Land & Water Pollution
Name:

Hour

Date Packet is due:

Date:

Why late?
Day of Week

Date

Score:
If your project was late, describe why

Overview: in this unit, you will be exploring how substances become
pollutants, and discover the mechanisms through which pollutants
disrupt ecosystem function and services while reducing biodiversity and
carrying capacities of habitats.
Main Questions
1. How does a substance become a pollutant? What kinds of substances can
be classified as a pollutant? Briefly summarize the five kinds of
pollutants and provide examples.
2. What is the difference between point and nonpoint source pollution?
Why does this distinction matter?
3. How do the concentrations and molecular properties of a substance
determine if and when that substance becomes a pollutant?
4. What is soil and what ecological services does it provide?
5. What are four common sources of soil pollution? List and describe.
6. How is water pollution connected to soil pollution? Where does most
water pollution come from?
Weekly Schedule
Monday:
-

Introduction to Pollution – Pollution Case Studies

Tuesday:
-

Nutshell Video & Notes
Class discussion

Wednesday:
-

Option A: Land & Water Pollution Simulation Lab
Option B: Groundwater Pollution Simulation
Option C: Interview An Expert

Thursday:
-

Review & Assessment

Friday:
-

Weekly Reflection
Career Connections OR additional work time.

Land & Water Pollution Unit

Semester Schedule
Week 0: Introduction & Lab
Safety
Atoms to Ecosystems
Week 1: Matter & Energy
Week 2: Cell Biology
Week 3: Biodiversity &
Ecosystems
Week 4: Biodiversity &
Habitats Lab
Week 5: Midterm
Assessments
Causes of Extinction
Week 6: Extinction
Week 7: Habitat Loss
Week 8: Invasive Species
Week 9: Land & Water
Pollution
Week 10: Atmospheric
Pollution
Week 11: Overharvesting
Week 12: Midterm
Assessments
Sustainable Societies
Week 13: Natural Resources
Management
Week 14: Societies &
Sustainability
Week 15: Individual
Sustainability
Week 16: Personal
Campaigns
Week 17: Personal
Campaigns
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Day 1: Data Dive – Pollution Case Studies
Intro video: https://www.youtube.com/watch?v=FSsJOVU4n8A
Introduction: In this activity, you will be considering historical case studies of pollution in the United States
and throughout the world that helped compel the passage of environmental regulations at the federal level. You
will then consider data about current trends in regards to pollution to help you to develop ideas about long term
trends on this topic. Note: pollution is discussed over a two-week period. Soil and water pollution are covered
in the first week while atmospheric pollution is covered in the second week. This introduction will cover themes
addressed in both units.
Directions: As a group, use a computer, laptop, or personal device (if ok’d by your instructor) to look up
information on your assigned case using an internet search engine. Be prepared to summarize the example for
the rest of the class. You will also need to take time as a group to address the questions below prior to
presenting. After each group has had a chance to present their case, you will take time as a class to try to
summarize any similarities or patterns that you might have observed that are common to most or all of the
examples provided. Note: internet searches on some of these topics may result in graphic images.
Cases:
1. The Cuyahoga River, Cleveland, OH – 1900s
2. “The Great Smog”, London, UK – 1952
3. DDT, Silent Spring, & Bald Eagles -1945-present.
4. Gulf of Mexico “Dead Zone” – 1950-present.
5. Love Canal, Niagara Falls, NY – 1978
6. Agent Orange, Vietnam – 1960s-present
7. Deepwater Horizon, Gulf of Mexico, 2010
8. Drinking water of Flint, MI – 2014-present
9. Pacific Garbage Patch, Pacific Ocean - Present
10. Student Choice – if a student group has a
pollution case study they’d like to investigate that
is not listed above, they can do so if they receive
instructor approval.

How to tell if a website is credible: BAR
Bias: who is the author of this website? Why did they
write this? Was it purely to inform, or are they trying
to persuade the reader for their own personal gain?
Accuracy: are their claims supported by valid data
and/or logical arguments? Is the original primary
source of this information cited? Are the authors
sufficiently experienced and qualified to have reliable
opinions on this topic? Is this website peer-reviewed,
or can they post anything that they want regardless of
its truthfulness?
Relevance: is this information valuable for my needs?
Does the level of detail in this site hurt my ability to
get this work done in a timely fashion? What do other
sources say? Does this agree with sites that are
credible?

