Lesson Seed: Who Pollutes?

This lesson seed can be used for middle or high school classrooms

	High School Core Learning Goal 3: Concepts of Biology 

	Expectations 

3.5 The student will investigate the interdependence of diverse living organisms and their interactions with the components of the biosphere.



	Indicators
3.5.3 The student will investigate how natural and man-made changes in environmental conditions will affect individual organisms and the dynamics of populations.



	

	Middle School Standard 6.0 Environmental Science

	Expectations 6.B.1: 
Grade 6: Recognize and explain that human-caused changes have consequences for Maryland’s environment as well as for other places and future times.

Grade 7: Recognize and describe that environmental changes can have local, regional, and global consequences.

Grade 8: Recognize and explain how human activities can accelerate or magnify many naturally occurring changes.

	Indicators 

Grade 6: 6.B.1c. Identify and describe that ecosystems can be impacted by human activities.
Grade 7: 6.B.1a. Identify and describe a local, regional, or global environmental issue.

                    1b. Identify and describe that different individuals  or groups are affected  

                          by an issue in different ways.

Grade 8: 6.B.1b. Identify and describe how human activities produce changes in natural processes.

	Objectives: Students will be able to:

1. Brainstorm types of pollution and identify what type of pollution it is.

2. identify a range of actions which cause water pollution

3. Design an experiment to test the affect of excess nutrients on the Bay

4. Explain the consequences of excess nutrients on water.



	

	Materials and Set Up:
FOR WHO POLLUTED?

One clear gallon jar (or bowl of water) 

One plastic film canister per student (often available from film processing stores) or other small container

Ingredients and story character labels to fill and label canisters: 

Story Character label
Ingredients to fill canister
Trees
Leaves (dry)
Construction site
Soil (clayish, dry)
Person fishing
Fishing line or dental floss
Farmers
Baking soda
Gardeners
Baking soda
Beach party
Assorted litter
Family picnicking
Assorted litter
Barnyard 
Water and instant coffee granules
Washing the family car
Water + 1 drop dishwashing soap
Antifreeze
Water + 1 drop green food coloring
Mysterious liquid
Water + 1 drop red food coloring
Homeowner 
Water + 1 drop yellow food coloring and toilet paper
Coal mine
Vinegar
Electric power plant
Vinegar
Commuters
Vinegar
Motorboats
Water + 1 drop each green and red food coloring
FOR FILTERING ACTIVITY:
2L Bottles

various filtering materials, such as rocks, pasta, grass, charcoal, round plastic filters from aquaculture, sand, and leaves.

FOR BAY IN A BEAKER:

Bay water

Fertilizer solution





Test tubes with caps, test tube racks


Algae measuring procedure (see teacher’s notes)

Light source

Graduated Cylinders


	Relevant Vocabulary:
eutrophication, nutrients, pollution, submerged aquatic vegetation (sav), turbidity, watershed



	Introduction/Motivation

Students will brainstorm the types of pollution as the teacher records their responses on the board. Students can brainstorm possible categories of pollution based on their responses, such as air pollution, water pollution, and soil pollution.


	Activities 
1. Who Causes Pollution?

Students will complete the activity: “Who Polluted?”  In this activity, each student receives a labeled food canister with a “pollutant” inside.  For the class, there is one large “clean” water container in the front of the room.  As the teacher reads a story (attached at the end of this lesson seed), the student will stand and pour the canister’s contents into the large water container when they hear the word printed on their canister.  At the end of the activity, the water is VERY polluted. Ask students “Who polluted the Bay?” They should realize that we all contribute to water pollution. Discuss if it is easier to prevent or clean up pollution. Ask students how they can make a difference in protecting our waterways. Typical comments are not littering, car pooling, turning off lights, keeping cars in good repair and recycling.
This activity is available at the website of the Sustainability Camp http://www.tbgf.org/sustainable-kids/curriculum/006a-pollution-game.php It was adapted from Population Connection, 2004, http://www.populationeducation.org/
2. How can we remove pollutants?

