		_____________________________________________________________________________________________________________
		_____________________________________________________________________________________________________________
		_____________________________________________________________________________________________________________
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Teacher Master
Pre and Post Assessment: Content Knowledge
Recall (1 point each, 4 points total)
1. Hazardous Waste—Waste with one or more of the following characteristics: ignitability,
corrosivity, reactivity, or toxicity.
2. Municipal Solid Waste—The everyday items we use and then throw away, such as packaging,
food scraps, grass clippings, sofas, computers, tires, and refrigerators.
3. Toxic Waste—Waste that is harmful or fatal when ingested, inhaled, or absorbed.
4. Waste—A resource that is not safely recycled back into the environment or the marketplace.
Reasoning/Explanation (1 point each, 12 points total)
5. c

9. b

13. a

6. b

10. d

14. c

7. a

11. d

15. c

8. d

12. c

16. d

Application/Complex Reasoning (points vary, 9 points total)
17. Part A. Answers will vary. Possible answers include: (1 point)
• Researchers have to decide if the side effects of the medicine outweigh its benefits.
• If researchers do not sell the medicine soon after its development, more people will die from
from CRE infections. If researchers do not complete long term testing of the medicine, people
may suffer unknown side effects.
		
Part B. Answers will vary. Possible answers include: (1 point)
• Long-term testing of the medicine would have been completed, and the side effects could
have been discovered before they affected consumers.
• Long-term testing of the medicine would have been completed, and before people used the
medicine they could have been warned about its side effects.
• Long-term testing of the medicine would have been completed, and researchers could have
altered the medicine so that its side effects were minimized or eliminated.
		
Part C. Answers will vary. Possible answers include: (1 point)
• Long-term testing of the medicine would have been completed. People suffering from CRE
infections would have had to wait longer for treatment, increasing their chances of death.
• Additional testing of the medicine would have increased its costs to consumers.
18. Part A. Answers will vary. Possible answers include: (1 point)
Social
• Families were forced to leave
their homes and farmland
• Workers were sickened by
exposure to radiation and
radioactive wastes
• People were killed and injured
at the bombings of Hiroshima
and Nagasaki.
• Residents suffered from health
impacts
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Economic
• Costs to properly store waste
• Costs to clean up waste
• Costs to correct environmental
damage
• Costs to compensate injured
workers
• Costs to track down radioactive
animals
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Environmental
• Contamination of soil
• Contamination of groundwater
• Contamination of the Columbia
River
• Radioactive plants
• Radioactive animals
• Waste that is dangerous for
thousands of years
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Part B. Answers will vary. Possible answers include: (1 point)
Social
• Contributed to the end of World
War II
• National pride
• Scientific advancement
• Creation of the Manhattan
Project National Park

Economic
• New jobs were created
• Regional development
• Creation of the Manhattan
Project National Park

Environmental
• Some of Hanford’s land has been
preserved as a refugium
• Hanford has acted as a refugium
for native plants
• Hanford has acted as a refugium
for native animals

Part C. Answers will vary. Possible answers include: (1 point)
• Community members could participate in meetings about Hanford’s cleanup.
• Community members could create a Community Advisory Group to oversee Hanford’s
cleanup.
• Community members could educate others about the effects of Hanford’s waste.
• Community members could petition the U.S. Environmental Protection Agency for stricter
cleanup standards.
19. Part A. Company A, Company B, and Company C (1 point)
		
Part B. In this scenario, the companies would need to pay to clean up their pollution and pay
to restore the river so that the effects of the pollution are no longer impacting the river rafting
business or the California brown pelican. (2 points)

PRE AND POST ASSESSMENT
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ROD RAGLIN | FLICKR.COM

Municipal
Solid Waste
Waste begins with consumption. Consumption can mean different
things to different people, but in economic terms, consumption refers
to the use of goods and services. Every time we buy new clothes, get a
haircut, or fill our cars with gas, we are acting as consumers.
Consumption choices have a major impact on sustainability. As you
read in the municipal solid waste country profiles, consumption is tied
to many other global issues, such as pollution, workers’ rights,

JOE SHLABOTNIK | FLICKR.COM

A family’s municipal solid waste left out for trash and recycling collection.

and human health. The first step towards a
zero-waste culture is minimizing the amount
of waste we generate from the start of the
materials economy (the system of extracting raw
materials, turning them into manufactured

Personal Solutions:
The Conscious Consumer
Habits of consumption and waste often begin
at home. When you buy a shirt, how long do
you plan to keep it? Do you hang on to the
shirt until it is too small or too worn? Or until
the shirt has gone out of style? What do you
plan to do with that shirt when you are done
with it? Throw it in the trash or donate it to a
clothing bank?

Rethinking Plastic

Mike Biddle made plastic products
for a living as a chemical engineer.
However, Mike grew concerned with
the amount of plastic waste generated by his industry, as well as troubled by where e-waste disposed of in
the United States ultimately ended
up—as it turns out, mostly dumped
in the developing world. In 1992,
he changed course and developed
a method for recycling the plastic
he once produced. Mike wanted to
tackle the problem of mixed plastics,
such as laptops, which were often
considered too difficult to recycle and
would end up in landfills.

2

Mike figured out
a process to reduce
these mixed plastics
to their purest form.
This process requires
shredding, cleaning, and grinding the
plastic waste into very
small pieces. Then the
Shredded plastic before recycling.
confetti-sized bits of
pure plastic are sorted
100 million tons of plastic annually,
by type and color and sold for reuse.
Mike’s work could prevent much
This process can use as little as
of this waste from entering our
10 percent of the energy required
landfills and the natural
to make virgin plastics. With
environment.
consumers discarding more than

READING 1 Pathways to Progress: Municipal Solid Waste
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CASE STUDY

products, and selling them to consumers who
use and dispose of them).
When a product is consumed, the last step
of the materials economy is disposal. As you
have learned, disposal can mean many things:
to dump, burn, recycle, compost, or reuse
waste. Disposal does not mean throwing something away, although that is how most people
have come to think of it. Your waste does not
disappear. How you dispose of your waste can
affect the water you drink, the air you breathe,
even the health of your local and global
community.
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Each year, cities generate nearly 1.4
billion tons (or 2.8 trillion pounds) of waste.1
This amount is projected to grow to 2.4 billion
tons (or 4.8 trillion pounds) by 2025.3 What
habits can you change in your own life to
reduce that number? It may seem like a drop in
the bucket, but if each of us tries to reduce our
waste and become a more conscious consumer,
our efforts will add up.
Lauren Singer, a student at New York
University, realized she was a part of the waste
problem and decided to change course to
become a part of the solution. She noticed
many of her fellow students bringing their
lunch into class, usually in plastic containers
with plastic forks and plastic water bottles. At
the end of class, all that plastic would make its
way to the trash. As an Environmental Studies major, she grew frustrated with this waste
because she knew its effect on our environment.
However, when Lauren went home and opened
her fridge to make dinner, she saw plenty of
plastic and packaging. She realized she was
also a part of the problem, but she decided to
do something about it. For the last two years,
Lauren has not produced any trash. She says it
is easier than you would think and not only is
she walking the talk of environmental stewardship but she is happier, healthier, and wealthier!
Lauren’s waste-free lifestyle inspired her to

CASE STUDY

Lauren uses reusable containers instead of plastic bags when she
goes grocery shopping.

launch a Kickstarter campaign and start her
own company, The Simply Co., an ethical
laundry detergent made from just baking
soda, washing soda, and castile soap.4
Way to go, Lauren!

Food Recovery Certified

Did you know that 70 billion of
pounds of food is wasted in the
United States each year?5 That’s
40% of the country’s edible food. The
amount of food waste is especially
alarming when you consider that
one in six American families do not
know where their next meal will come
from.6 There is a solution that could
help address the issue of hunger:
food recovery. Food recovery means

donating any perishable, surplus, or
unsold food to those in need.

READING 1 Pathways to Progress: Municipal Solid Waste
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An organization called the Food
Recovery Network is working toward
this solution. They have developed a
Food Recovery Certification Program
to recognize and reward businesses
for donating their surplus and unsold
food to local nonprofits. In particular, many dining halls on college
campuses across the United States
have been Food Recovery Certified.
www.foodrecoverynetwork.org
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Community Solutions:
Mass Momentum
A culture can support certain habits of waste. In
your community, is the act of recycling taught
from an early age and praised? Are recycling
and compost receptacles prominently displayed?
If someone is spotted throwing away something that can easily be reused or recycled, does
another member of the community approach
them and ask them to rethink their decision?
Even though 87% of Americans have
access to paper recycling programs, only 63.5%
of paper was recycled in 2010. The amount of
paper sent to the landfill in 2010 would cover
26,700 football fields in paper three feet deep.7
For the majority of Americans that do have
access to paper recycling programs, why might
not all of them recycle paper?
Community efforts can be a powerful force
in determining how waste is handled. In Brazil,

Structural Solutions:
Government Support
Sustainable solutions come in all shapes and
sizes. Local and national governments can play

Alex Freid

For Alex Freid, a student at the
University of New Hampshire, one
habit of waste he wanted to break
was the ritual of college students
dumping the contents of their dorm
rooms into the trash every spring
when school let out. This ritual generated five times the amount of trash
normally produced on campus in a
given month. Alex started a program
that collects all items students would
otherwise throw away, stores them
over the summer, and then holds a
big sale the next fall for incoming
students where the used items are
sold at a reduced cost. In the spring,
drop off locations are set up at each
dorm and there is even a service that
will pick up items from off-campus
apartments. Profits from the fall sale
are used to promote other waste

POST-LANDFILL ACTION NETWORK

YOUTH PROFILE

a labor-environmentalist coalition launched
a national Zero-Waste Alliance.8 One of the
Alliance’s goals is to stop incineration (burning
trash), an effort spearheaded by the recycling
workers. Burning waste releases cancer-causing
toxins and other air pollutants that pose a risk
to our health and contribute to climate change.
In 2002, an incinerator was proposed in São
Paulo. This proposal was stopped with the help
of the National Movement of Recycling Workers
(MNCR), local nonprofits, and other community
leaders. The MNCR has also pushed for fair and
safe working conditions for their recycling workers, the vast majority of whom are women.

