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[bookmark: _Toc355353632]Landfills

Grade Level: 5
Next Generation Science Standards (NGSS)
· [bookmark: _Toc355353633]5-ESS3-1. Obtain and combine information about ways individual communities use science ideas to protect the Earth’s resources and environment
	


· ESS3.C: Human Impacts on Earth Systems-Human activities in agriculture, industry, and everyday life have had major effects on the land, vegetation, streams, ocean, air, and even outer space. But individuals and communities are doing things to help protect Earth’s resources and environments. 
Common Core State Standards (CCSS)
· CCSS.Math.Content.5.NBT.A.4 Use place value understanding to round decimals to any place.
· CCSS.Math.Content.5.NBT.B.5 Fluently multiply multi-digit whole numbers using the standard algorithm.
Background Knowledge
[bookmark: _Toc355353634]Teacher:

Refer to the Guided Reading (page 2) and the vocabulary (page 13).
















Guided Reading

A landfill is where our trash, also referred to as municipal solid waste (MSW) is buried.  There are two different types of landfills: the old style landfill, which does not have a liner and the new sanitary landfill, which has a liner system in place.  New landfills are a great example of using science, technology, engineering, and math to improve a process.  Before municipal solid waste or MSW is buried in a landfill it is taken to transfer station, where city collection trucks unload trash and reload it onto a large truck to be sent to a landfill.  This lesson will discuss how much trash is produced per capita, or per person.  In 2012, Nevada produced about 7 pounds of MSW a day per capita.  This is based on the following calculations:
Nevada produced 3,504,861.85 tons of waste in 2012.  The US Census Bureau estimates that Nevada’s population was 2,758,931 in 2012.  

3,504,861.85 tons / 2,758,931 = about 1.27 tons per person per year

1.27 tons * 2000lbs/ton = 2540 lbs. per person per year

2540lb /365 days in a year= about 7 lbs. per person per day

Of the 7 lbs. created per person each day in Nevada, only 2 lbs. are recycled, while 5 lbs. are buried in a landfill. This is based on Nevada’s 2012 recycling rate of 28.8%. One factor that raises Nevada’s per capita waste production is the large tourist population. EPA’s national calculations can be found at www.epa.gov/msw/. 

In this lesson you will be required to make various mathematical calculations related to per capita waste productions.  You will also create two different landfill columns that represent how trash was and is buried in landfills.  There are several environmental issues related to landfills including the flow of water through the system.  When water flows through a landfill it picks up toxic substances found in the waste.  Water causes the leachate, the toxic liquid that seeps from the trash in a landfill, to flow down through the landfill and may lead to groundwater contamination. This is significant because groundwater is commonly used as a drinking source in our communities.  Contaminated ground water can disrupt the ecosystem by poisoning plants and animals.  While older landfills do not have a protective layer in place, new landfills are required to line landfills, which helps protect the ground water from leachate.  New landfills today are lined with geotextile fabric, a specially designed fabric that allows moisture to pass through while filtering out soil.  It allows leachate that may filter through the soil layer to reach the gravel layer.  Piping within the gravel layer then pumps and removes the leachate for treatment.  Another issue that landfill managers face is vectors, or pests that are attracted to landfills and that spread disease.  Landfills must be covered daily to prevent odor and vectors.               
[bookmark: _Toc355353635]

Student:
Prior Knowledge or Life Experiences: Students may or may not have previous life experiences related to landfills.    
[bookmark: _Toc355353636]Materials List 
Each small group will need 1 prepackaged “Old Style Landfill” kit and 1 prepackaged “New Sanitary Landfill” kit.  The teacher will also use both kits to model for the students.  
Handy hint:  Consider asking students to bring soda bottles into class ahead of time and preparing them before the lesson.  
Each “Old Style Landfill” kit contains
1 two liter plastic soda bottle, with top cut off 
1 cup shredded paper
2 cup soil
1 one cup measuring cup (to be filled with water)
1 rubber band
2 cotton balls
2 inch nylon square
Each “New Sanitary Landfill” kit contains
1 cup shredded paper
1 cup small aquarium gravel
5 inch x 5 inch diameter circle of modeling clay
5 in diameter circle of a plastic trash bag
1 plastic straw
2 cups dirt
1 measuring cup (to be filled with water)
[bookmark: _Toc355353637]Engagement
Discuss what was thrown away during lunch (or breakfast).  Include the types of trash and the types of packaging.

Discuss with students the following leading questions:
-What happens to the trash after it goes in the lunch room garbage can?
-Who moves it?
-How does it get in the garbage truck?
-Where does the garbage truck take it?
-Where does it ultimately end up?

Show the flow chart (page 6) and have the students write down the correct answers on their handouts.
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Pass out the guided reading.  After guided reading as a group, answer the following questions from the student handout:

-How much trash is produced in Nevada per capita each day?
7 lbs. *see guided reading for calculations.

Show students how if 28.8% is recycled about 2 lbs. are recycled.  

(28.8%/100) * 7 lbs. = about 2 lbs.

-How many students are in this class? 

-How many people are in your city?  

You will need to identify your city’s population for your students’ calculations.  