Students will create various types of filters to remove the pollutants from the water.  The filters consist of an empty 2-L bottle with the bottom removed.  The bottle is placed upside down and students can add various filtering materials, such as rocks, pasta, grass, charcoal, sand, leaves and round plastic filters from aquaculture.  Some of the “Who Polluted?” water is given to each group and passed through the filter.  Students will then evaluate the filtered water on a scale of 1-5 on the following characteristics: particulates, clarity, color, and odor.  Students should determine which materials act as the best filters for these purposes. Stress to the students that looking at water is not a good indication if it is safe to drink. (see Water Pollution Lesson Seed  or Dirty, Dirty Water Lesson Plan for more about that)
3. Bay in a Beaker—one of the largest threats to the Chesapeake Bay is nutrient pollution from runoff with fertilizer. Students will investigate this issue with a laboratory activity (attached) entitled “Bay in a Beaker” adapted from Pride of Baltimore site http://www.pride2.org/NewPrideSite/Asia/Lesson7/Bay_Beaker.html 



	Conclusion/Wrap Up

In the computer lab, students complete the H2O No portion of the Bayville online interactive. (http://bayville.thinkport.org/default_flash.aspx ). Their essays about the Mega Mall controversy are used to assess their grasp of knowledge of the material covered

	Follow Up/Extension: Students look for practices on their school site that could potentially cause problems for the waterways in their watershed.  Schoolyard habitat projects could serve as further extension. 


WHO POLLUTED THE POTOMAC?

For many thousands of years, people have lived on the banks of the Potomac River. They hunted in the forests, harvested foods from wetlands, and caught fish in the river.

Imagine that the jar of water in front of you was taken from the Potomac River by a First Nations person about 500 years ago.

· How does it look to you? 

· Does this look like water that you might drink? swim in? eat fish from? 

 

One of the first explorers to visit the river kept a journal of his discoveries. He wrote about the aboriginal villages, the tributaries of “sweet water,” and seeing so many fish that he and his crew tried to scoop them out with a frying pan.

Soon colonists began to arrive. They found fertile land for farming, forests teeming with wildlife, and a river that provided ample food and water. It was an outstanding environment for settlement, and the colonists prospered.

· How do you think the colonists used the river? 

· Do we use our rivers in the same way/s today? What are the similarities and differences in the way we use the river? 

(Students may immediately recognize direct similarities like transportation and food, but may not realize that the water they use everyday also may come from a local waterway to their tap.)

The river has changed a lot since it was first explored. This is the story of those changes. Listen for the name of the character printed on your canister. When you hear your character named, open the canister, and dump its contents into the river.

Years went by, and occasional storms drenched the area. High winds whipped through the trees and blew leaves into the water. Gradually, a city grew on the banks of the Potomac. Developers cleared wetlands and forests to build houses and businesses. Rains washed loose soil from construction sites into the river.

· Is this water safe to drink? 

(If the response is “no,” ask if the river had leaves or soil in it when explorers first drank from it).

· Would you swim in it? Is it safe for wildlife? 

At first, the city was small. Upstream, farmers planted crops to feed the city’s growing population. Some of these crops grew right up against the banks of the river, and fertilizer washed off the land and into the water. Other farmers kept pigs and other animals in their barnyards. As rainwater drained out of the barnyard, it carried some of the manure into a little creek behind the farm. The creek flows into the river.

· Would you drink this water now? 

· Would you swim in it? Go boating on it? 

· Is it safe for wildlife? 

 

As the city grew, more and more people began to move to the nearby countryside. These rural houses are not connected to the city sewer system. Wastewater from these houses flows into septic tanks under the ground. One homeowner has not maintained the septic tank and poorly treated sewage seeped into the river.

To meet the electricity needs of the city, area officials decided that they would need to generate more power. Far upstream, a coalmine was dug. Rainwater drained down into the mineshaft and soaked the piles of wastes and scraps from mining. This made the rainwater become acidic—sort of like strong vinegar. Then the acid water trickled off the banks and back out into the river.

To burn the coal, and produce the power, an electric power plant was built along the river. Gasses coming out of the smokestacks combine with moisture in the air to form acids. The pollution falls back to earth as acid rain or smog.

· Would you drink this water now? 

· Would you swim in it? Go boating? 

· How could we determine if this water was safe for wildlife? 

(Possible answers might include: noticing evidence of dead animals, testing for pH levels with litmus paper or chemical testing, viewing water samples under a microscope, performing organism counts, etc.)
Now, the city is one of the largest metropolitan areas in the country. Traffic congestion is a big problem for commuters who drive their cars to and from work. Car exhaust fumes (just like power plant fumes) cause acid rain. If a car is not kept in good repair it might also leak oil or other fluids, which will be washed off the pavement and into the river with the next rain.

And how do the residents of the city and its suburbs spend their time? In one neighborhood, lots of gardeners are out working in their yards. Many of them are using weed killers and insect sprays to keep the lawns pretty. The next rain will wash these poisons into a little creek nearby, and then into the river.

One father is teaching his daughter how to change the antifreeze in their truck. They pour out the used antifreeze into the driveway. Antifreeze is sweet tasting and can poison animals that lick it. It can also get into the nearby creek and poison fish.