Students from the University of New Hampshire started the Trash 2 Treasure
program.
reduction initiatives on campus
throughout the year. The program
has already diverted over 110 tons
of usable materials from landfills.
Now Alex is helping others organize

READING 1 Pathways to Progress: Municipal Solid Waste

174

similar programs at college campuses across the county.9 What is
one wasteful habit in your community
you could help address?
www.postlandfill.org
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a major role in moving towards a zero-waste
culture. A government could pass laws that
make recycling and composting mandatory,
ban the use of plastic bags at grocery stores,
or provide incentives for people to minimize
their waste, such as lowered garbage bills or
tax rebates. One example of a governmental

WHAT YOU CAN DO

organization promoting a change in wasteful
habits is the European Union, which requires
all member countries recycle at least 50% of
their municipal solid waste by 2020.10
In the end, a zero-waste culture is the ultimate sustainability goal. After all, we only get
one Earth, so we had better treat it right.

Reducing Waste

There are many ways you can help work toward a zero-waste
lifestyle. The following ideas are just a few solutions.
n

Join the Zero-Waste Challenge

n

SARA~ | FLICKR.COM

At its most basic, the zero-waste movement is about
significantly reducing—and eventually completely
eliminating—the amount of waste we produce. The
first step toward a zero-waste lifestyle is minimizing
consumption. The next step is reusing, composting,
and recycling waste whenever possible. Encourage
your school and family to take on a zero-waste challenge. http://zerowastemarin.org/take-a-challenge

Recycle and compost waste to reduce your
waste footprint.

Upcycle

n

Have you ever heard to phrase “trash to treasure?”
This refers to upcycling—the process of converting old
or discarded materials into something useful and often beautiful. Examples include creating a shirt from
old sheets, or a mural from litter. For project ideas,
visit: www.upcyclethat.com.
n

Start composting
Landfills full of decomposing food release methane, a
potent greenhouse gas. Landfills in the United States
are full of food—organic waste is the second biggest
component of the country’s landfills.12 By composting
inedible food, you reduce the amount of landfill space
needed, while producing compost that is valuable
for gardening and landscaping. Start a composting
program at home, at school, or in your community.
http://web.extension.illinois.edu/homecompost/
building.cfm

Say no to junk mail
Did you know that the average American adult
receives 41 pounds of junk mail each year?11 About
44% of this mail goes to the landfill unopened. Use
the PaperKarma app to reduce the amount of junk
mail your family receives. www.paperkarma.com

CHECK FOR UNDERSTANDING
1. How are consumption and municipal solid waste
related?

3. What are three steps that you could take to work
toward a zero-waste lifestyle?

2. How does waste relate to the three pillars of
sustainability: society, economy, environment?

4. How can your community encourage sustainable
solutions to waste?

READING 1 Pathways to Progress: Municipal Solid Waste
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Waste comes in all shapes and sizes. Even the word itself has many
different uses: to waste money, to waste time, to waste away. Waste is a
powerful word that, although it is used in many different ways, fundamentally expresses a negative feeling of something lost. As Henry David
Thoreau so elegantly put it, “Thank God men cannot fly, and lay waste
the sky as well as the earth.”

TOM MURPHY VII

Hazardous
Waste

U.S. EPA | FLICKR.COM

A community
household
hazardous waste
drive.

For our purposes we have focused on four
particular types of waste:
municipal solid waste (MSW)—The everyday items we use and then throw away, such
as packaging, food scraps, grass clippings,
sofas, computers, tires, and refrigerators.
MSW does not include industrial, hazardous, or construction waste.
hazardous waste—Byproducts of society or
waste materials of manufacturing that have
some dangerous property; generally categorized as corrosive, ignitable, toxic, reactive,
or in some way harmful to people or the
environment.
toxic waste—Wastes that are harmful or
fatal when ingested, inhaled, or absorbed.
nuclear waste—Radioactive material
generated from nuclear weapons and the
operation of nuclear power stations.
READING 2 Pathways to Progress: Hazardous Waste

Low-level wastes can be disposed of relatively easily but highly radioactive material
requires very costly methods of storage that,
because of the long half-life of some waste,
must last for thousands of years.
Is waste inevitable? If so, what should we do
when waste poses a threat to the health of our
communities and our environment?

Personal Solutions:
Household Hazardous Waste
From laundry detergent to batteries, we keep
many hazardous chemicals in our homes.
While these chemicals may pose a danger, their
potential harm can be managed with precaution and education. Knowing which items in
your house are hazardous is important; keeping
those items out of the hands of those too young
to know the risk is also essential.
177
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When we are through using these hazardous chemicals, the remnants become hazardous
waste. Household hazardous waste can pose a
significant health or environmental risk if not
disposed of properly. For example, a half-used
bottle of bleach thrown in the trash might leak.
As a result, sanitation workers, whose job it is
to sort and process the trash, may be exposed
to the bleach while unaware of its hazardous
nature. If the bleach bottle is left in an unsealed
landfill, there is also a risk that the bleach could
contaminate soils and groundwater.
One solution is the proper disposal of these
wastes, which may take some extra effort and
education. Check with your local waste management authority to find out how to properly
dispose of toxic and hazardous chemicals. Also
keep in mind a second solution: to not buy
these products in the first place.
There are often natural, non-hazardous
alternatives to many hazardous household
items found in our homes. Many window
cleaners contain 2-butoxyethanol, a powerful
solvent that can irritate your eyes, nose, and
throat.1 A safer alternative is to wash your
windows with newspapers and diluted vinegar.
Vinegar may not have the sweet smell of other
window cleaners, but it does the trick.

YOUTH PROFILE

Community Solutions:
Not In My Back Yard
In addition to the challenge of how to
safely dispose of hazardous wastes, we must
also decide where to dispose of these wastes.
Many communities fight against the
placement of a dump in their neighborhood—
an opposition often referred to as NIMBY,
or, “not in my back yard.” Critics of this position argue that NIMBY communities want all
the benefits of modern products that generate
hazardous waste without any of the costs.
On the other hand, it seems only rational for
community members to fear the risks of
storing hazardous waste so close to where they
work and play.
Unfortunately, hazardous dumps are
often found in disadvantaged communities—
communities with limited access to decision
makers and fewer resources to assert their
opposition. A study from the 1980s found
the socio-economic and race backgrounds
of communities surrounding four major

Jessica Assaf

When a teenager from California
learned that some makeup products
actually had toxins in them that
could cause cancer, she decided to
take action and make sure these
products were taken off store
shelves.
Jessica Assaf worked with the
Teens for Safe Cosmetics campaign
to create Operation Beauty Drop,
which placed large bins in malls for
teens to drop off beauty products
containing toxins. Those toxic beauty
products were sent back to the man-

READING 2 Pathways to Progress: Hazardous Waste

ufacturers with a petition signed by
teenagers demanding the products
be made with safe chemicals.
Jessica and her friends urged
their state senators to pass a bill in
California requiring manufacturers
to inform the Department of Health
Services if their products contained
toxics. The bill became a law in
2007. As a result, cosmetic manufacturers are now required to label
products in California if they contain
chemicals known to cause birth
defects or cancer.2
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Jessica Assaf
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landfills were predominantly low-income and
minority.3
NIMBY is just one piece of the hazardous
waste puzzle. The broader hope is to avoid
exposing any community to hazardous and toxic
contaminants. This hope can be realized by:

Structural Solutions: CERCLA

• building hazardous storage facilities where
they pose the least amount of harm;

Government can play a role in addressing
concerns about hazardous waste by regulating hazardous waste sites and ensuring necessary cleanup projects are funded. One example
of governmental action on hazardous waste is
the Comprehensive Environmental Response,
Compensation, and Liability Act (CERCLA).
In 1980, the United States Congress enacted
CERCLA to:

• cleaning up contaminated sites before people
get hurt.

• ensure those who are responsible for hazardous waste sites will clean them up; and

• limiting the amount of hazardous waste we
generate;

• ensuring we store hazardous waste in the
safest way; and

• regulate closed and abandoned hazardous
waste sites;

• create a trust fund to help clean up hazardous
waste sites when no responsible party could
be identified, also known as the Superfund
program.
Under CERCLA, commonly known as
the Superfund program, abandoned hazardous

Elmira, New York

The 93rd and 99th Street Schools in
Love Canal are not the only schools
to be built on land contaminated
with hazardous chemicals. In Elmira,
New York, a school was built on a
piece of land used by heavy industry
for over 100 years.4 The land was
chosen because it was readily available and sold at a price the school
could afford. There was a running
joke about how the pond behind the
school would never freeze during
the winter. It turns out the pond
had been contaminated with motor
fuel and other chemicals buried in
the ground during industrial use
and now leached below the school.
Dozens of current and former
students have been diagnosed
with cancer potentially linked to
the contamination.5

READING 2 Pathways to Progress: Hazardous Waste

CENTER FOR HEALTH AND ENVIRONMENTAL JUSTICE

CASE STUDY

Young residents in Love Canal joined the protest.
Elmira is not an isolated case.
Schools in Los Angeles, Houston,
and Marion, Ohio have all grown con-
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cerned that their location near toxic
contamination has had a detrimental
health impact on their students.6
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waste sites are identified and ranked.
Those ranked highest receive funding first.
This governmental role is crucial because
cleanup of hazardous waste sites can be

WHAT YOU CAN DO

expensive. If the responsible party evades their
duty to clean up the site, the cost of cleanup
can often prove too pricey for a local community to manage on its own.

