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OVERVIEW
This is a fifth grade science unit designed to make students aware of the major environmental threats facing the Earth such as water pollution, air pollution, acid rain, global warming, and ozone depletion.  The unit and culminating experience were completed in approximately four weeks in the late fall/early winter.  During the culminating experience, students tested the pH of four major waterways that are located in our district.  They made graphs of the results using Microsoft Excel, and wrote letters to government representatives at both the federal and state level to report their results and express their concerns about acid rain.  Several months later we did a one-week follow-up project in cooperation with the St. Lawrence Aquarium and Ecological Center in Massena.  This project involved taking a field trip to the Oswegatchie River where students netted and counted several species of aquatic insects.  Based on our findings, we were able to calculate EPT values and draw conclusions about the impact that acid rain is having on the Oswegatchie River and its ability to sustain aquatic life.

CONTENT KNOWLEDGE 

	Declarative 
	Procedural 

	 Vocabulary: pollution, surface water, ground water, point source pollution, non-point source pollution, acid rain, greenhouse effect, global warming, ozone layer, deforestation.
	 Testing the acidity of a liquid using pH paper.

	70% of the Earth’s surface is covered with water, but very little of it is available for human use.  97% of the water on Earth is salt water, and only 3% is freshwater.  More than ¾ of this freshwater is frozen, either in glaciers or the polar ice caps.  This means that less than 1% of all water on Earth is available for human use.  
	 Creating spreadsheets and graphs using Microsoft Excel.

	Only 4% of the usable fresh water on Earth is located in lakes, rivers, and ponds on the Earth’s surface.  96% of it is groundwater, which is water stored under the ground.
	 Writing a friendly letter.

	Since only 1% of the water on Earth is freshwater that is available for use, the fact that this water is becoming more and more polluted is a very serious problem.  Water pollution from only one source is called point source pollution, and from many different sources is called non-point source pollution.  Non-point source pollution is much more difficult to control.
	 Using field guides to identify species of insects.

	The main source of water pollution today is toxic chemicals from factories, farms, town and cities, and even homes.  Governments can help by passing stronger laws to prevent water pollution.  Individuals can help by getting rid of waste products in the correct way and by not wasting the clean water that we do have.
	 Calculating an EPT value for a river or stream.

	Some air pollution comes from natural sources such as forest fires, erupting volcanoes, and pollen, but most of it comes from humans.
	 

	Most air pollution comes from the burning of fossil fuels, such as coal, oil, gasoline, propane, and diesel fuel.  When fossil fuels are burned, carbon dioxide is released into the air.
	 

	Half of all air pollution comes from cars and other motor vehicles.  One fourth comes from factories and power plants that burn coal and oil.
	 

	The most serious air pollution problem facing our part of New York State is acid rain.  Acid rain is precipitation that contains more acid than normal. 
	 

	Acid rain is caused by air pollution.  Factory smokestacks in the mid-western United States release chemicals into the air.  These chemicals rise up into the clouds, where they mix with drops of water to form nitric and sulfuric acid.  The prevailing winds blow these clouds eastward over New York, where the acids fall as acid rain.
	 

	When acid rain falls into lakes and ponds it causes water pollution, which kills the plants, insects, fish, and other animals that live there.
	 

	The greenhouse effect is a natural process that occurs high up in the Earth’s atmosphere.  Gases in the atmosphere allow sunlight to pass through to the surface of the Earth, but then trap the heat so it cannot escape.  Without the greenhouse effect, the Earth would be too cold to sustain life.
	 

	Global warming is the gradual increase that is occurring in the temperature of the Earth’s atmosphere.  Global warming is the most serious environmental problem facing the Earth.
	 

	Global warming is caused by air pollution, specifically the burning of fossil fuels.  Burning fossil fuels releases carbon dioxide into the atmosphere.  The excessive amounts of carbon dioxide trap too much heat inside the atmosphere.  The more carbon dioxide in the atmosphere, the warmer the Earth’s temperatures will be.
	 