Nearby, a boy washes the family car. The soapy water rushes down the driveway into the storm drain; the storm drain empties into the river. The grease and grime on a car can contain asphalt from the roads, asbestos from the brakes, rubber particles from the tires, toxic metals, and rust. If the boy had gone to a local car wash, the water would have been treated before it returned to the river.

Next door, a family is cleaning out their garage. They find an old rusty can with a tattered skull and crossbones label still stuck on it. What could it be? It looks dangerous and they want to get rid of it before someone gets hurt. But how? Junior gets an idea: “Let’s pour it down the drain out by the curb!” So the mysterious liquid goes down the storm drain. The poison is out of sight – but is headed for the river.

On nice days, many people head down to the river. Some zoom up and down the river in motorboats and don’t notice that a little engine oil leaks into the water. 

A group of friends have spread blankets on the shore for a beach party. Lots of families are picnicking in the shore. With the next storm, that trash will wash into the river. On the shore a person fishing snags a hook on a log, and breaks off the nylon fishing line. 

 Alternative Story: Who Polluted the Bay? 

Labels on containers:

1. Soil – dirt



9.  car wash - soapy water

2. trees – leaves


10.  commuters - vinegar 

3. motorboat drivers – dishsoap
11.  homeowner - yellow water

4. party & picnic – trash

12.  toxic chemicals - blue water 

5. fisherman - fishing line

6. farmer - baking soda

7. orchard - green water

8. coal mine - vinegar

This water is pretty clean, isn't it?  Is it clean enough to drink?  Clean enough to swim in?  Clean enough to boat on?  Did you know that when Captain John Smith sailed up the Potomac, that the water was this clear?  He wrote in his diaries that you could look over the side of your boat and see fish swimming in the water.  There were so many fish, that they thought they could scoop them up in a frying pan! What do you predict the quality of the water was when the water was this clean in the 1600s?  Thumbs up or down?

I’m going to read a story.  When you hear me say the words found on the label of your container, I want you to bring up the container, open it and carefully pour the contents into this large jar that represents the Chesapeake Bay.

“It is beginning to rain.  The SOIL from the nearby construction site is being washed into the bay.  The storm worsens and blows leaves from the TREES into the bay.  What factors of water quality have changed? (clarity) Is the water clean enough to drink?  Clean enough to swim in?  Clean enough to boat on?

After awhile, the sun comes out and people head to the marina to go out boating.  The MOTORBOAT DRIVERS zoom up and down the Bay.  As their boats pass, they leave behind a mix of oil and gas.  The drivers pass some people having PARTIES AND PICNICS on the beaches.  As the people pack up for the day, they leave trash behind on the beach that washes into the Bay with the next high tide.

There are some people fishing along the shore.  Their nylon fishing line gets tangled around some sticks in the water and breaks off.  The FISHERMEN replace the broken line and leave the old hook and line behind. What do you think now? Is the water clean enough to drink?  Clean enough to swim in?  Clean enough to boat on?

There is a farm in the watershed.  The FARMER has fertilized their fields recently and the rain washes some of the unused fertilizer off the land into the Bay.  Down the street from the farm is an ORCHARD where fruit trees are sprayed with pesticides to keep the insects away.  Eventually, most of the insecticide is washed off the trees onto the ground and into the Bay by the rain. What factors of water quality might be different now? (pH, clarity as the algae use the fertilizer, lower D.O. as the algae mats die and as the SAVs die and O2 production drops)

Across the Bay from the farm is a power plant which has piles of coal from a COAL MINE.  .  Rain that falls flows onto the coal piles and mixes with the coal dust causing the water to become acidic.  As the rain continues, the acidic water flows out into the bay. What water quality factor changed now? (pH) Is the water clean enough to drink?  Clean enough to swim in?  Clean enough to boat on?

Up on the hill overlooking a creek leading to the Bay is a big old house.  The house is far away from other homes and is not connected to the city sewer system.  Instead, it has its own septic tank where waste water from the house goes.  The HOMEOWNER does not know that his septic tank has a leak and that untreated wastewater is flowing directly into the creek and eventually into the Bay.

The people who live in the house on the hill like to drive a shiny car.   Every weekend, they can be seen in their driveway giving their car a CAR WASH.  The soapy water which has a  pH of 8 or 9 runs down their driveway and into the street where it flows into the storm drains at the end of the street.  That drain flows directly into the creek  How did the soapy water affect the water quality?  Is the water clean enough to drink?  Clean enough to swim in?  Clean enough to boat on?