Hazardous Waste

There are many ways that you can help prevent human
health and environmental harm from household hazardous waste. The following ideas are just a few solutions.
n

Safe Storage

n

JOHNS CREEK | FLICKR.COM

Encourage your family and school to store household
hazardous products in childproof containers and
place them in locations where children cannot reach
them. Hazardous products should not be kept in
containers that look like food or drink containers.

Read Labels
Read the label before using cleaning products, pesticides, and even pet products. Some of these products
can be dangerous if you use too much.

n

Host a household hazardous waste drive in your community to encourage the proper disposal of hazardous
waste.

Find Safer Alternatives
Avoid products with a signal word on the label, such
as “Caution,” “Danger,” or “Toxic,” indicating they
are hazardous. The safest products are those without
a signal word or that are labeled nontoxic. The GoodGuide has an app to help you find nontoxic household
products: www.goodguide.com/about/mobile
Your family or school can even make nontoxic
household cleaners using natural ingredients.
Visit Earth Easy for some natural cleaning ideas:
www.eartheasy.com/live_nontoxic_solutions.htm

n

household hazardous waste, like cleaners,
paints, and batteries. Smaller communities often
hold annual drives to collect this waste. Contact your
local environmental services agency or solid waste
authority for more information.
n

Report Improper Disposal
The U.S. Environmental Protection Agency has several
hotlines to report the improper disposal of hazardous
waste. Visit the following website to find contact information for your regional EPA office. www2.epa.gov/
home/report-spills-and-environmental-violations

Encourage Proper Disposal
Many larger communities have hazardous waste
centers where your family can drop off unwanted

CHECK FOR UNDERSTANDING
1. What are the main differences between municipal solid
waste, hazardous waste, toxic waste, and nuclear waste?

3. How might CERCLA discourage the production of
hazardous and toxic waste?

2. How could you decrease the amount of household
hazardous waste in your home?

4. How are some disadvantaged communities
disproportionately exposed to hazardous waste?

READING 2 Pathways to Progress: Hazardous Waste
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Polluter Pays
Principle
When a law is broken, it is often related to someone failing in their legal
responsibility to their family, friends, job, or community at large. The
concept of liability is one of the foundations of modern society and is at
the heart of our legal system. Liability is the state of
being legally responsible for something.

Liability is also at the heart of environmental laws. When a business produces harmful
pollution, they have a responsibility to the
community and natural environment harmed
by that pollution. For example, coal is often
contaminated with mercury that is released
when the coal is burned. As a result, coal-fired
power plants often emit high levels of mercury.
When mercury enters our bodies, it acts as
a neurotoxin, interfering with the brain and
nervous system and potentially resulting in
memory loss and tremors. If you lived near a
coal-fired power plant and started to experience
tremors and memory loss, who might
you blame? If you started receiving expensive
medical bills from all the doctor visits related
to those health problems, who would you
want to pay them?
Of course, it is never quite this simple.
The effects of pollution can be difficult to
trace backward or forward and the law does
not necessarily say the coal plant has to pay
LEED Certification Criteria
Category

Examples

Neighborhood
Development

• Avoid environmentally sensitive spaces.
• Promote on-site infiltration of
stormwater.
• Provide bike lane.

Building
Operations &
Maintenance

• Reduce potable water use with
water-efficient fixtures.
• Install controls on HVAC systems to
be more responsive to user activity.
• Utilize on-site renewable energy.

Building Design
& Construction

• Reduce construction waste.
• Use recycled materials and
sustainably-certified wood.

Interior Design
& Construction

• Utilize daylight where possible.
• Offer ventilation able to continuously
deliver outside air.
• Use low-VOC-emitting paints and
finishes.

READING 3 Pathways to Progress: Polluter Pays Principle
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your medical bills, even if you can prove their
pollution caused your memory loss and
tremors. However, it is this notion that forms
the basis for many of our environmental laws.
This notion is often referred to as the polluter
pays principle. This principle requires that
the costs of pollution be borne by those who
cause it.
For an individual or business to be found
liable, they must fail in their legal responsibilities. This requires two things: (1) the legal
responsibility to be clearly defined, and (2) the
individual or business to have failed in their
obligations under the law.

Commercial Solutions:
Corporate Social
Responsibility
Many companies are committed to responsible
business practices and incorporate these
policies into their daily business operations,
in what has been coined Corporate Social
Responsibility. Corporate Social Responsibility
is an approach to business whereby a company
holds itself responsible for the impact of its
actions on consumers, workers, communities,
and the environment.
One leader in Corporate Social Responsibility includes Tom’s of Maine. This company
produces natural personal care products, such
as soap, toothpaste, and mouthwash. As part
of its Corporate Social Responsibility policy,
the company gives 10% of its profits back to
nonprofit organizations that support social
and environmental initiatives and encourages
its employees to use 5% of their employee time
to volunteer.1
There are also industry-wide frameworks
that help businesses achieve sustainable,
responsible practices. Leadership in Energy
& Environmental Design (LEED) is a green
building certification program that recognizes
best-in-class building strategies and practices.
To achieve LEED certification, a building must
gain a certain number of credits across a broad
© FACING THE FUTURE www.facingthefuture.org

Community Solutions:
Ensuring Accountability
While environmental laws like CERCLA, the
Clean Water Act, and the Endangered Species
Act help define what legal responsibilities exist,
enforcement of these laws is just as crucial as
their existence.
Public interest law firms help hold polluters accountable for the pollution and environmental harm they generate. At the University
of Maryland’s Francis King Carey Law School,
their environmental law clinic represents Maryland communities who are disproportionately
impacted by existing and proposed polluting
facilities.2 At Lewis & Clark Law School in
Oregon, the Earthrise Law Center has brought
legal action against numerous industrial facilities that discharge pollutants into waterways.3
There are also advocacy groups that help
citizens impacted by pollution assert their
rights. Lois Gibbs, who spearheaded the Love
Canal protests and community organization,
founded the Center for Health, Environment

YOUTH PROFILE

& Justice. This national nonprofit organization
provides organizing and technical assistance
to grassroots community groups in the environmental health and justice movement.5 The
group “works to level the playing field so that
people can have a say in the environmental
policies and decisions that affect their health
and well-being.” The Center for Health,
Environment & Justice advocates for responStudents participating in a Power Shift rally for renewable energy.

LINH DO | FLICKR.COM

range of categories.

Shadia Wood

As a student in New York, Shadia
Wood was worried when she learned
New York’s Superfund account—the
money set aside for cleaning up the
most dangerous hazardous waste
sites in her state—had gone bankrupt.
This issue hit close to home for
Shadia, who grew up next to a Superfund site storing nuclear waste, pesticides, and solvents. These wastes
posed risks to her local community.
Shadia, and other members
of the student club Kids against
Pollution, decided to voice their
concerns and get the account

4

Kids Against Pollution
refunded. Shadia and her fellow
students held bake sales, wrote
letters, conducted workshops, and
expressed their concerns to their
local representatives. They took
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advantage of Earth Day lobby day,
an annual event at New York State’s
legislature, to meet with their state
representatives in person and
discuss their concerns. After nearly a
decade of advocacy, a bill was finally
passed to refinance the Superfund
program.
As Shadia found, “Youth are
the people that are going to have to
live with the good or bad decisions
our predecessors have made for us,
while we’re too young to vote we can
still get involved to determine our
own future and I think we did.”
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sible corporate behavior and governmental
reforms of flawed chemical regulatory policies.

Structural Solutions:
Reinstating the CERCLA Tax
The Superfund tax is a prime example of the

Environmental Lawyer

Environmental lawyers work in many
different settings and on many types
of issues, but they all share one
common trait—they work specifically
to help individuals, businesses,
nonprofit organizations, or governments navigate the complex world
of environmental law at the federal,
state, and local level.
Nancy Marks is a Senior Attorney
with the Natural Resources Defense
Council (NRDC) in New York. Her primary responsibilities include defending the Clean Air Act, the Clean Water
Act, and the Resource Conservation
and Recovery Act in federal courts.
Nancy has been working for the
NRDC for more than 20 years and has
won several cases that ensure companies clean up past environmental
damage and prevent future damage
from occurring. In one of the cases
she is most proud of, Nancy helped
convict chemical companies in Maine
that were responsible for dumping
mercury into the Penobscot River.
While Nancy has been passionate about science for a long time,
a career in the environmental field
was not what she had imagined.
After getting her Master’s degree
in geology and working several
jobs—as a geologist in Redwood
National Park, as a carpenter, and as
a secretary—Nancy was struck by a
new vision for her professional life:
“One day I woke up and decided it

6

SEAN MURPHY | FLICKR.COM

CAREER PROFILE

polluter pays principle. CERCLA originally
created a tax on the chemical and petroleum
industries that allowed federal authorities to
respond directly to pollution that may endanger public health or the environment. This tax
revenue went to a trust fund to cover the costs
of Superfund cleanups when liable parties no
longer existed or could not undertake a cleanup.