Questions:
Generally, government [.gov] and university [.edu]
1. Briefly summarize your case.
websites are more credible than private [.com]
a. What happened?
websites. Wikipedia and other open-source sites are
less reliable because they can be changed but may
b. Who was involved? Who is at fault?
provide potentially-credible sources in the citations.
c. How did this situation become a problem?
d. Was this problem fixed? If so, how?
e. What were the long-term ramifications of this situation?
2. What substance in particular was causing a problem? What made this substance so dangerous?
3. Pollution is any substance or thing that reduces the ecosystem services, biodiversity, and/or carrying
capacity of a habitat. Can this substance be considered a pollutant based on this definition? Explain.
4. Do you think that this problem could happen again today? Could it happen here? Why or why not?
5. Has any legislation been passed to prevent this from occurring again? (see next page)
a. Is this enough to prevent another tragedy like this from occurring?
Land & Water Pollution Unit
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Key federal pollution legislation in the United States: The list below provides a brief description of each
piece of legislation. Use an internet search engine to learn more about these laws and their protections.
• Clean Air Act of 1963, which established federal air quality standards.
• Clean Water Act of 1964 (Amended 1972 and 1977), which created federal action to restore US
waterways.
o The ’72 and ’77 amendments regulated the discharge of pollutants into waterway, gave the EPA
power to implement pollution control programs, set water quality standards, and funded the
construction of sewage treatment plants.
• Clean Air Act of 1970, which stated that air was a resource that could be protected from pollution.
o It also established air quality standards to protect human health and amendments in 1990 added
acid rain, ground-level ozone, and the hole in the ozone layers as issues to address.
• Federal Pesticides Control Act of 1972, which mandated that all pesticides in use be registered and
tested before approval.
• Ocean Dumping Act of 1972, which prohibited the dumping of sewage and industrial waste into oceans.
• Safe Drinking Water Act of 1974, which set standards and regulated public drinking water.
• Toxic Substances Control Act of 1976, which regulated toxic substances.
• Resource Conservation and Recovery Act of 1976, which required the federal tracking of hazardous
wastes and mandated that states establish hazardous waste management plans.
• The Comprehensive Environmental Response, Compensation, and Liability Act of 1980, which used the
Superfund to clean up hazardous waste sites.
o Superfund is the name for the federal program to clean up abandoned hazardous waste sites and
compelled responsible parties to either conduct the cleanup themselves or reimburse the federal
government.
===
How a Bill Becomes a Law: all of the laws listed above were implemented via the steps listed below.
1. The bill is introduced: a senator or representative proposes a piece of legislation. This bill is sent to a particular
committee based on its content (e.g. if the bill primarily pertains to agriculture, it will be sent to the House or
Senate agricultural committee).
2. Committee review: a small group of representatives or senators consider the proposed bill within their committee.
Most proposed pieces of legislation never make it past this step. If the majority of the committee members
approve, it moves on to House & Senate debate.
3. House & Senate Debate: each chamber of congress debates and votes on the bill. If the bill fails to get a majority
vote in either chamber, it is defeated and does not become a law. If both chambers vote to pass the bill, it is sent to
a conference committee to work out differences that might have emerged as the bill was modified and amended.
The newest version of the bill then has to be passed by both the Senate and House again.
4. Presidential Approval: if both chambers pass the final version of the bill, it goes to the President for a signature. If
the President signs the bill, it becomes a law. If the president vetoes the bill (refuses to sign it), it does not become
law unless Congress overrules the veto with a two-thirds majority.
5. Implementation & Challenges: once the bill becomes a law, it is up to the Executive Branch to administer the law.
A law can be challenged as unconstitutional in court; if the Supreme Court finds the law to violate the US
Constitution, they can determine that the law is unconstitutional and must be changed or abolished.

Land & Water Pollution Unit
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Source: https://www.usa.gov/how-laws-are-made
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Day 2: Notes & Discussion
Introduction & Directions: In this activity, you will begin by watching a short video about pollution. After the
video, you will look at a short slideshow presentation that will provide you with specific information about how
pollution affects ecosystems. Your instructor may decide to deliver the presentation as a classroom lecture or
they may allow you to read the notes individually or in small groups (depending on your previous experience
and capabilities with this content). After you have watched the video and finished with the slideshow, you will
work in small teams to answer the questions listed below. You should take notes in a notebook, on a dry erase
board, or on scratch paper so that you are prepared to deliver your responses during the class discussion that
will follow. Note: your instructor may assign your group to answer specific questions if time is limited.
URL Links
YouTube Video: https://www.youtube.com/watch?v=h_gea6KcM0k
Also consider: https://www.cnn.com/videos/tv/2017/11/08/exp-gps-1105-witw-pollution.cnn
Slideshow Presentation: https://www.factsnsf.org/uploads/1/4/0/9/14095127/2018-531_facts_soil___water_pollution.pdf (or visit www.factsnsf.org and use the menu bar)
Discussion Questions:
1. How does a substance become a pollutant? What kinds of substances can be classified as a pollutant?
2. Briefly summarize the five kinds of pollutants and provide examples.
3. What is the difference between point and nonpoint source pollution? Why does this distinction matter?
4. How do the concentrations and molecular properties of a substance determine if and when that substance
becomes a pollutant?
5. What is biomagnification and how does this affect the concentration at which a substance becomes a
pollutant? What kinds of substances have the capacity for biomagnification?
6. What percent of the earth’s soil is degraded and polluted? Why is this a concern?
7. What is soil and what ecological services does it provide?
8. What are four common sources of soil pollution? List and describe.
9. How is water pollution connected to soil pollution? Where does most water pollution come from?
10. Summarize how and why eutrophication occurs and how this process changes aquatic ecosystems.
11. What are the Best Management Practices and how might they reduce problems like eutrophication?
12. What is thermal pollution and how does it harm aquatic ecosystems?
13. What concerns are associated with plastic pollution? Where does this plastic come from?