Many people, called COMMUTERS, drive their car to work every day.  Each car and truck on the road gives off exhaust from its tail pipe.  That exhaust often ends up in the clouds and then returns to us in the form of acid rain.  As their cars sit in the parking lot all day, drips of oil, antifreeze and gas are often left behind on the pavement as well.  If it’s a HOT summer day, the rain that hits the parking lot becomes VERY HOT.  The rainwater carries these TOXIC CHEMICALS off the parking lot into streams that lead to the Bay.  Have you ever seen a rainbow color in water washing down the street or off a parking lot after a storm?  That’s from the chemicals.  What do you think now? What water quality factors would have been changed by the hot rainwater and the chemicals?  (Temp., D.O., pH…)

Is the water clean enough to drink?  Clean enough to swim in?  Would you eat fish caught in the Bay?  

So, who polluted the water?  Is it one person's fault?  Who's going to clean it up?  Do you think it would be easier to clean up the Bay and its tributaries after it is polluted or try to prevent pollution before it happens?  What are some things that you personally could do to help clean up the bay?”

Inquiry-Based Lab: Bay in a Beaker
Nitro and Jen were driving home from a Walkersville lacrosse game.  They noticed that many people were out fertilizing their lawns.  They had just learned about the Chesapeake Bay watershed in Biology class and wondered what would happen to the fertilizer if it rained.  They researched fertilizer in the library and found the following information.


The main pollutants in the Chesapeake are nutrients. The two primary nutrients are nitrogen (N) and phosphorus (P). Nitrogen and phosphorus are essential for life, and both of them occur naturally in soil, water, and air. There's also lots of N and P in human sewage and farm animal manure. Plant fertilizer used on lawns and farm fields are made of nitrogen and phosphorus. If nutrients are required for life, then how can too many nutrients cause problems for the Chesapeake? 

When the Bay receives too many nutrients, the system gets out of balance (see Figure 10). Single celled plants, called algae, are present in all water systems. These essential plants are the first link in the food web. However, excess algae cause two major problems for other life in the Bay. When the Bay receives excess nutrients, algae bloom, or become too abundant. Because there are so many algae the color of the water turns brownish or greenish. These algal blooms block sunlight from reaching beds of submerged aquatic vegetation or SAV. SAV provides excellent habitat and food for many Bay animals, but SAV can die when light is reduced. The second problem occurs after the algae bloom. Large masses of algae die, sink to the bottom, and decay. The bacteria that break down the dead algae use large amounts of oxygen. With less oxygen in the water, fish, crabs, and other aquatic life are greatly affected. 
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Nitro asked Jen, “What would happen to the Chesapeake Bay if more and more homeowners fertilized their lawns?”

Your Task:

Design an experiment that will answer Nitro’s question.

Available Materials:

Bay water



Test tubes with caps
Fertilizer solution


Algae measuring procedure

Test tube rack

Light source

Graduated Cylinder



After Experiment:

Write a paragraph to Nitro and Jen explaining the conclusions you made as a result of your experiment.  Be sure to use data to support your conclusion.

Teacher’s notes:  
See http://www.pride2.org/NewPrideSite/Asia/Lesson7/Bay_Beaker.html for information.
Bay water should contain algae.  Pond water can be substituted for Bay water.

This experiment runs between 5-7 days with access to sunlight.  Grow lights do not work as well.

Possible student set –up:

One test tube with 20 mL of bay water alone.

One test tube with 15 mL bay water and 5 mL of fertilizer.

One test tube with 10 mL of bay water and 10 mL of fertilizer

One test tube with 5 mL bay water and 15 mL of fertilizer.

Turbidity Test Procedure:
1. Fill the water test container up to the black fill line you'll see on the outside of the container on the label. This is the turbidity line. 

2. Hold the Turbidity Chart on the top edge of the water test container. 

3. Looking down into the jar, compare the appearance of the Secchi disk icon in the container to the chart. 

4. Record the results as Turbidity in JTU on your field data sheet. 
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Other options for this activity (Enrichment): 

Obtain some Elodea from a tropical fish store. Elodea is a type of freshwater SAV. Place a piece of Elodea in each beaker and monitor its growth. Initially, the Elodea may grow well, but eventually the algae growth should overwhelm the Elodea and cause it to die. Students can monitor the growth of Elodea over time. Students can also measure oxygen, pH, nitrogen, and phosphorus levels in each beaker. Students can design a chart, collect data over a 4- to 6-week period, and interpret the data.[image: image3][image: image4][image: image5][image: image6][image: image7][image: image8][image: image9][image: image10][image: image11][image: image12][image: image13][image: image14][image: image15][image: image16][image: image17][image: image18][image: image19][image: image20]
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