The Penobscot River in New York.
would be cool to be a public interest
environmental lawyer…The environment had never been at the top of
my political priorities list, but, while
working in Redwood National Park,
I was impressed that Sierra Club’s
lawyers had saved the tallest trees in
the world from the chainsaw. I also
liked the idea of using my science
background for political ends.”
While Nancy is optimistic that
environmental law will continue to
help protect the environment and
human health, she knows that the
field faces some uphill battles: “In
my work, the biggest challenges are
rebutting the increasingly-sophisticated presentations of industry con-
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sultants, convincing judges that they
should not defer to government action
(that may appear appropriate but is
actually ineffective), and remaining
hopeful in the face of daily bad news.”
Environmental law is one career
field that can help people protect
their communities. Nancy thinks
that environmental law is important
because of its ability to grant power
to “ordinary citizens to participate
in environmental decision-making
and to file lawsuits when things go
wrong. Because of the tremendous
resources brought to bear by industry
and the government, it’s not always
easy for citizens to have their voices
heard, but we can be pretty noisy.”
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However, the tax expired in 1995 and by 2003
all corporate funds were drained. Now the
Superfund trust fund relies solely on taxpayerfunded government revenues.
The debate over whether or not to reinstate
the tax on the chemical and petroleum industry
is ongoing. Proponents argue that these taxes
may discourage the production of hazardous
waste. Opponents argue that the much of the
problem is legacy pollution (Chemicals, often

WHAT YOU CAN DO

used or produced by industry, which remain
in the environment long after they were first
introduced. Oftentimes, they weren’t recognized as harmful when they were being used.),
so the costs are unlikely to be paid by responsible parties. Opponents claim the tax creates
an economic burden on businesses that are
already heavily regulated. What do you think?
How should the cleanup of Superfund sites be
funded?

Pollution Prevention

It may be difficult to think of actions you can take to hold
polluters accountable for their pollution, but there are
things that each of us can do. Here are a few ideas to
help get you started.
n

See Something? Say Something.

n

DAVID_JONES | FLICKR.COM

The U.S. Environmental Protection Agency has several hotlines to report pollution. Visit the following
website to find contact information for your regional
EPA office. www2.epa.gov/home/report-spills-andenvironmental-violations

Vote with Your Wallet
By supporting companies that are environmentally
and socially responsible, you can be better assured
that the products you purchase are not harming
people or the environment. The Green Pages can help
you find companies and products that are committed
to environmental and social responsibility.
www.greenpages.org

n

Mark a storm drain to remind people not to dump pollutants in or near drains.
into lakes, rivers, and oceans. When storm drains are
labeled, it reminds people not to dump pollutants in
or near these drains. The U.S. Environmental Protection Agency provides directions on how to implement
a storm drain labeling campaign in your community.
http://water.epa.gov/polwaste/npdes/swbmp/
Storm-Drain-Marking.cfm

Mark a Storm Drain
One way that water pollution can occur is when pollutants make their way into storm drains. Once pollutants enter a storm drain, they can make their way

CHECK FOR UNDERSTANDING
1. How are liability and environmental regulations
connected?

3. What are two ways that an electronics company could
promote corporate social responsibility?

2. How does the polluters pay principle relate to liability?

4. What are the pros and cons of the Superfund trust
fund tax?

READING 3 Pathways to Progress: Polluter Pays Principle
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Unintended
Consequences
U.S. DOE | COMMONS.WIKIMEDIA.ORG

Throughout history, many human actions have produced unintended
consequences. An unintended consequence is an outcome that is
not the one intended by a purposeful action. These outcomes may be
positive or negative.

Community Solutions:
Challenge the Norm
Communities that live near Superfund
sites undoubtedly wish the precautionary
principle had been applied in the past to
prevent the hazardous contamination they
now confront.
In 2001, Seattle’s lower Duwamish River
was declared a Superfund site. For thousands of
years, the Duwamish has been home to some
Pacific Northwest tribes who rely on the river
READING 4 Pathways to Progress: Unintended Consequences
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Nuclear waste is one example of a longterm unintended consequence. This waste is
the byproduct of nuclear power and nuclear
weapons production. At the Hanford Nuclear
Reservation alone, there are 56 million gallons of high-level nuclear waste.1 Even though
nuclear waste is linked to serious health effects
and has been around since the 1940s, we still
do not have a long-term solution for managing
this waste.
Throughout history, there are many other
examples of unintended consequences—from
the air pollution of the Industrial Revolution
to the desertification of public grazing lands.
With this long history of unintended consequences, it may come as a surprise that the
precautionary principle has only gained prominence in the last three decades.2 The precautionary principle states that when there is a scientific basis to believe that an action or inaction
is likely to cause harm to human health or the
environment, the lack of full scientific certainty
should not be used as a reason for postponing
measures to prevent harm.
The precautionary principle is now widely
used in international treaties when discussing
environmental issues such as climate change,
biodiversity, and transboundary fisheries.
The principle has proven controversial because
it shifts the burden of scientific proof from
those who seek to slow the progress of an
activity that may pose environmental risks to
the people seeking to undertake the potentially
risky activity.

The lower Duwamish River in Seattle is a Superfund site.

for food and travel.3 The river was dredged and
straightened just before World War I to accommodate heavy industry. With industry came
pollution. The Duwamish is now contaminated
with PCBs, lead, mercury, arsenic, and raw
sewage.4
The Duwamish River Cleanup Coalition (DRCC) was formed with the mission:
“to ensure a Duwamish River cleanup that
is accepted by and benefits the community
and protects fish, wildlife and human health.”
Members of the DRCC include community,
environmental, tribal, and small business organizations.
Currently, the U.S. Environmental
Protection Agency is developing a cleanup
plan for the Duwamish Superfund site.
This can be a difficult process because
much of the pollution is considered historic.
Legacy pollutants entered the waterway
decades ago and no party wants to take financial responsibility. The DRCC acts as technical advisory group for the EPA on this matter,
advising the EPA on community concerns
and demanding a strong enough cleanup plan
to bring the community back to the river.
www.duwamishcleanup.org
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Structural Solution:
Environmental Impact
Assessments

Community members protest in response to planned dredging of
the Great Barrier Reef.

YOUTH PROFILE

The National Environmental Policy Act
requires an Environmental Impact Statement
(EIS) to be completed for certain actions
“significantly affecting the quality of the human
environment,” such as building a dam, wind
farm, or oil pipeline. An EIS typically reports
on the positive and negative environmental
effects of a proposed action and lists alternative actions that could be taken instead of the
proposed action. Decision makers use the EIS
to help them determine whether or not they
should move forward with a project.

Kyle Thiermann

Plastic bags, soda bottles, old
shoes, balloons, cigarette butts, and
medical waste are just a few of the
objects that have been found in the
sea. Much of this trash has washed
out to sea unintentionally. Once in
the ocean, sea birds and fish mistake the trash for food and pay the
price. Birds can strangle themselves
in a plastic bag. Fish can eats bits of
balloons and die when the balloon
cannot be digested.
A thousand miles northeast of
Hawaii, a mound of trash has been
growing in the ocean. This mound,
often referred to as the Pacific Ocean
garbage patch, is now twice the size
of Texas and is expected to double
in size in the next decade. In the
mound of trash, you can find anything from light bulbs to kernels of
rice to abandoned fishing nets, not
to mention tons of plastic. Scientists
now believe five of these garbage
patches have formed in different
parts of the oceans where heavy

Kyle Thiermann
currents collide with slack winds to
create whirlpools that collect drifting
debris.
Professional surfer Kyle Thiermann is lucky enough to travel all
over the world for his job catching waves. In his travels, Kyle has
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seen the harm plastic poses to our
oceans and surfing communities.
In response, he created a popular
series of short films called “Surfing
for Change” that showcase everyday
solutions to protect the oceans and
the people who depend on them.
In one of his films, Kyle shows the
importance of choosing reusable
water bottles and bags over the
plastic alternatives. He tracks one
plastic bag from California to Hawaii,
where plastic debris is piling up on
the beaches of Oahu.
Kyle won the Brower Youth
Award in 2011 for his “Surfing for
Change” series. Kyle appreciates
the opportunity his occupation
allows to inspire change. He continues to create films and speak to
high schools and universities on the
importance of keeping our oceans
healthy, supporting responsible
business practices, and keeping
small surfing communities afloat.
www.surfingforchange.com
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Members of the Nuclear Regulatory Commission answer questions
about the Yucca Mountain Nuclear Waste Repository.

Storing Nuclear Waste at Yucca Mountain

In 1982, Congress passed the Nuclear
Waste Policy Act, requiring the establishment of a deep geologic repository for nuclear waste storage. In
1987, Yucca Mountain in Nevada was
selected as a potential nuclear waste
repository site. This site will need to
hold spent nuclear fuel and high-level
nuclear waste for thousands of years.
Proponents of the Yucca Mountain Nuclear Waste Repository feel it
is a suitable disposal site because
of its isolated location. Opponents
are worried the risks of radiation are
not being weighed at the proper time
scale and that transporting nuclear
waste is risky for people and the
environment. The U.S. Department
of Energy was tasked with completing an Environmental Impact Statement to address these concerns and
assumptions.
Some of the issues addressed in
the EIS are:5
• projected impacts on the Yucca
Mountain environment of the

U.S. DOE | COMMONS.WIKIMEDIA.ORG
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NUCLEAR REGULATORY COMMISSION | FLICKR.COM

An EIS is intended to shed light on any
potential unintended consequences and to
prompt the full consideration of these impacts
before a big decision is made. An EIS also
encourages communication and cooperation
between the many stakeholders involved in
environmental decisions, including government
officials, private businesses, and local residents.
Even though an EIS often does a great
job of highlighting the costs and benefits of a
project, the mandate has one major drawback—
even if an EIS predicts negative impacts, decision makers can still proceed with the project.