Land & Water Pollution Unit
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Day 3: Option A - Pollution Lab Activity
Introduction: you will be completing two activities today. The first activity involves comparing rates of
erosion and water retention in no-till situations vs. plowed land. The second activity involves comparing runoff
and nutrient contamination from simulated manure that is spread on top of the soil and that which is injected
into the soil.
Directions:
1. Begin by completing the reading on the following page.
2. Depending on your class size and available resources, your instructor may have you visiting stations as
teams, they may provide a demonstration for the whole class, or they may provide another option. Listen
to their instructions for how to complete this activity.
3. Complete the questions below using dry erase boards, notebook paper, or scratch paper.
Pre-activity Questions:
1. How do you think that plowing and tillage affect rates of erosion and eutrophication from nutrient
runoff? Develop a hypothesis by completing the following statement:
I hypothesize that tillage affects soil erosion and nutrient runoff by…
2. How do you think that differences in how manure is applied to fields (e.g. spreading on top of the soil
vs. injecting it into the soil) will affect rates of nutrient runoff and subsequent eutrophication?
I hypothesize that spread manure on top of the soil affects soil erosion and nutrient runoff by…
3. Briefly summarize how the use of manure and fertilizers on fields relates to water pollution. Use the
following terms in your explanation: erosion, runoff, nitrogen, phosphorus, eutrophication, oxygen.
4. Why should farmers try to prevent erosion? What problems can occur as a result of erosion that affect
farmers and non-farmers alike?
Post-activity Questions:
1. Summarize your observations from the no-till vs. plowed soil simulation. What did you observe? What
does this suggest about your original hypothesis?
2. Summarize your observations from the spread vs. injected manure simulation. What did you observe?
What does this suggest about your original hypothesis?
3. Based on the results of this simulation, what practices would you recommend to a farmer who was
trying to maintain adequate soil moisture, prevent erosion, and ensure appropriate soil nutrient levels?
4. The use of Best Management Practices such as no-till, manure injection, the use of buffer strips (35-foot
wide strips of grass between fields and waterways) can significantly reduce rates of eutrophication due
to nutrient runoff. However, the adoption of these practices is still limited. Why do you think that is?
5. Manure management strategies like injection and manure storage increases the cost of operating a farm
without resulting in a similar increase in profits. Do you think that it is fair to expect farmers to have to
pay for these practices out of their own pocket? Why or why not?
6. Farming is currently the largest identifiable source of surface water pollution. If you were an elected
official, what policies would you develop to decrease the impact of farming on the health of aquatic
ecosystems? Keep in in mind that farmers often have limited profits – they may not be able to afford to
fix these problems completely on their own.
Land & Water Pollution Unit
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Maryland ag department launches ‘Manure Happens’ campaign
Mar 13, 2018 - https://www.heraldmailmedia.com/news/farm_news/md-ag-department-launches-manure-happenscampaign/article_0495a40f-6a38-5c50-8d6f-880f4ba789a9.html

ANNAPOLIS — With the spring planting season drawing near, the Maryland Department of Agriculture has
launched its 2018 “Manure Happens” public-education campaign to help citizens understand how and why farmers
recycle manure as a natural crop fertilizer and soil conditioner.
The 2018 campaign includes information on how farmers using different types of farming practices apply manure to
their fields, along with the steps they must take to protect water quality in local streams, rivers and the Chesapeake
Bay. The ads will run in local newspapers, websites and social media throughout March.
“Today’s consumers want to know everything about how their food is produced, including the environmental
impacts of production practices,” Maryland Secretary of Agriculture Joe Bartenfelder said in a news release. “The
‘Manure Happens’ campaign aims to address any concerns the public might have regarding the use of manure as a
fertilizer. In upcoming weeks, you will start to see — and smell — farmers spreading manure on their fields when
conditions are right for spring planting. Please be considerate, and remember to share the road with our farmers
when driving in farm country.”
Farmers using conventional farming techniques till manure into the soil. That improves nutrient retention and
reduces odors for nearby neighbors. Farmers who have switched to no-till farming practices to reduce erosion and
rebuild their soil’s health, grow their crops without disturbing the soil. The farmers apply manure to the surface of
the soil and are required to install additional protections like 35-foot buffers to protect local streams from runoff.
Maryland’s nutrient-management regulations prohibit farmers from spreading manure on their fields in winter or
when the ground is frozen. March 1 was the first day for farmers to recycle manure generated over the winter as a
crop fertilizer. To further protect water resources, Maryland farmers are required to incorporate manure into the
soil within 48 hours if they are not using no-till farming practices.
The department provides grants to farmers who want to try the latest liquid manure “injection” equipment.
Injecting manure into the soil is more expensive than broadcasting manure, but has shown to be compatible with
no-till cropping systems. In addition, Maryland’s Phosphorus Management Tool regulations are being phased in
over the next several years to help farmers who use manure as a crop fertilizer protect waterways from phosphorus
runoff.
For more information, go to mda.maryland.gov/manure.
Land & Water Pollution Unit
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Day 3: Option B - Pollution Simulation Activity
Introduction: in this activity, you will simulate the effects of groundwater pollution using a dropper of food
dye and a slice of bread. The structure of the bread mimics the pores in bedrock and soil that hold groundwater.
Adding dye to bread followed by drops of water mimics the effects the movements of land and water pollutants.
Materials: food coloring; a slice of white bread; a plastic/aluminum tray; paper towel; water; eye dropper
Directions:
Step 1: Hold your slice of bread vertically in the tray.
Step 2: Add a drop of food coloring to the top of the bread (make sure it drops on the crust and not on the
bread).
Step 3: Drop 2 ml of water onto the bread using an eyedropper.
Step 4: Record your observations after 5 minutes. While waiting, answer any questions below that you are able
to.
Observations:
1. What happened to the bread after you added the drops of water? Explain:

2. Draw what happened below:
Before the food coloring

After the food coloring

Immediately after the water

After 5 minutes

Questions:
3. In this analogy, state what each represent:
The bread:

The food coloring:

Drops of water:
4. If the food coloring is the pollutant, what happened to it as the drops of water were added to the bread? Did the
‘pollutant’ spread out or did it go straight down? Explain:

Land & Water Pollution Unit
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5. As water moved to the bottom of the bread, was it clean and purified or did it carry the pollutants all the way to
the bottom?