	Possible effects of global warming are loss of good farmland due to draught and desertification, and increased numbers and power of hurricanes and other storms.  Global warming may also cause the polar ice caps and glaciers to melt, resulting in a rise in sea levels and coastal flooding.
	 

	The Earth’s atmosphere contains a layer of gas called ozone.  The ozone layer is important because it blocks the harmful rays from the sun from reaching Earth.
	 

	There is a hole in the Earth’s ozone layer directly above the South Pole.  The hole is more than twice the size of the United States. 
	 

	The ozone hole is caused by a group of chemicals called CFC’s.  CFC’s are found in air conditioners, refrigerators, and aerosol spray cans.  They are released into the atmosphere when used and break down the ozone layer.
	 

	 Less ozone means more harmful rays reaching the surface of the Earth.  This could result in increased levels of sunburn, eye damage, and cancer.
	 


ESSENTIAL QUESTIONS
1. What is the acidity (pH) of the precipitation that falls in our school district?

2. What is the acidity (pH) of the major rivers, lakes, and ponds of our school district?

3. Is acid rain having a negative impact on the ability of the Oswegatchie River to sustain aquatic life?

CONNECTIONS TO NYS LEARNING STANDARDS 
Intermediate Level Science Core Curriculum Grades 5-8: Standard 4: The Living Environment.

Key Idea 7: Human decisions and activities have had a profound impact on the physical and living environment.

Performance Indicator 7.1e: The environment may contain dangerous levels of substances (pollutants) that are harmful to organisms.  Therefore, the good health of environments and individuals requires the monitoring of soil, air, and water, and taking steps to keep them safe.

English and Language Arts Standard 2: Language for Literary Response and Expression.

Key Idea 3: Speaking and writing for literary response involves presenting interpretation, analyses, and reactions to the content and language of a text.  Speaking and writing for literary expression involves producing imaginative texts that use language and text structures that are inventive and often multi-layered.

Performance Indicator: Students observe basic writing conventions, such as correct spelling, punctuation, and capitalization, as well as sentence and paragraph structures appropriate to written forms.

INITIATING ACTIVITY
 KWL chart for acid rain, and video entitled “The Earth at Risk Environmental Series: Acid Rain.”  This video is produced by Schlessinger Video Productions, is designed for 5-12 grades, and is 30 minutes long.   First, students fill out the “K” and “W” columns of a KWL chart.  Students will then watch the video.  As students watch the video, they listen for new information and record it in the “L” column of their KWL chart.

LEARNING EXPERIENCES
**Days 1-12 = teaching of declarative knowledge for unit**

Day 1: 
Initiating activity described above, including a KWL chart and video about acid rain.

Day 2: 
“Water on Earth.”  Notes given in lecture format.

Day 3:
“Water Pollution.”  Notes given in lecture format.

Day 4:
“Cleaning Up Water.”  Notes given in lecture format.

Day 5:
“Air Pollution.”  Notes given in lecture format.

Day 6:
“Acid Rain.”  Notes given in lecture format.

Day 7:
“The Greenhouse Effect and Global Warming.”  Notes given in lecture format.

Day 8:
“The Ozone Hole.”  Notes given in lecture format.

Day 9:
Students work in collaborative pairs to complete graphic organizer (Venn Diagram) comparing and contrasting acid rain, global warming, and ozone depletion.

Day 10: Students make “Earth Day Posters” to display around the school.  The class works together to brainstorm a list of issues that are threatening the Earth.  Students are divided into collaborative pairs.  Each pair is assigned a topic, and they work together to create a poster showing the problems and solutions for the issue.  Posters are graded using a teacher-designed rubric.

Day 11: Review for test by playing “Pollution Jeopardy!”

Day 12: Test on vocabulary and major concepts.

**Days 13-18 = Culminating Experience **

Day 13: Start of culminating experience (MUT) designed to answer the first two essential questions for this unit – what is the acidity level of the precipitation in our district, and what is the acidity level of the rivers and lakes in our district.  Teacher instructs students on how to use pH paper to measure the acidity of a liquid.  Students take note on pH ranges for acid, neutral, and base.  Students are divided into six groups with 3-4 students in each group.  Six stations are set up around the room.  Students rotate through the stations, and use pH paper to test the acidity of a different liquid at each station.  Liquids to be tested are distilled water, vinegar, lemon juice, soda, orange juice, and tomato juice.  Students use a teacher-created graphic organizer to record the results of each test.  The class re-convened briefly at the end of the period to discuss results and draw conclusions.