The site of the proposed Yucca Mountain Nuclear Waste Repository.
construction, operation and
monitoring, and eventual closure
of the geologic repository

• potential impacts of transporting
these materials nationally and in
the state of Nevada

• potential long-term impacts of
repository disposal of spent
nuclear fuel and high-level radioactive waste

• potential impacts of not proceeding with the proposed action

READING 4 Pathways to Progress: Unintended Consequences
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What other questions should be
addressed in order to protect human
health and the environment?
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Nuclear Safety Inspector

If you have ever watched the television show The Simpsons, you know
of one nuclear safety inspector—
Homer Simpson. In real life, nuclear
safety inspectors keep people
safe from the damaging effects of
radiation. Typically, these inspectors
work for governmental agencies and
examine nuclear power plants to
ensure that the plants are meeting
federal and state safety regulations.
In 1977, the United States
established the resident inspector
program. About 130 resident inspectors work in the United States and
each nuclear power plant has at least
two resident inspectors. Scott Rutenkroger is a resident inspector at the
James A. FitzPatrick Nuclear Power
Plant in Scriba, New York. Every day,
Scott walks nearly every part of the
power plant to observe whether or
not things are operating safely.
The day-to-day inspections at
the plant can vary since there are
always different kinds of maintenance being performed. The inspectors must be on hand to observe
and approve the maintenance work
and they have to inspect any new
equipment being installed. The most
important part of an inspector’s day
is visiting the control room. Every
minute of the day, two supervisors,
senior reactor operators, and reactor

6
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A nuclear control-room board.
operators keep their eyes on the
various lights and readings on the
control-room board, to ensure that
all systems are operating correctly.
According to Scott, “We talk to the
control-room supervisor and get
from them what has occurred in
the previous shift. We see what’s in
service and what’s out of service. We
find out what they see as the condition of the plant.”
During one inspection, Scott
noticed that the door between an
emergency diesel-generator room
and turbine building was missing a
support. If the door had not closed
properly and one or more of the

steam lines ruptured, steam could
have seeped into the generator room
and knocked out the generators,
which are the backup power source
for the plant.
Scott knows that a resident
inspector’s primary emphasis is
safety, not the plant’s energy output.
He tests the fire protection systems,
including fire extinguishers, sprinkler
systems, carbon dioxide systems, and
fire hoses at least 20 times a year.
With incidents like the
Fukushima Daiichi Nuclear Power
Station disaster in 2011, nuclear
safety inspectors are more important
than ever.

CHECK FOR UNDERSTANDING
1. What is one example of a positive unintended
consequence?

3. How do Environmental Impact Statements exemplify
the precautionary principle? How do they not?

2. How is nuclear waste an example of legacy or historical
pollution?
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Refugiums
and Habitat
Restoration
One positive unintended consequence of the Hanford Nuclear
Reservation is that the site acts as a refugium for native plants and
animals. A refugium is a geographical location where natural
environmental conditions have remained relatively constant or stable
during times of great environmental change. Other examples of
refugiums include animal preserves, national parks, and ships that
are sunk to create the foundations of coral reefs.

While Hanford’s undeveloped land created
a refuge for wildlife, the land is not pristine.
From the 1940s until the 1970s, approximately
59 billion gallons of low-level nuclear wastes
were directly discharged into the soil at Hanford.1 As you have learned, these contaminants
can creep up the food chain and undergo biomagnification. Biomagnification is a process
that results in the accumulation of a chemical
in an organism at higher levels than are found
in its food. It occurs when a chemical becomes
more and more concentrated as it moves up
through a food chain.
The Chernobyl exclusion zone in Ukraine
is another example of a refugium that was created unintentionally.

Our need for food, housing, and goods leads
us to consume land and natural resources. A
growing global population and rising levels
of consumption require more and more land.
People who settle an area typically change the
native landscape to plant crops, build houses
and factories, and construct roads. When we
clear the land for our own use, we may destroy
the habitat of other species.
It is not just the total amount of land
developed for human use that is significant.
How developed land is spread out plays a part
too. The patterns of our land use can result

Chernobyl’s Refugium

In 1986, a nuclear reactor exploded
in the town of Chernobyl, Ukraine.
The reactor released a plume of
radiation that some experts believe
was equivalent to 200 Hiroshima and
Nagasaki bombs.2 Millions of people
were exposed to this radiation and
hundreds of thousands of people
were displaced from their homes.
The explosion and resulting fire left
much of the region uninhabitable due
to the radioactive contamination left
behind by the explosion.
A thousand mile exclusion zone
(an area into which entry is forbidden) was set up around the perimeter
of the Chernobyl explosion, creating
a refugium in which nature was left
to take over. However, just as at the
Hanford Nuclear Reservation, this
land is not pristine. Recovery of native
plants and animals since the blast
has been slower than expected, likely
due to the high levels of radiation.
Extensive biological surveys
taken by scientists within the

TIMM SUESS | FLICKR.COM
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Personal Solutions: Foster
Your Own Wildlife Habitat

A control point near Chernobyl.
exclusion zone have revealed
significantly less biodiversity in
hotter areas (areas with higher levels
of radiation).3 Scientists have also
observed an increase in tumors and
abnormalities in certain species
found in the hotter areas. Trees
harvested in these zones exhibit
a dramatic change in the coloring
of their tree rings after 1986.
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Spiders’ web patterns are even
looking markedly different within the
exclusion zone.
Interestingly, a few species
appear to be adapting to the higher
levels of radiation. Scientists are
now extending their studies to
Fukushima, Japan, where a nuclear
disaster occurred in 2011, to
compare findings.
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in habitat fragmentation (habitats that were
once contiguous but are now separated into
smaller, isolated areas). Think about how a field
looks from an aerial perspective. Now what
if two roads cut through the field? The roads
divide the field into three smaller pieces. All
around the world, vast areas of land inhabited
by people are fragmented in this way. One
consequence of habitat fragmentation is the
disruption of migration patterns. If fragmentation isolates groups of species, those groups are
forced to interbreed with one another. When
small populations interbreed, they may lose
genetic variation, which can leave a population
more susceptible to epidemics and less able to
adapt to changes in its environment.
One thing you can do to reduce the impact
of habitat loss and fragmentation is create your
own certified wildlife habitat in your backyard,
school, or community. The National Wildlife
Federation has a program that teaches how

YOUTH PROFILE

to enhance wildlife habitat in urban and rural
spaces and offers certification.4 You can create
your own wildlife-friendly garden by providing the foliage, nectar, pollen, berries, seeds and
nuts that many species of wildlife require to
survive and thrive. These efforts not only help
current wildlife populations survive, but they
also help wildlife rear their young.

Structural Solutions:
Restoring Native Vegetation
While the conversion of native land into farmland in southeastern Washington State has put
pressure on native plants and animals, so have
frequent wildfires. Wildfires have destroyed
thousands of hectares of critical sagebrush
habitat in southeastern Washington State.5
Additionally, some cleanup efforts at Hanford
have disturbed native vegetation. The loss of

Phebe Meyers

USFWS | COMMONS.WIKIMEDIA.ORG

Even as a young child, Phebe
Meyers was concerned about
the world. With her twin sister,
Phebe cofounded Change
the World Kids when she was
eight years old. Today, the
nonprofit organization is made
up of middle and high school
students undertaking humanitarian and environmental
projects to make a positive
difference in their local communities and across the globe.
Phebe’s motto is: “No one can
do everything, but everyone can do
something.”
Growing up in Vermont, Phebe
noticed that fewer songbirds visited
bird feeders at her house each year.
After working with biologists to
study this trend, she connected the

Hermit Thrush
decline to deforestation occurring
within the birds’ migration corridor
in Central America, where farmers
have fruit-bearing trees that feed
migrating and native species.
While visiting Costa Rica, Phebe
saw firsthand how songbirds from
Vermont were affected by this
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deforestation. There she held
in her hands the state bird from
her home state of Vermont,
the Hermit Thrush. These birds
migrate to Vermont all the way
from Central America.
Phebe and Change the
World Kids decided to help
protect the rain forest corridor for songbirds and other
species by raising money to
purchase rain forest land. So
far, they have raised $208,000
and preserved 56 acres of rain
forest. This land will offer a resting
place and a snack for songbirds
on their long migration north to
Vermont. The organization’s goal
is to raise $2 million to preserve
the entire migration corridor.
www.changetheworldkids.org
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Firefighters oversee a prescribed fire for sagebrush habitat
restoration.
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vegetation has impacted native species, especially the threatened sage grouse.
Wildfires are especially detrimental to sage
grouse habitat. When sagebrush burns, it may
require 30 years or more to return to its original
density.6 Sage grouse prefer habitat that has not
been burned in recent decades and has mature
sagebrush intact.7 This means that sage grouse
might not return to burned areas until many
decades after a fire.
The Secretary for the Department of
Interior is working to protect sagebrush. In
2015, the Secretary called for a comprehensive
science-based strategy to protect this habitat
from wildfires. This sagebrush-protection strategy includes reducing the size and severity of
wildfires in the region, as well as addressing the
spread of invasive species, such as cheat grass,
that are pushing out the native sagebrush.8

Photographer

Artists recreate the world
around them through media,
whether the medium is paint
on paper, words on a page,
or a sculpted rock. Talent
and ingenuity are more
important to becoming an
artist than training, but to
develop raw talent and hone
artistic skills many artists
benefit from studying under
another artist or master
craftsman.
Dudley Edmondson is
a freelance nature photographer whose photos are splashed
across major natural history
publications. Dudley is also an
author and filmmaker. He uses
these different types of media to
explore political and artistic
themes in addition to natural
landscapes.