6. Imagine if the food coloring were the site of a landfill. If this is an accurate model of what happens, predict what
would happen to the well-water of residents near the landfill if it were to leak.

7. What does this exercise indicate about how difficult it can be to find the cause of soil and groundwater pollution?
Explain by connecting what happened to your bread to what happens to pollutants in the soil.

8. Would this be point or nonpoint pollution?

Explain:

9. What determines if this substance is actually a pollutant or not?

10. If the food dye represented leaky containers of a substance that could biomagnify, how would this change things?
(Hint: as the substance spreads into the environment, what happens to its concentration? What happens to its
concentration as it moves up the food chain?).

11. Is it possible that this pollutant could spread to other sources of water beyond this site? Explain.

Land & Water Pollution Unit
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12. If this pollutant were nitrogen and phosphorus, what problems would it create in the environment? Use and
explain the term eutrophication in your response.

13. If this pollutant were nitrogen and/or phosphorus, how could Best Management Practices prevent ecological harm
from it. Explain the meaning of this term in your response.

14. If this pollutant consisted of plastic particles, what problems would it create in the environment? Use and explain
the term microplastics in your response.

Land & Water Pollution Unit
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Day 3 – Option C: Interview an Expert
Introduction: In this activity, you will have an opportunity to interview an individual with professional
expertise in this week’s content topics. This activity will be reflective of social science research, or gathering,
analyzing and interpreting information about human interactions. Often this work is conducted using qualitative
interviews, which are interviews designed for research and data collection.
This activity will be divided into three parts:
1. Part 1 – Planning: After your instructor describes today’s guest speaker, your group will identify your
research question using the prompts below. Your research question should pertain to the topics covered
in class this week. Based on your research question, you will develop questions that might help you to
gather information that can help you to answer your research question. Your instructor will ask your
group to share your research question and interview questions prior to the interview and make sure that a
variety of questions are ready.
2. Part 2 – Interview: Your instructor will facilitate the interview; they may choose to ask groups to ask
their questions in a specific order (semi-structured approach), or they may choose to use an unstructured
approach to the interview. Your group should record fields notes during this time that you will use at the
end of the hour to address your research question.
3. Part 3 – Analysis & Debrief: You will be provided with some time to consider the responses that they
receive and reach a tentative conclusion about their research question based on this data.
Part 1 - Planning:
4. Briefly summarize the topics that were covered in class this week in one sentence: This week in class,
we studied

5. As a group, discuss what questions you still have about this week’s topics. Ideally, these questions
should be open-ended (try to avoid Yes/No, Good/Bad, or Agree/Disagree kinds of questions). It can be
helpful to use some of the following to start your questions: Who, What, When, Why, How
1.
2.
3.
Once you have developed three questions, ask for your instructor to provide you with some feedback.
6. From this list, choose a research question for your group and complete the prompt below:
Research Question: We are unsure if

Land & Water Pollution Unit
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7. Turn your research question into a hypothesis. What do you think is the answer to your research
question given what you currently know?
We hypothesize that

8. What information could today’s guest speaker provide that might help you to answer your question?
Briefly describe how this individual’s background and expertise is relevant to your research question:

9. Create three interview questions that you could ask this individual that may provide information related
to your research question. Try to focus on their particular area of expertise as you craft your questions.
1.
2.
3.
10. Be prepared to briefly describe your research question and hypothesis, and how your interview questions
will provide you with information that will help to address your research question.
Part 2 – Interview Field Notes
Use the space below to record some field notes as the guest speaker presents to the class. Record anything that
you hear or observe that might be relevant to your research question. Note: you should also consider recording
the guest speaker’s responses to other group’s questions if they are relevant to your own research question.

Land & Water Pollution Unit
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Part 3 – Analysis & Debrief (your instructor may choose to use oral responses as well as or instead of written)
What are your conclusions based on the guest speaker’s responses? Answer the questions below.
1. What was your hypothesis?

2. Does your data (your observations and field notes from your interview with the guest speaker) support
or refute your hypothesis? Circle one:
Supports it
/
Refutes it
/
Not sure
Explain:

3. Does your data adequately answer your research question? What are the limitations of your findings?
Could bias or representativeness be a concern? (Ask you instructor for guidance if needed).

4. List two new questions that emerged as a result of your interview today:
1
2
5. If you were to continue this work, what kinds of investigations would you do next? Describe a potential
research experiment that would be a suitable follow-up for today.