Show an example on the board of how to mathematically calculate using per capita data.

Allow students time to do the mathematic calculations on their worksheets.  Students may need to use calculators.

[bookmark: _Toc355353638]Exploration
[bookmark: _Toc355353639]Old style landfills are composed of repeating layers of trash and soil (or possibly other alternative cover materials). Show students the layers of an “old style landfill” (page 8) and have them copy it down on their handout.
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Have the students assemble into small groups (a maximum of 6 groups) and pass out the “Old Style Landfill” kit.  

Assemble the model landfill

Show the students how the model will fit together.  
[image: ]TOP
MODEL


Students should model after the teacher.  Allow every group to complete each step before moving onto a new step.  

1. Place cotton balls in the neck of top.   Cover the cotton balls by attaching the nylon square with a rubber band. 
 [image: ] 		[image: ]

2. Add 1 cup of soil to the model.  This represents the ground.

3. Add shredded paper to the model.   This represents the MSW (municipal solid waste).

4. Add 1 cup of soil to the model. This represents the daily cover.  Discuss the reasons for daily landfill cover, including odor control, fire control, and vector control.  Vectors are any pests that are attracted to landfills that can spread disease.  Your model should look similar to this picture: 
[image: ]






5. Place the top upside down in the model as shown.  
[image: ]MODEL
TOP

6. Pour water into the landfill model.  The water passing through the cotton balls and nylon represents rainfall.

7. Discuss how the water can flow through the landfill.

8. Define leachate.  Connect leachate with the flow of water through the landfill.

9. Discuss and review the vocabulary words and concepts.
Explanation
Discuss problems associated with the old style landfill.
Ask students to brainstorm ways to improve the process.
Explain to students how science, technology, engineering, and math have allowed us to improve the way we use and manage landfills.  
One solution to prevent toxic leachate leaking into the ground water is to line the landfill.  Have students copy down definitions on their handouts of landfill liner, geotextile fabric, and a sanitary landfill.  
Allow students time to draw the structure of a sanitary landfill on their handout.  
[bookmark: _Toc355353640]
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                                                                                                  Elaboration
Empty out the old style landfill and dispose of the dirt outside.  Use the same bottles to model the new style landfill.  
[bookmark: _Toc355353641]Break the class into small groups.  Pass out one landfill kit in prefilled reusable grocery bags to each table or group. 

Student should model after the teacher.  After each step, allow time for all groups to complete that step before moving on to another step.  

1. Add 1 cup of soil to the model to represent the ground.
2. Add the modeling clay disk to the model.  When doing this, be sure to press the clay to the sides of the bottle to form a seal.  (This will be important later.)
3. Add the precut plastic circle to form the liner.  
4. Add the aquarium gravel. 
5. Add the plastic drinking straw to the model.  Explain that pipes are included in this layer for collection and treatment of leachate.
6. Add the precut circle of the material representing the geotextile fabric.
7. Add a layer of soil to the model.
8. Compare the anatomies of the two types of landfills up to this point.
9. Add water to the model.  Pouring water into the landfill model illustrates the concept of leachate recovery.  
In a sanitary landfill, the liner structure is designed to trap leachate and prevent it from seeping into the groundwater.  In the model, the clay disk should prevent the water from flowing through the landfill.  

Evaluation
Students should finish their handouts and answer the questions:
-What are the benefits of using a sanitary landfill?
-Why is it important to prevent leachate from getting into the groundwater?

Handouts should be collected, graded, and returned to students to be recycled.
Pass out homework.  Homework requires use of a computer.  If students do not have access to a computer at home, this assignment can be done during assigned computer time.      
[bookmark: _Toc355353644]Clean-up  
Students are responsible for cleaning up their tables and the area around them.  The plastic bottles can be rinsed out and saved for Lesson 4: Composting or recycled.
[bookmark: _Toc355353645]Closure 
Students understand that humans impact the environment but that communities can use science to protect Earth’s resources and the environment.  Students understand how science has helped to improve the way we manage and use landfills.
[bookmark: _Toc355353647]Management Strategy

Lecture
This strategy is effective for all levels of learners.
During the lecture, an alternative may be to use the overhead or ELMO (use student worksheet as a transparency) 	

Worksheets
Worksheets are provided to guide the students through the lesson.  The lead teacher may prefer the students to take their own notes.
For below level learners and special ed, the teacher may consider having the worksheets filled out for these students.  This would be done before class by the teacher or by having an advanced student help.

Group Make-up
Groups should be selected by the lead classroom teacher.  The groups should be heterogeneous and learners of all levels should be included.

Group Discovery
The group work is effective for all levels of learners.