Dudley Edmondson is a freelance
nature photographer.
Some people may think art
is just for decorating walls, but
Dudley’s photography is intended
to build a relationship between
people and their environment. By
photographing people in nature,
especially young people of diverse
backgrounds, Dudley hopes to
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inspire commitment to
conservation. He says, “The
natural world and our public
land belong to all people,
and if we get everyone participating in conservation we
can be sure natural places
will be around for future
generations.”
Dudley developed his
personal style of nature
photography over years of
spending time in places of
natural beauty. When asked
what advice he would give
to a budding photographer, he
says “It takes a lot of patience and
self-motivation, but the rewards are
worth it. Develop your own style and
bring your passion and emotion into
the work. If you can do these things,
you will have a long and successful
career.”
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Another group, the Confederated Tribes
of the Umatilla Indian Reservation, is working
to replant areas around Hanford with native
vegetation. The tribes have constructed two
high-tech greenhouses that each hold 70,000
plants.9 They have also created a field station
lab that has equipment to analyze contaminants in soil samples and clone native plants.

WHAT YOU CAN DO

Members of the project have already collected
about 160 of the 700 native species that grow
at Hanford.10
By protecting the sagebrush habitat
from wildfires and restoring native plants to
the area, native animals such as the threatened
sage grouse will return to Hanford and the
surrounding area.

Habitat Restoration

Addressing habitat conservation may seem like a monumental task, but keep in mind that nearly every global
issue can be supported by personal and community
awareness and a conscious effort to take action.
n

Create a Certified Wildlife Habitat

n

U.S. DOE | FLICKR.COM

Whether you live in an apartment or on a farm, you
can create a garden that attracts native wildlife and
helps restore habitat in urban and rural areas. By
providing food, water, and shelter you not only help
wildlife, but your site may also be recognized as official Certified Wildlife Habitat by the National Wildlife
Federation. www.nwf.org/How-to-Help/Garden-forWildlife/Create-a-Habitat.aspx

Members of the Umatilla tribes grow native plants
for Hanford.

Remove Invasive Species

n

Many communities have programs where residents
can work with their local parks or conservation groups
to help eradicate invasive plants that choke out
native species. You do not need to be a botanist to
assist—just find a pair of gloves and get to work.
www.invasivespeciesinfo.gov/index.shtml

Advocate for Endangered Habitats and Species
Become an advocate for native species and wildlife
habitat by keeping an eye on national and international conservation issues and speaking up when you
feel it is important. Getting involved can be as simple
as writing a letter to your local legislator. The Environmental Defense Fund has pre-written letters that you
can customize or take inspiration from.
www.edf.org/action

CHECK FOR UNDERSTANDING
1. Why are native plants and animals important?

3. How can you promote healthy ecosystems at your
home or school?

2. How can habitat fragmentation negatively impact a
species?

READING 5 Pathways to Progress: Refugiums and Habitat Restoration

4. Even though parts of Hanford are acting as a
refugium, what challenges might native animals and
plants face while living at the site?
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As you may remember from the lesson about Community Advisory
Groups, different stakeholder groups are working together to create a
more sustainable vision for Hanford. This movement is not specific to
Hanford. All around the world, people are coming together to improve
the health of their communities by addressing social, economic, and
environmental issues. This process is often referred to as community
development. Community development is the process of building ties
between people to create a network that can successfully adapt to
challenges or opportunities.

MEDIAWIJZER.NET | FLICKR.COM

Community
Development

There are many ways to help strengthen
communities. As the examples throughout
these lessons and readings show, action can be
taken at both personal and structural levels.
Just as previous generations faced challenges
that were both local and global in scope, so will

YOUTH PROFILE

your generation. Some of these challenges will
be inherited; others will be new. And just as
people have come together to address issues in
the past, your generation is taking action, too.
Let’s take a look at three examples of young
people making a difference around the world.

Marisol Becerra

Air pollution often has a disproportionate effect on the poor. The burden
of localized air pollution on poorer
neighborhoods rarely provokes policy
change, since the affected communities tend to have little influence on
decision-making processes. The environmental justice movement seeks
to address this inequity through the
fair treatment and involvement of all
community members in environmental governance.
The Little Village neighborhood
in Chicago has a large population of
Mexican immigrants. Little Village
resident Marisol Becerra was a high
school freshman when she and her
mom went through an environmental training program organized by
a local community group, The Little
Village Environmental Justice
Organization (LVEJO). During this
training, Marisol learned about
toxic substances in the air. She also
learned that 60,000 young people

Marisol Becerra
in her neighborhood lived close to
coal power plants, which contribute
to air pollution.
Angry about the pollution that
her community was exposed to,
Marisol decide to take action. In
order to involve more people in the
fight for clean air, she created a
youth chapter of the Little Village
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Environmental Justice Organization
and put together an online map to
educate her community about toxins
and pollutants in the neighborhood.
The youth chapter of the LVEJO
continues to expand and reach more
people, improving environmental
and social conditions in the neighborhood. www.lvejo.org
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Wearable Pollution Detectors

1

Two graduate students at New
York University—Nien Lam and Sue
Ngo—have developed an ingenious
method for detecting air pollution: a
sweatshirt.
The prototypes are designed with
an image of either the human heart
or lungs across the front. Blue veins
appear on the organ when high levels
of carbon monoxide are detected.
Sources of carbon monoxide include
car exhaust; smoke from grills,

CAREER PROFILE

fireplaces, and cigarettes; and gas
cooking stoves.
The developers hope their
sweatshirts raise awareness of
air pollution by creating a reminder
for an often-invisible threat. According to Nien, “Air pollution is kind
of one of these things that’s all
around us. You don’t see it but
it exists and it’s invisible and we
wanted to bring that to light.”
https://vimeo.com/17869877

NIEN LAM
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A prototype of the sweatshirt that
acts as an air pollution detector.

Community Organizer

A community organizer is one type of
person who facilitates the process of
community development. A community organizer helps people who
live in a common area gain power to
influence decisions that affect them
and their neighbors. To do this, he or
she works to develop leaders within
the community that can campaign
for improvements.
Diana Lopez works as a community organizer with the Southwest
Workers’ Union, which provides
education and support to underrepresented and underserved people in
San Antonio, Texas.
Growing up in San Antonio,
Diana saw firsthand the problems
facing her community. She wanted to
help eliminate health conditions like
high blood pressure and diabetes.
She led a project to help the citizens

Diana Lopez works as a community
organizer in San Antonio, Texas.
of San Antonio’s East Side learn
about nutrition and agriculture.
As part of the project, the
Southwest Worker’s Union helped
build a community garden.
“We wanted something that
allowed young people to focus on
the positive aspects of life,”
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Diana said. The community garden,
called Roots for Change, allows
members of the community to grow
and harvest organic produce so that
they do not have to rely on the often
less nutritious food available at large
grocery stores.
“I find myself having responsibility for many people and
many functions that a ‘normal’
23-year-old may not take on.
I went from being very shy to being
very outspoken. I am now the
complete opposite of the person
who I was four years ago,” she said,
because she looked at her community and saw what needed to change.
Diana encourages other young
people to get involved in community
organizing: “I want young people
to envision what their community
could look like.”
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WHAT YOU CAN DO

Community Development

You have read about various ways that people can work
together to improve the quality of life in their communities. Here are a few ways that you can be part of community development effort where you live.
n

Share Your Talents
Share your time and talents with others in your community—you could even start your own time bank.
www.timebanks.org

n

Attend a Meeting
Attend or host school or community meetings to learn
and speak out about issues that are important to
members of your school and community.
www2.epa.gov/international-cooperation/
public-participation-guide-public-meetings

n

Write a Letter

n

IDEA IDEBATE | FLICKR.COM

Write to the mayor or city council members about a
change you want to see in your community.
www.davidsuzuki.org/blogs/queen-of-green/
2014/12/how-to-write-a-letter-to-your-mayor

Host a Community Night
Organize an event that brings community members
together, such as a neighborhood barbecue or an
open mic night.

Make your voice heard by participating in school and
community meetings.

CHECK FOR UNDERSTANDING
1. Why are communities stronger together?

4. What is one problem that you would like to fix
in your community? What are two community
development strategies that could help you address
this problem?

2. Why is it important to include multiple stakeholders in
decision-making processes?
3. How might air pollution disproportionately affect poor
communities?
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Reading

7

Pathways to Progress:

The modern technologies that have made our lives more comfortable
and connected have also had negative impacts. While smartphones have
put the Internet in our pockets, their disposal has created dangerous
e-waste dumps in developing nations. Air travel has allowed us to visit
long-distance relatives with comparative ease, yet airplanes emit tons of
climate-disrupting carbon dioxide into the atmosphere.

©ESOLLA | ISTOCK.COM

Ethical Decision
Making

Personal Ethics:
Albert Einstein and
1
the Atomic Bomb
Albert Einstein’s famous equation of E=mc2
explains the amount of energy released from
an atomic bomb. However, Einstein’s famous
equation was based on theory. When he
learned that scientists in Berlin had figured out
a way to split the uranium atom and potentially
release the tremendous force his equation had
predicted, Einstein immediately wrote a letter
to President Franklin Roosevelt. World War
II was raging and Einstein was fearful that the
Nazis would develop nuclear weapons.

READING 7 Pathways to Progress: Ethical Decision Making

FERDINAND SCHMUTZER | COMMONS.WIKIMEDIA.ORG

While nuclear power plants produce
efficient energy without emitting greenhouse
gases, their radioactive waste products will
pose environmental and human health risks
for at least 10,000 years. Nuclear power and
waste have been intensely debated by experts
for decades. Proponents of nuclear power
believe that nuclear power, which does not
emit carbon dioxide, is the solution to climate
change. Opponents argue that nuclear power
is too expensive and its radioactive waste is too
dangerous.
You have now learned a great deal about
the ethical dilemmas posed by hazardous
waste, nuclear waste, and the Hanford Nuclear
Reservation. An ethical dilemma is a decision
that is difficult to make either because the right
course of action is not clear or the right course
of action carries some negative consequences.
Considering the facts and the ethics you have
discussed throughout these lessons, what is
your opinion on nuclear power plants?
By making decisions with both facts and
ethics in mind, we can make better choices for
our society, the economy, and the environment.
What kinds of ethical dilemmas might nuclear
waste pose? What about nuclear weapons and
nuclear energy? Are there other kinds of waste
that might pose ethical dilemmas?