Day 14: Students work in the same groups as the previous day, and again rotate through six different stations.  Today they use pH paper to test the pH of water collected from a variety of sources in our school district.  They include the Oswegatchie River, the Grasse River, Trout Lake, a swamp in the town of Clare, actual precipitation (snow), and tap water.  Students again used a teacher-created graphic organizer to record their results, and re-convened briefly at the end of the period to discuss results and draw conclusions.

Day 15:  Class went to computer lab and learned how to create spreadsheets and graphs using Microsoft Excel.

Day 16: Class went to computer lab for a second day.  The groups worked together to create spreadsheets and graphs showing the results of their acidity tests.

Day 17: Each group is assigned a government representative from either the federal or state level.  Each individual student will write a letter to this official describing our project, the results, and their concerns regarding acid rain.  Today students begin working on the rough draft of this letter.

Day 18: Students edit the rough draft of their letter and begin work on final copy.  Final copy is finished for homework.

Day 19: Students prepare envelopes to mail to their government representatives.  Each envelope includes a letter from each individual in the group and the graph of pH test results made in Microsoft Excel.

**Days 19-24 = Follow up learning experience done several months later.**

In this learning experience, students use inductive reasoning to answer the third essential question for the unit – is acid rain having a negative impact on the Oswegatchie River and its ability to sustain aquatic life?  The experience involved a field trip to the Oswegatchie River, and was planned and implemented with the cooperation and resources of Pat Burdick from the St. Lawrence Aquarium and Ecological Center in Massena.  

The extending and refining process used in this activity is inductive reasoning, which is the process of making general conclusions from specific information or observations.

Steps in the Inductive Reasoning process:

1. What is the question we want to answer?  

Is acid rain having a negative impact on the ability of the Oswegatchie River to sustain aquatic life?

2. What specific information do we have?

a. We know the pH of the water at that site of the Oswegatchie River because we tested it earlier in the unit.  

b. We have charts that list several different species of aquatic macroinvertebrates (including caddisflies, stoneflies, and mayflies) and the pH range that they can tolerate.

c. We can do a population count of the macroinvertebrates present at our site, with special emphasis on caddisflies, stoneflies, and mayflies.  Macroinvertebrates are small but visible animals without backbones.  They can live only in very clean, unpolluted water and cannot tolerate even small levels of pollution.  As a result, they can serve as indicator species indicating pollution or absence of pollution in a river.  We will use our results to calculate an EPT value for the site.  The EPT value is the total number of different species of caddisflies, stoneflies, and mayflies collected.

3. What predictions can we make? 

The class viewed charts listing several different species of aquatic animals and the pH ranges they are able to tolerate.  Based the pH results obtained in our culminating activity, students made predictions about what types and numbers of species they expect to find on our field trip to the Oswegatchie River.

4. What connections or patterns can I find?

Students went on a field trip to the Oswegatchie River where Pat Burdick from the St. Lawrence Aquarium and Ecological Center assisted them in netting and identifying aquatic insects.  Students recorded the names and numbers of each species found.  Although we counted all macroinvertebrates, we were especially interested in finding the aquatic larva of mayflies, stoneflies, and caddisflies.  These three species are commonly used as indicator species, as they are very sensitive to pH, pollution, and other environmental conditions.  Our goal was to find at least 100 individual insects so we could calculate an EPT value for that particular site.   The EPT value will tell us whether the river is not impacted, slightly impacted, moderately impacted, or severely impacted by pollution.