Vocabulary


Municipal Solid Waste (MSW): Trash (or garbage) generated by people and industry

Landfill: A place where our MSW is buried.  There are many different types of landfills, but they all bury trash

Transfer station:  A place where MSW is collected prior to going to a landfill.  The city collection trucks take the waste to the transfer station to unload.  The MSW is then reloaded onto a larger truck and sent to a landfill

Per capita: Per person

Leachate: The toxic liquid that seeps from the trash in a landfill.  It is a potential groundwater contaminant

Vector: Any animal of pest attracted to the garbage in the landfills and that spreads disease

Groundwater:  The water that is under the ground.  This water is commonly used as a drinking water source.  It is important in this context due to the possible contamination by leachate

Old Style Landfill:  A landfill that does not have a liner system

Landfill liner: A system of physical barriers in a landfill designed to prevent toxic leachate from reaching the ground water

Geotextile fabric: A fabric used within a liner system to prevent large particles of soil and municipal solid waste from entering the leachate recovery system

Sanitary Landfill: A landfill that has a liner system
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Name____________________________________

1. What happens to trash after it goes in the garbage can? ________________________________________________________________________________________________________________________________________________
2. Who moves it? ________________________________________________________________________________________________________________________________________________
3. How does it get in the garbage truck? ________________________________________________________________________________________________________________________________________________
4. Where does the garbage truck take it? ________________________________________________________________________________________________________________________________________________
5. Where does it ultimately end up? ________________________________________________________________________________________________________________________________________________



















Name____________________________________

The Calculations:

How much trash is produced in Nevada per capita each day? _____________________

How many students are in your class? __________________________________________

How many people are in your city?  ____________________________________________

You may use a calculator to solve the following problems but must write out every equation. 

Calculate the waste produced by the students in this class each day.  Round your answer to the nearest whole number.







Calculate the waste produced by the people in your city each day. Round your answer to the nearest whole number.










Calculate the waste produced by the people city each week. Round your answer to the nearest whole number.






Name____________________________________


Calculate the waste produced by the people in your city each month. Round your answer to the nearest whole number.














Calculate the waste produced by the people in city each year.
Round your answer to the nearest whole number.
























Name____________________________________

Old Style Vocabulary:

Municipal Solid Waste: ____________________________________________________________________________________________________________________________________________________________
Landfill:
____________________________________________________________________________________________________________________________________________________________
Transfer Station:
__________________________________________________________________________________________________________________________________________________________
Per Capita: ______________________________________________________________________________
Leachate:
____________________________________________________________________________________________________________________________________________________________
Vector: 
____________________________________________________________________________________________________________________________________________________________
Groundwater: ______________________________________________________________________________

_____________________________________________________________________________

Please draw the structure of an Old Style Land fill.









Name____________________________________


New Sanitary Landfill Vocabulary:

Landfill Liner: 
____________________________________________________________________________________________________________________________________________________________
Geotextile Fabric:
____________________________________________________________________________________________________________________________________________________________
Sanitary Landfill: ____________________________________________________________________________________________________________________________________________________________

Please draw the structure of a sanitary landfill.






















Name____________________________________


What are the benefits of using a sanitary landfill?

__________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

Why is it important to prevent leachate from getting into the groundwater?

__________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________








Homework						Name_____________________________

On a computer that has access to the internet, please visit 
http://www.epa.gov/recyclecity/mainmap.htm.  

Find the landfill within the city.  Use the information you find to answer the following questions on a separate sheet of paper.
[bookmark: _GoBack]
1. When Recycle City was called Dumptown, the Old Landfill was used.  What was put in the landfill?
2. What happened when poisonous liquids (caused by the trash) seeped into the soil?
3. When Dumptown became Recycle City, how did the government fix the groundwater problem?
4. When Recycle City set up the New Landfill, they also set up a Materials Recovery Facility.  What does this facility do?
5. Besides the reduction of waste, what is the biggest difference between the Old Landfill and the New Landfill?
6. Describe each of the five layers in a landfill liner.
7. Which landfill is better for the environment? Why?

	

	























Homework – KEY 

1.  When Recycle City was called Dumptown, the Old Landfill was used.  What was put in the landfill?
	Everything.  All waste was put in the same “hole” in the ground.

2.  What happened when poisonous liquids (caused by the trash) seeped into the soil?
	The groundwater became contaminated.

3.  When Dumptown became Recycle City, how did the government fix the groundwater problem?
	They built a “Pump-and-Treat” plant to filter and purify the water.

4.  When Recycle City set up its New Landfill, they also set up a Materials Recovery Facility.  What does this facility do?
	A Materials Recovery Facility removes the reusable and recyclable materials from the trash.  In addition to promoting recycling, it reduces the amount of waste that ends up in the landfill.

5.   Besides the reduction of waste, what is the biggest difference between the Old Landfill and the New Landfill?
	The New Landfill uses a liner system to prevent contaminated water (leachate) from seeping into the earth and groundwater.

6.  Please describe each of the five layers in a landfill liner.
	
Layer 1 – the bottom is composed of at least two feet of clay.  
Layer 2 – a sheet of strong, flexible, thick plastic is placed over the clay.  
Layer 3 – gravel that contains pipes to collect leachate.  
Layer 4 – geotextile fabric to protect the pipes.  
Layer 5 –soil is placed on top to protect the liner from the waste.

7.  Which landfill is better for the environment?  Why?
	The New Landfill is better for the environment.  The structure calls for a liner system that keeps the hazardous materials from touching the earth.  The liner also keeps the leachate from entering the groundwater that may be used for human consumption.   The landfill contains less waste because reusable and recyclable materials have been removed.
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