Land & Water Pollution Unit
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Day 4: Review & Assessment
Directions: you will begin by reviewing the unit objectives in your small groups. For each objective, rank it as
a 1 (completely unsure), 2 (somewhat unsure), or 3 (completely sure) based on your comfort with that objective.
After a few minutes of review, your instructor will lead a whole-class review. This is your chance to ask any
questions you still might have about the concepts in this unit. Begin with anything you ranked as a “1”.
After you have completed the unit review, you will be taking an individual multiple choice quiz and/or a group
short answer quiz. These quizzes may be graded in class to help you better understand the question and the
correct answer.
Unit Objectives:
1. How does a substance become a pollutant? What kinds of substances can be classified as a pollutant?
2. Briefly summarize the five kinds of pollutants and provide examples.
3. What is the difference between point and nonpoint source pollution? Why does this distinction matter?
4. How do the concentrations and molecular properties of a substance determine if and when that substance
becomes a pollutant?
5. What is biomagnification and how does this affect the concentration at which a substance becomes a
pollutant? What kinds of substances have the capacity for biomagnification?
6. What percent of the earth’s soil is degraded and polluted? Why is this a concern?
7. What is soil and what ecological services does it provide?
8. What are four common sources of soil pollution? List and describe.
9. How is water pollution connected to soil pollution? Where does most water pollution come from?
10. Summarize how and why eutrophication occurs and how this process changes aquatic ecosystems.
11. What are the Best Management Practices and how might they reduce problems like eutrophication?
12. What is thermal pollution and how does it harm aquatic ecosystems?
13. What concerns are associated with plastic pollution? Where does this plastic come from?
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Day 5: Career Connections
Directions: to begin this activity, you will form small groups (ideally, 3-4 individuals). These groups could
either be your assigned lab groups from this week OR you could find 2-3 other individuals who have career
interests that are similar to yours. Your instructor will inform you which option you will be using to form your
groups.
Once you have formed your groups, address the following questions as a team.
1.
Try to summarize everything that you have learned so far in this course within your group. Try to
identify the common themes, major ideas, and most important concepts from the content you have
learned.
2.

Try to get a sense of how each person in the group feels about these concepts. Is there anything that
anyone still doesn’t completely understand? Is there anything that anyone maybe disputes or
disagrees with? Is there anything that seemed particularly surprising or noteworthy to anyone?

3.

Using a notebook, whiteboard, or scratch paper, list what you think are the most important ideas and
concepts that you have learned so far. Aim to have at least 5 or 6 ideas written down. It is ok to have
more than this.

4.

As a group, try to determine how these ideas relate to the careers you intend to go into.
Specifically…
a. How might your daily activities in this future career be affected by these concepts?
b. How might the decisions you make as part of this career be influenced by these ideas?
c. How has your intended career area changed over time as a result of our understanding of these
concepts? How might it continue to change in the future?

5.

Soil and water pollution can greatly reduce biodiversity in affected areas, decreasing the ecosystem
services and resiliency of those regions.
a. How do you think your career might currently increase the risk of soil and water pollution and
decrease the biodiversity of an area?
b. How do you think your career could be improved so that it might decrease the risk of soil and
water pollution and increase the biodiversity of an area?

Land & Water Pollution Unit
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Land & Water Pollution Individual Quiz
Name:

Hour

Date:

Score:

/

Directions: This quiz should be completed on an individual basis. A 3x5 notecard with handwritten notes can
be used on this quiz.
1. In order for something to be a potential pollutant, it has to be…
a. Synthetic or manufactured by humans.
b. A form of waste or garbage.
c. Able to reach a concentration that interferes with ecosystem function.
d. None of the above.
2. Which of the following could NOT be a potential pollutant?
a. Light b. Sound c. Carbon Dioxide d. Heat e. All of these could become pollutants
3. Two forms of pollution are affecting a lake. One is point-source pollution; the other is non-point
source pollution. Which problem will likely be the easiest to fix?
a. Point-source pollution because the source of this kind of pollution is more easily identifiable.
b. Non-point source pollution because this kind of pollution is always non-toxic.
c. Point-source pollution because this kind of pollution comes from natural sources.
Concentration*(ppm)*at*
d. Non-point source pollution because this kind of pollution comes from non-industrial areas.
which%various%
4. Based on the chart on the right, what can we conclude?
a. All substances that are toxic become toxic at the same concentration.
b. Lead and dioxin are less toxic than mercury and DDT.
c. Different substances become toxic at different concentrations.
d. Mercury and DDT are safe substances.

pollutants)become)
Concentrations
(ppm) at which
toxic become toxic.
various pollutants
Dioxin

PCB

Mercury

5. A farming lobbyist group is arguing that a banned herbicide should be allowed
Lead
to be used in small doses. An advocacy group disagrees, showing clear
evidence that the herbicide can biomagnify and reach toxic concentrations in
DDT
wildlife if used. The farm lobbyist group argues that the amount they would
0
0.005
0.01
use would be far below the toxicity level for that substance and couldn’t harm
wildlife. If this substance can undergo biomagnification, who is correct?
a. The farm lobbyist group – if they are using concentrations that are below the toxicity level,
wildlife should not be in danger.
b. The advocacy group – if a substance can biomagnify, concentrations of that substance would
potentially increase to toxic levels as it moves up the food chain.
c. You cannot tell from the information provided.
6. Substance A is fat soluble, heavy, and immediately breaks down into a harmless chemical after
24 hours. Substance B is water soluble, lightweight, and takes five years to break down.
Substance C is fat soluble, lightweight, and also takes five years to break down. Which
substance is most likely to undergo biomagnification?
a. Substance A b. Substance B c. Substance C d. You cannot tell from this information
7. Currently, _____ of the world’s soils are degraded. This matters because ______________.
a. 10%; soil supports biomass production, filters water, and cycles nutrients.
b. One third; plants need to consume soil to make more plant tissue.
c. 10%; plants need to consume soil to make more plant tissue.
d. One third; 10%; soil supports biomass production, filters water, and cycles nutrients.
Land & Water Pollution Unit
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8. Briefly list the four main causes of soil pollution:

9. A farm has a field with a low, wet area in its center (essentially just a large puddle). A buffer
strip of grass separates the field from the stream. Could the nitrogen and phosphorus nutrients
in this field cause water pollution to a stream that is 1000 feet away?
a. No – this puddle is not connected to the stream and so runoff into the puddle would stay there.
b. No – nitrogen and phosphorus are naturally occurring and cannot be pollutants.
c. No – the buffer strip would prevent any contamination of the stream.
d. Yes – but only if the puddle overfills and spills into the stream.
e. Yes – the surface water in the puddle filters into the groundwater beneath the field and could
eventually reach the nearby stream.