Albert Einstein
during a lecture
in Vienna in
1921.

In his 1939 letter to President Roosevelt,
Einstein warns the American Commander in
Chief of Germany’s potential to develop a new
and powerful weapon. Soon after the United
States began the development of its own
atomic bomb.
Einstein was not involved in the American
project that created the world’s first nuclear
weapons. When the first atomic bomb dropped
on Hiroshima, Japan, Einstein’s famous words
in reaction were “Woe is me.”
In an interview with Newsweek magazine, Einstein later said, “had I known that
the Germans would not succeed in developing
an atomic bomb, I would have done nothing.” After World War II, Einstein sought to
severely regulate nuclear weapons and create
international governance structures, such as the
United Nations, that could deter the concentration of power over nuclear weaponry.
What was Einstein’s ethical dilemma? Was
there just one dilemma when it came to Einstein and nuclear weaponry? What would you
have done if put in Einstein’s shoes?
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A checkpoint
at the entrance
to the
Chernobyl
Zone of
Exclusion

Wrapped around the Chernobyl nuclear site is
a Zone of Exclusion reaching 1,000 square
miles. The zone has border patrols, passport
controls, radiation monitoring—everything to
bring attention to the radioactive contamination that has laid waste to the land within.
Within the boundaries of the Zone of Exclusion, you can also find a small community of 130

Fact Checker

Have you ever heard two completely
different statements about the same
topic? One polarizing issue in the
United States is gun control. Some
groups argue that most violent
crimes are committed with guns;
thus, restricting gun ownership will
likely reduce the number of such
crimes. Other groups argue that
criminals will always find a way to
obtain guns; thus, restricting access
to guns leaves law-abiding citizens
without any defense. In the case
of nuclear waste, some groups
argue that burying nuclear waste
is safe, while others state that it is
too risky.3 How do you know which
claim is true?
When arguing in support of
their point of view, a person or group
might selectively choose particular
statistics or facts that are misrepresentative, misleading, or simply
incorrect. By critically analyzing the
messages you see and hear, you can
begin to uncover their bias, understand their purpose, and determine
whether their claims are valid. This
ability is known as media literacy.
How might ethical decision making and media literacy be related?
Can you make ethical decisions if

© TAMPA BAY TIMES, ALL RIGHTS RESERVED

CAREER PROFILE

Community Ethics: The
2
Babushkas of Chernobyl

you are influenced by misleading
messages or invalid claims?
A fact checker is responsible for
making sure that facts are accurate,
correct, and not presented in a
misleading way. Fact checkers might
confirm the accuracy of facts that
will be printed in newspapers, magazines, and reports or read on the
news. Fact checkers can also work
to verify the claims of politicians or
other public figures.
In 2007, Angie Drobnic Holan
helped create PolitiFact.4 PoliticFact
is a project of the Tampa Bay Times
and aims to fact check statements
by members of Congress, the White
House, lobbyists, and interest

READING 7 Pathways to Progress: Ethical Decision Making
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groups. During a typical workday,
Angie and her team members
research claims by politicians, candidates, and television show hosts.
The team then assigns the claim one
of the following ratings: true, mostly
true, half true, mostly false, false, or
pants on fire (false and ridiculous).
The claims and the ratings are then
displayed on the Truth-O-Meter website and social media networks.
By fact checking issues for the
general public, Angie hopes that
“voters get the information they
need so that when it’s time to make
decisions about who to vote for, or
where they stand on a particular
issue, that they have good, factual,
and accurate information to make
those decisions.”
As of 2015, the Truth-O-Meter is
operating in ten different U.S. states
and Australia. Angie hopes that one
day they will have affiliates in all 50
states to fact check local elections
and ballot issues.
What can you do to ensure that
the facts you hear or read are correct? How might fact checking help
you make decisions? Do we have an
ethical responsibility to check claims
before repeating them?
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people who stayed behind at this nuclear disaster
site despite the dire warnings. Approximately
116,000 people were evacuated from Chernobyl.
Of those, 1,200 returned illegally to their ancestral
homes within the exclusion zone and approximately 130 still live there today. A majority of those
who remain are women now in their 70s and 80s.
So what compels these women to stay
despite the terrible health risks of radiation

WHAT YOU CAN DO

exposure? For these babushkas (the Ukrainian
word for grandmas), this land is their ancestral
home. For these women, the heartbreak and
stress of leaving their homeland is just as deadly
and the invisible enemy of radiation.
What is the ethical dilemma this community faces? Would you make the same decision
to go back that these women made? Should
these women be forced to leave their homes?

Media Literacy

n

2010 WORLD CUP - SHINE 2010 |
FLICKR.COM

From television to the Internet, radio to newspapers,
media is all around us. People are exposed to and use
media every day, but often are unaware of the messaging behind it. By deconstructing media messages, we
can begin to identify the values, lifestyles, and points of
view that are represented in them, as well as the creative
techniques used to draw our attention.

Become Media Literate
Learn how to think critically about media and become
a smart consumer. PBS provides activities designed
to help you build the skills necessary to question,
analyze, interpret, and evaluate media messages.
http://pbskids.org/dontbuyit

n

By seeking out a variety of news sources, you will get
a more complete picture of global events.
reputable source. www.homeworktips.about.com/
od/politicalscience/ht/lettertoeditor.htm

Write a Letter to the Editor
Have you ever read an article that you have strongly
agreed or disagreed with? You can write a letter to
the editor of the publication to let them know why
you agree or disagree with their article. In your letter
to the editor, you should explain whether or not you
agree with the particular point of view and why. You
should back up your statements with facts from a

n

Diversify Your News Sources
By seeking out a variety of news sources, you will get
a more complete picture of global events, including
stories that are missed in the mainstream media.
World Press Photo is one organization that shares
stories from a wide variety of perspectives around the
world. www.worldpressphoto.org

CHECK FOR UNDERSTANDING
1. What is one ethical dilemma that you have faced?
How did you decide which choice to make?

3. How might a person who is media literate make
decisions differently than a person who is not media
literate?

2. How might ethical decision making and sustainability
be related?

READING 7 Pathways to Progress: Ethical Decision Making

4. How might ethical decision making and media literacy
be related?
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Glossary
A

bias—A particular tendency, inclination, or prejudice.
bioaccumulation—An increase in the concentration of a
chemical in a biological organism over time, compared to the chemical’s concentration in the environment. The source of the chemical can be from the
water, soil, sediment, or air the organism interacts
with or from the food it eats.
biomagnification—A process that results in the accumulation of a chemical in an organism at higher
levels than are found in its food. It occurs when a
chemical becomes more and more concentrated as it
moves up through a food chain.
biotic factor—A living part of an ecosystem (e.g., animals, plants and microorganisms).

community development—The process of building ties
between people to create a network that can successfully adapt to challenges or opportunities.
compost—Organic matter that has been decomposed
for use as a fertilizer or soil amendment.
Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA)—This law, enacted by
Congress on December 11, 1980, created the Superfund program. Specifically, CERCLA (1) established
prohibitions and requirements concerning closed and
abandoned hazardous waste sites, (2) provided for
liability of persons responsible for releases of hazardous waste at these sites, and (3) established a trust
fund to provide for cleanup when no responsible
party could be identified.
consumer—An organism that does not make its own
food (i.e., is not a producer); there are different types
of consumers: primary consumers, or herbivores, eat
producers, secondary consumers eat primary consumers,
tertiary consumers eat secondary consumers.
contaminant—A substance that is either present in an
environment where it does not belong or is present at
levels above the natural background level.

C

D

abiotic factor—A nonliving environmental media (e.g.,
water, soils, sediments) or nonliving environmental
characteristic (e.g., light, temperature, pH, humidity).
apex predator—A predator that, as an adult, has no
natural predators in its ecosystem.

B

decision-making framework—A set of ideas or facts
used to guide an individual through a process to
make a decision.

civic participation—Individual or community participation in decisions on issues that affect public life.
climate change—A significant shift in Earth’s overall
climate over an extended period of time.
Cold War—The state of political hostility that existed
between the Soviet bloc countries and the U.S.-led
Western powers from 1945 to 1990.
community—A group of people that share some
commonality, often based on where they live (the
Minneapolis community), what they do (the student community), a shared social characteristic (the
Cuban-American community), or shared interests
(the small business community).
Community Advisory Group—A committee, task force,
or board made up of residents of a community. Community Advisory Groups enhance public participation in governmental decision- making by providing
a public forum where community representatives can
discuss their diverse interests, needs, and concerns.

GLOSSARY

E
economy—A system that includes the production, distribution, and consumption of goods and services.
ecosystem—A community of organisms (plant, animal,
and other living organisms) that interact with one
another and the nonliving factors in their environment.
ethical dilemma—A decision that is difficult to make
either because the right course of action is not clear
or the right course of action carries some negative
consequences.
ethics—The rules or standards governing the conduct of
a person or the members of a profession.

204

© FACING THE FUTURE www.facingthefuture.org

M

environment—The physical surroundings, including living (biotic) and nonliving (abiotic) factors, in which
we live.
environmental ethics—The philosophical discipline
that considers the moral and ethical relationship of
human beings to the environment.

Manhattan Project—A secret research and development
project that produced the first atomic bombs during
World War II.
mission statement—A short statement describing the
reason an organization or program exists. Mission
statements are used to help guide decisions about
priorities, actions, and responsibilities.
morals—Motivation based on ideas of right and wrong.
municipal solid waste (MSW)—The everyday items we
use and then throw away, such as packaging, food
scraps, grass clippings, sofas, computers, tires, and
refrigerators. MSW does not include industrial, hazardous, or construction waste.

G
global issue—An issue that is transnational and transboundary, persists over time, affects large numbers
of people, has underlying causes, and is connected to
other global issues.

H
Hanford Nuclear Reservation (Hanford)—A site in
Washington State created to produce plutonium
for atomic bombs for the Manhattan Project. The
nuclear waste produced and stored onsite has made
it the most contaminated nuclear site in the Western
hemisphere.
hazardous waste—Byproducts of society or waste
materials of manufacturing that have some dangerous
property; generally categorized as corrosive, ignitable,
toxic, reactive, or in some way harmful to people or
the environment.

N
National Priorities List (NPL)—The U.S. Environmental
Protection Agency’s list of the most serious uncontrolled or abandoned hazardous waste sites identified for possible long-term remedial action under
the Superfund program. The NPL, which EPA
is required to update at least once a year, is based
primarily on the score a site receives from EPA’s
Hazard Ranking System. A site must be on the NPL
to receive money from the Superfund trust fund for
remedial action.
nuclear energy—Energy released from the nuclei of
atoms, either by splitting them (fission) or by fusing
them together (fusion).
nuclear technology—Technology that involves the reactions of atomic nuclei. The most common nuclear
technologies include nuclear reactors, nuclear medicine, and nuclear weapons.
nuclear waste—Radioactive material generated from
nuclear weapons and the operation of nuclear power
stations. Low-level waste can be disposed of relatively
easily but highly radioactive material requires very
costly methods of storage that, because of the long
half-life of some waste, must last for thousands of
years.

L
landfill—A place where garbage is buried; a typical
landfill is lined with plastic to protect the surrounding soil and groundwater, and new garbage is covered
with soil each day.
legacy pollutants—Chemicals, often used or produced
by industry, which remain in the environment long
after they were first introduced. Oftentimes, these
chemicals were not recognized as harmful when they
were first used.
liability—The state of being legally responsible for
something.
lobbying—The act of attempting to influence decisions
made by officials in the government, most often legislators or members of regulatory agencies.

GLOSSARY
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O

R

open dump—An uncovered and unlined site where
garbage is collected. Leachate, a liquid formed by
decomposing waste, soaks into the soil and groundwater. These dumps are a source of land, water, and
air pollution, and often cause public health hazards.
orphan share—The shares of hazardous waste that are
attributable to potentially responsible parties who
cannot be identified, cannot be located, or are insolvent.
orphan site—A toxic waste area where the polluter
could not be identified or the polluter refused to take
action or pay for the cleanup.

radiation—A type of energy given off by nuclear fission
that can damage cells, cause cancer, and may lead to
death.
radioactive contamination—Contamination of a substance, living organism, or site caused by radioactive
material.
radionuclide (radioactive nuclide)—An atom with an
unstable nucleus.
recycle—To turn used materials used into new products.
refugium—A geographical location where natural
environmental conditions have remained relatively
constant or stable during times of great environmental change.
Resource Conservation and Recovery Act (RCRA)—A
federal law enacted in 1976 that established a regulatory system to track hazardous substances from their
generation to their disposal. The law requires the use
of safe and secure procedures in treating, transporting, storing, and disposing of hazardous substances.
RCRA is designed to prevent the creation of new,
uncontrolled hazardous waste sites.

P
persistent organic pollutants (POPs)—Pollutants which
persist for long periods of time in the environment
and can bioaccumulate.
polarization—The sharp division of a population or
group into opposing factions.
pollutant—Any substance introduced into the environment that adversely affects the health of an organism,
the health of an ecosystem, or the usefulness of a
resource.
polluter pays principle—The principle that states that
the costs of pollution should be borne by those who
cause it.
potentially responsible party—An individual or company (e.g., an owner, operator, transporter, or generator of hazardous waste) that is potentially responsible
for the contamination problems at a hazardous waste
site. Whenever possible, the EPA requires potentially
responsible parties to clean up sites they have contaminated.
precautionary principle—When there is a scientific
basis to believe that an action or inaction is likely to
cause harm to human health or the environment, the
lack of full scientific certainty should not be used as a
reason for postponing measures to prevent harm.
producer—An organism that is able to make its own
food (e.g., plants, algae).

GLOSSARY

S
scrutiny—Critical observation or examination.
society—A community, nation, or other group of people
who have common interests, institutions, or culture.
stakeholder—A person who has an interest in something, such as a business or community, and is
affected by its well-being.
Superfund site—A hazardous waste site that may
threaten local ecosystems or human health and has
been placed by the U.S. Environmental Protection
Agency on the National Priorities List of polluted
sites requiring cleanup.
Superfund trust fund—A public trust fund created
with passage of the Comprehensive Environmental
Response, Compensation, and Liability Act (CERCLA) in 1980 to be used to help pay for the cleanup
of abandoned hazardous waste sites.
sustainability—The principle of meeting current needs
without limiting the ability of future generations to
meet their needs.

206

© FACING THE FUTURE www.facingthefuture.org

T

W

taxpayer—A member of a country’s workforce who
pays for government projects through taxation.
toxic waste—Waste that is harmful or fatal when
ingested, inhaled, or absorbed.
trophic level—A step in the food web of an ecosystem.
The first and lowest level contains producers. Producers are consumed by herbivores at the second level. At
the third level, primary carnivores eat herbivores, and
at the fourth level, secondary carnivores eat primary
carnivores.
trophic transfer—The transport of contaminants from
prey to predator.
trust fund—Money that belongs to one person or organization but is legally held or managed by another
person or organization.

waste—A resource that is not safely recycled back into
the environment or the marketplace.
waste prevention—Actions or choices that prevent the
generation of waste.
World War II—A conflict that involved virtually every
part of the world from 1939–1945. The principal
players were the Axis powers (Germany, Italy, and
Japan) and the Allies (France, Great Britain, the
United States, the Soviet Union, and, to a lesser
extent, China). The war was in many respects a continuation of the disputes left unsettled by World War
I. Nearly 50 million deaths occurred in World War II
making it the bloodiest conflict, as well as the largest
war, in history.

Z

U

zero waste—A system that designs products and manages production in order to eliminate the volume
and toxicity of waste, and to conserve and recover all
resources rather than burning or burying them.

unintended consequence—An outcome that is not the
one intended by a purposeful action. An unintended
outcome may be positive or negative.

V
values—A person’s principles or standards of behavior;
one’s judgment of what is important in life.

GLOSSARY
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“Facing the Future curriculum sets the standard high by providing complete lessons regarding environmental
issues. Students discover they can be the solution through participating in service learning projects.”
—Naomi Harper, Science Teacher, Will Rogers Middle School, California

Student Engagement

What a Waste! contains seven hands-on lessons
that facilitate active, engaged student learning.
Corresponding student readings showcase realworld case studies and youth action around the
world. Lessons and assessments are aligned to
NCSS and Common Core standards.

“Students actively participated in the lesson and they
loved it. At the same time students gained knowledge
and started to think of choosing sustainable materials
which do not lead to waste.” —Navitha Boda, MA,

Science Facilitator, Oakridge International School, India

Global Knowledge and Competency

Throughout this unit, students explore modern
waste management issues in five different countries,
take on the perspectives of different stakeholders
affected by nuclear waste, and discover how waste
management regulations have evolved over time.
“The global view is detailed and focuses on both the
economic and societal issues, but it also looks at sustainability.” —Nicole Peffley, MEd, AP Environmental

Science Teacher, Cinco Ranch High School, Texas

Application and Assessment

What a Waste! provides multiple opportunities for
formative and summative assessments such as discussion questions, role-playing, class presentations,
and a pre and post assessment.

“This lesson incorporates discussion/debate and the arts.
In addition, it causes students to justify their responses
which is a major part of the common core curriculum.”
—Lana Brown, Gifted Teacher, Natchez Adams School
District, Mississippi

Interdisciplinary Connections

What a Waste! engages students in an authentically
interdisciplinary study of modern and historical
waste issues and sustainable solutions to these
complex, interconnected challenges. Interdisciplinary connections are woven throughout the unit via
social studies, science, civics, history, and economics.
More than 80 additional resources allow students to
dig deeper into concepts covered in each lesson.

“Phenomenal resource! A great way to integrate concepts
among disciplines. Using ‘Society-EnvironmentEconomics’ as the basic format from which to evaluate
sustainable practices enables students to improve the
depth of their research, realize the complexity of the
concept, develop potential improvements/solutions,
and deliver well-founded, articulate and convincing
arguments. —Miriam Kaplan, PhD, Agriculture
Environmental Science and Horticulture Teacher,
Soquel High School, California

Positive Action

By encouraging students to develop 21st century
skills such as critical thinking and collaboration,
What a Waste! empowers students to grapple with
real world waste issues. The nearly 40 lesson extensions and service learning ideas in this unit will
inspire your to support more sustainable choices and
policies in their personal lives and communities.

“I can’t say enough about the action projects. These show
the students that they can make a difference. Environmental science can be so ‘doom and gloom,’ but these projects
and the lesson’s focus on sustainability gives the waste topic
a more positive spin.” —Nicole Peffley, MEd, AP Environmental Science Teacher, Cinco Ranch High School, Texas