10. Which of the following best summarizes the process of eutrophication?
a. Excess nitrogen and phosphorus are carried by runoff into aquatic ecosystems where they
biomagnify and cause toxicity.
b. Excess nitrogen and phosphorus are carried by runoff into aquatic ecosystems where they
cause algae blooms the reduce aquatic plant photosynthesis, lowering dissolved oxygen.
c. Nitrogen and phosphorus are toxic at even small amounts.
11. Which of the following would reduce rates of eutrophication?
a. Directly injecting manure into the soil instead of spreading it across the soil.
b. Planting grass on low wet areas of fields to slow erosion and rates of runoff.
c. Storing manure in pits or tanks and only spreading it during dry times of the year.
d. Using no-till practices to prevent erosion and runoff from occurring.
e. All of the above would reduce rates of eutrophication.
12. Which of the following would be an accurate description of thermal pollution?
a. The reduction in dissolved oxygen due to a decrease in water temperature.
b. The reduction in dissolved oxygen due to an increase in water temperature.
c. The increase in dissolved oxygen due to a decrease in water temperature.
d. The reduction in dissolved oxygen due to high nutrient levels
13. Plastic pollution is a problem in aquatic ecosystems because…
a. The plastic can strangle, choke, or tangle up wildlife, resulting in their deaths.
b. The plastic breaks down into microplastics that can accumulate to toxic levels.
c. The plastic clusters into giant concentrations of debris in oceans known as Garbage Patches.
d. Microplastics are also being found in increasing levels in bottled water and seafood consumed
by humans.
e. All of the above are problems associated with plastic pollution.
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Land & Water Pollution Group Quiz
Names (F&L):
Hour

Date:

Score:

/

Directions: This quiz should be completed in your assigned groups. A 3x5 notecard with handwritten notes
can be used on this quiz. Each person should take turns writing an answer. Those not writing should be
actively working together to create their group’s answer. Those who are not actively involved in answering
every question may be asked to complete this quiz alone. Record the writer’s name after each question.
1. You see a post on social media claiming that substances like nitrogen, phosphorus, lead,
mercury, and carbon dioxide cannot be pollutants because they are naturally occurring and are
a part of ecosystems even in the absence of human activity. Are they correct? Explain.

Writer’s Initials:
2. A chemical in an herbicide has been linked to an increased risk of cancer among those exposed
to high doses of the chemical. According to a recent report, this herbicide chemical has been
detected in breakfast cereal at a concentration of 0.5 ppm. The herbicide becomes dangerous
when found in concentrations of 100 ppm or more in tissue. The chemical in this herbicide does
not undergo biomagnification and is not fat soluble. Should you avoid this cereal? Explain.

Writer’s Initials:
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3. Currently 1/3 of the world’s soils are degraded. Summarize why this is a concern by describing
the five key ecosystem services provided by soil. Be sure to also address the impact that soil
has on biomass production and how this affects biodiversity and ecosystem resilience.

Writer’s Initials:
4. A lobbyist group is challenging a provision of a state water regulation. This state policy states
that those who are found responsible for contaminating lakes, rivers, and streams can be fined
for the cost of cleaning up these aquatic ecosystems. The lobbyist group argues that while
large bodies of water such as lakes and rivers certainly require protection, small streams,
ditches, and puddles should be exempt from this regulation because they are too insignificant
to result in any problems. Are they correct? Explain.

Writer’s Initials:
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5. Currently agriculture is the most frequent identifiable cause of pollution to surface water like
rivers and lakes. Summarize how the agriculture industry could prevent this pollution through
the adoption of Best Management Practices.

Writer’s Initials:
6. There are many options currently available to reduce the use of disposable plastic, including
reusable water bottles, cloth shopping bags, metal straws, and reusable utensils. The downside
of utilizing these options is that you have to carry these items with you (rather than discarding
them when you finish using them). Are there any reasons to consider utilizing these reusable
options rather than using disposable plastic?

Writer’s Initials:
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Appendix: Pollution Case Studies
Introduction: sometimes students have a tendency to believe that pollution is a problem that has been largely
solved and/or is a problem that is more about preventing an eyesore like litter on the side of the road rather than
preventing pervasive ecological damage. The purpose of the pollution case studies is to help students
understand that a) pollution is an ongoing problem that is still prevalent in our society, and b) that pollution has
a major impact on both human and ecological health and wellbeing. Furthermore, this is to help students
appreciate the need for social and legislative action to address the causes and implications of pollution.
Directions: students should work in their assigned groups for this activity. They will need internet access via
computers, laptops, or their personal devices (if permitted). It might be advisable to use your school computer
and a projector to go through an example with them. This would be particularly helpful for enabling students to
better understand what constitutes as a credible source online. Critiquing a website with students can be a
valuable means for guiding their understanding of what online sources they can trust. (Note that this topic is
covered in more detail later in the semester.)
It is your decision as to how topics should be assigned. You may want to select groups at random (such as by
drawing names or shaking a die) and either go in order of the cases or have the randomly-chosen group pick
their top choice of cases. Students may also want to investigate a different case; this could be very valuable,
particularly for local or state examples of pollution.
Students should be prepared to answer the five questions listed below the cases in front of the class. Because
time is limited for this activity, it would be wise to encourage students to choose their roles before seeking
information, and to share valuable sites that they find with the rest of their group.
Summaries have been provided describing how a bill becomes a law. If time allows, you might want to briefly
discuss the difficulty of passing legislation at the federal level. Sometimes American citizens perceive
environmental legislation to be burdensome and passed without an appropriate amount of deliberation. Helping
students to understand how these laws came to be passed may help them to better understand the role that public
concern and the subsequent legislation played in response to a range of environmental problems in the mid-20th
century.
Consider using the 9 Talk Moves (next page) to support productive classroom dialogue.
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Goals for Productive Discussions and Nine Talk Moves
Goal: Individual students share, expand and clarify their own thinking
1. Time to Think:
Partner Talk
Writing as Think Time
Wait Time
2. Say More: “Can you say more about that?” “What do you mean by that?” “Can you give an example?”
3. So, Are You Saying…?:
“So, let me see if I’ve got what you’re saying. Are you saying…?” (always leaving space
for the original student to agree or disagree and say more)

Goal: Students listen carefully to one another
4. Who Can Rephrase or Repeat?
“Who can repeat what Javon just said or put it into their own words?” (After a partner
talk) “What did your partner say?”

Goal: Students deepen their reasoning
5. Asking for Evidence or Reasoning:
“Why do you think that?” “What’s your evidence?” “How did you arrive at
that conclusion?” “Is there anything in the text that made you think that?”
6. Challenge or Counterexample:
“Does it always work that way?” “How does that idea square with Sonia’s example?”
“What if it had been a copper cube instead?”

Goal: Students think with others
7. Agree/Disagree and Why?:
“Do you agree/disagree? (And why?)” “Are you saying the same thing as Jelya or
something different, and if it’s different, how is it different?” “What do people think
about what Vannia said?”
“Does anyone want to respond to that idea?”
8. Add On:
“Who can add onto the idea that Jamal is building?”
“Can anyone take that suggestion and push it a little further?”
9. Explaining What Someone Else Means:
“Who can explain what Aisha means when she says that?” “Who thinks they could
explain in their words why Simon came up with that answer?” “Why do you think he said
that?”

Source: https://inquiryproject.terc.edu/shared/pd/TalkScience_Primer.pdf
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Appendix: Pollution Lab Activity
Introduction: this activity consists of two simulations. Both are meant to show the relationship between
different soil management practices and the subsequent impacts on water pollution from agricultural systems.
The first demonstration consists of comparing water retention and rates of runoff from undisturbed soil with
large amounts of vegetation compared to disturbed soil with less intact vegetation. The second demonstration
compares the rates of nutrient runoff between manure that is spread on the surface of soil compared to manure
that is injected into the soil. In this case, the “manure” consists of whole wheat flour mixed with garden
fertilizer (such as Miracle Grow) and water to form a manure-like consistency. Food dye can be added for
additional realism.
Materials: potting soil; potted plants; empty potting containers; watering cans and/or buckets; water testing kits
(particularly tests for nitrogen and phosphorus); whole wheat flour; garden fertilizer (such as Miracle Grow);
water; food dye (optional); syringes; plastic tubs, paint roller trays and white disposable inserts; duct tape.
Directions: For the first demonstration, you will need two samples of soil. One should have undisturbed soil
with large amounts of root-based vegetation, while the other should consist of disturbed or loose soil with
minimal vegetation. This can be as simple as using a potted plant and comparing it to a similar-sized pot freshly
filled with potting soil. The pots should either a) have a hole cut or drilled at the bottom or b) be tilted at an
angle so that water can run off. Pour a predetermined amount of water (such as a gallon, or whatever amount
appropriate for the size of the pot) into the soil. Have a bucket or other way of collecting excess water beneath
the pot. After pouring the same amount of water into each pot of soil, record how much runoff occurred from
each pot vs. how much water each pot retained. You can also compare the turbidity (cloudiness) of the runoff
and if you have water testing kits, you can compare the nutrient content of the runoff (particularly in regards to
nitrogen and phosphorus testing). To see an example of this demonstration, visit
https://www.facebook.com/ziarpiatraneamt/videos/2048020385268780/ .
For the second demonstration, you will need to prepare your ‘simulated manure’ in advance. To do so, you
should mix whole wheat flour with water until you achieve a manure-like consistency. You will also need to
add a small amount of garden fertilizer (such as Miracle Grow) to the mixture at a rate of about 1-2 tablespoons
per gallon of “manure”. Position two paint roller trays (or small plastic tubs) so that they are slightly angled
with the lower end within a larger tub. Use large syringes or basters to spread the “manure” across the surface
of one of the trays of topsoil and to inject the manure beneath the soil in the second tray. Use a watering can to
make it “rain” on the soil and collect the runoff in the larger tub. Compare the turbidity of the water between the
two treatments and if possible, test each collection of runoff for their nitrogen and phosphorus content. If
possible, you may wish to also have a “no-till treatment”. To create this treatment, use a potted plant or use a
shovel to get a similar-sized amount of grassy vegetation from outside to place in the smaller tub or tray. Inject
the manure using a syringe as before (you could also add a fourth treatment in which the manure is spread on
top of the vegetation). Use a watering can to create rain and runoff and measure the resulting runoff for turbidity
and nutrient content.
If time allows, you may also want to include a test of a local river, stream, or lake to determine if any forms of
pollution can be found in these bodies of water.
Notes: depending on your class size, it may be more or less feasible to have students complete this lab in
stations. If need be, it is possible to perform these demonstrations in front of the class but this would likely have
less impact than if students were able to perform these demonstrations in small groups. It is up to the instructor
to determine which scenario would work best for their class.
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Appendix: Pollution Simulation Activity
Introduction: this activity consists of mimicking the movement of pollutants in groundwater using a slice of
bread, food dye, and drops of water. While this is a rather simplistic lab, it helps to ground concepts from this
unit in a very straightforward and easy-to-understand activity.
Materials: slice of bread, food dye, eye dropper, water, paper towel, tray.
Directions: See the instructions in the activity.
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Appendix: Interview an Expert
Introduction: In this activity, students will interview a member of your community with expertise in
agriculture and/or sustainability. Examples could include DNR officials, university extension agents, etc. As an
instructor, you will need to make arrangements for a guest speaker at least a week in advance (ideally sooner).
Once you have found a volunteer who is willing to speak to your class, please inform them that this class
activity is being designed to reflect how social scientists conduct research. Your guest speaker should know that
students will be preparing research questions and hypotheses, and will be designing their interview questions to
provide insights that may help them to address these questions in a manner similar to a social scientist.
This activity will be divided into three parts:
1. Part 1 – Planning (15-20 min):
a. Inform students of the guest speaker (or introduce them if they are there in person). Explain how
their work pertains to this week’s content.
b. Have student groups identify their research question using the prompts on the worksheet. Their
research question should pertain to the topics covered in class this week. Remind students that
questions should be thoughtful, insightful, and respectful. You should provide examples to
students if they might struggle with this.
c. Have groups share your research question and interview questions prior to the interview and
make sure that a variety of questions are ready.
2. Part 2 – Interview (15-20 min):
a. Serve as the facilitator of the interview. You may choose to ask groups to ask their questions in a
specific order (semi-structured approach), or you may choose to use an unstructured approach to
the interview.
b. Remind groups to record fields notes during this time to use at the end of the hour to address
their research question.
3. Part 3 – Analysis & Debrief (10 min):
a. Have students address their hypothesis using their observations and field notes. This can be
either verbal, oral, or both depending on what you think will work best.
It is recommended that you introduce this activity to your students earlier in the week (e.g. Monday or Tuesday)
so that they can begin to mentally prepare their research questions in advance. Make sure that your students
avoid turning this activity into something that might feel accusatory or incriminating to the guest speaker.
Emphasize that this should be a respectful exercise in finding information by asking thoughtful questions, not
an opportunity to criticize an individual for their work.
The guest speaker can either appear in person or via an online platform such as Zoom or Skype. An in-person
guest speaker tends to be more impactful but can be harder to arrange. You could also conduct the interview in
advance and show a recording of the interview if needed (this activity may need more modification for this
option). You may choose to ask an introductory question to model a proper approach for your students. Whether
students ask their questions in a specific order or utilize a free-for-all approach to asking questions is up to you
as the instructor. Time may run short, but if possible allow time at the end of class for debriefing and analysis
(ideally at least 10 minutes). You might choose to have students answer the Analysis and Debrief questions
orally rather than in writing to save time if that would be helpful. It is also an option to postpone the Analysis
and Debrief to a later day.
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Appendix: Review and Asssessment
Introduction: In this section, we will discuss strategies to guide your students during review and assessment
for a vocabulary-intensive unit.
While recent reforms to science education (as outlined by the NRC’s K12 Framework and NGSS) minimize the
emphasis on having students learn vocabulary, we have found that we cannot completely eliminate vocabulary
from ecological instruction for a number of reasons. Most importantly, we have found that in order for students
to sufficiently engage in reasoning and sense-making about ecological phenomena, they need to have an
appropriate language with which to develop explanations and solutions.
However, in the FACTS curriculum, we view vocabulary as a means to an end and not as a central objective to
the curriculum. In other words, we don’t care very much whether students have memorized the definitions of
terms, but whether they can accurately use those terms to describe and understand phenomena, and ultimately
create evidence-based arguments, explanations, and solutions. We view vocabulary as part of a “sense-making
toolkit” that enables students to organize their reasoning and argumentation.
As such, we recommend that you provide students with opportunities to practice mastering the vocabulary in
this course while also recognizing that mastery of vocabulary is a secondary objective in these units. This means
that assessing vocabulary can work as a formative assessment but is not ideal by itself as a summative
assessment. The primary goal of this curriculum is to enable valid evidence-based reasoning and sense-making,
and your summative assessments should reflect this.
There are a few strategies you might considering adopting to support these objectives:
- While multiple-choice assessments are provided in the weekly packets, we take the stance that these options
should not be used by themselves as a final summative assessment.
o You might consider assigning this as optional homework, allowing students to use a 3x5 card with
handwritten notes, and/or assigning completion points in lieu of scores based on the percent correct.
- Teachers have also created hybrids of the multiple choice and short answer assessments, selecting some
questions from each option. Their experiences suggest that the multiple-choice assessments help to prepare
students for the more intellectually rigorous short answer questions.
- You might also consider having a space on a chalkboard/dry-erase board for publicly posting course
vocabulary or hanging a large sheet of paper and adding vocabulary and definitions if students start to
struggle.
- Teachers have also used vocabulary practice as an option for a bell-ringer activity, using options such as
short, ungraded online quizzes to start class.
You as the instructor are best positioned to decide what will be most effective for your classroom. Feel free to
use or disregard these suggestions as you see fit. However, we do strongly recommend that you avoid
positioning memorization of vocabulary as one of the primary objectives of this course, and instead emphasize
valid reasoning and sense-making about ecological phenomena as your top priority.
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