5.
What are my conclusions?

Students used the data they collected to calculate the EPT value of the Oswegatchie River at the site we visited.  EPT values are used to determine the overall health of a river or stream.  Out of a sample of 100 macroinverebrates collected, students counted how many were species of mayflies, stoneflies, or caddisflies.  Students then used the EPT calculation to draw conclusions about the health of the Oswegatchie River.  An EPT value greater than 10 indicates a healthy river not impacted by pollution.  6-10 indicates a river slightly impacted by pollution.  2-5 indicates moderately impacted, and 0-1 indicates severely impacted.  Students then worked in collaborative groups to make posters detailing each step of this project for display at the St. Lawrence Aquarium and Ecological Center in Massena.

 

CULMINATING PERFORMANCE 

 The culminating experience for this unit was designed to answer the first two essential questions for this unit: What is the acidity level of the precipitation that falls in our district, and what is the acidity level of actual waterways that are located in our district?  The culminating experience consisted of four major parts:

Part 1: pH Investigation

Students were divided into groups with 3-4 students in each group.  Six stations were set up around the room, and the groups rotated until each group had visited each station.  At each station, the groups used pH paper to test the level of acidity of a water sample collected locally.  The samples included the Grasse River, the Oswegatchie River, Trout Lake, a swamp in the town of Clare, snow (precipitation), and tap water.  They used a teacher-made graphic organizer to record their results.

Part 2: Graph 

In the computer lab, each group produced a spreadsheet and graph of the pH test results using Microsoft Word.

Part 3: Written Letter

Each group was assigned a different government representative, from either the federal or state level.  Students worked individually to write letters to their assigned representative explaining our project, the results, and their concerns about acid rain.  They also sent copies of the graphs that they had produced on the computer.

Part 4: Group Participation

At the end of the project, students rated all members in their group (including themselves) on a scale of 1-4 in terms of group participation (see rubric below).  The responses of fellow group members were combined, resulting in a group participation grade for each student.

Rubric for Final Project on Acid Rain

Part 1: pH Investigation (20 Points)

(5 points)
Correctly identified the question to be investigated.

(5 points)
Correctly identified the criteria for classifying a liquid as acid, neutral, or base.

(10 points)
Correctly measured the pH of six local water samples.


Possible Points for Part 1 = 20


Points Earned = ____________
Part 2: Graph (20 points)

(5 points)
Correctly listed and spelled the name of each sample.

(5 points) 
Correctly listed the pH of each sample.

(5 points) 
Wrote and capitalized title of axes.

(5 points)
Wrote and capitalized title of graph.


Possible Points for Part 2 = 20


Points Earned = ___________

Part 3: Written Letter (50 points)

(20 points)
Correctly divided into 5 paragraphs that introduced self, explain the investigation, explained the pH scale, listed our results, and told what should be done about acid rain.

(15 points)
Sentence Structure – Complete sentences, no run-on sentences or sentence fragments.

(15 points)
Spelling, capitalization, punctuation.


Possible Points for Part 3 = 50


Points Earned = ___________

Part 4: Group Participation (10 points)

(+ 10 points)
Participates and cooperates fully, does not disrupt, does his/her share or more.

(+5 points)
Cooperates fully, does not disrupt, does not do his/her share.

(-5 points)
Occasionally non-cooperative or disruptive.

(-10 points)
Does not cooperate, often disruptive.


Points Possible for Part 4 =10


Points Earned = ___________

Final Grade: (Points earned for Part1 + Part 2 + Part 3 + Part 4)


Points Possible for Final Grade = 100


Points Earned = ________________
PRE-REQUISITE SKILLS
 Students must be able to read, write, and work cooperatively with other students in order to participate in this unit.

 

MODIFICATIONS
 This unit was taught to a class of 21, which included 5 special education students.  During lecture situations, these students were given cloze-form notes and were required to fill in the blanks as the teacher did so on the overhead projector.  This enabled the students to focus their attention on the information being presented, instead of the note-taking process.  During the extending/refining activities and the culminating performance, students worked in collaborative pairs that were assigned by the teacher.  The special education students also received additional support with review, homework, test preparation, and the culminating performance during their scheduled period of resource time.

This unit lends itself well to a wide variety of follow-up activities and investigations.  Possible topics include checking the pH and EPT values at our site on the Oswegatchie River every year, testing the pH and EPT values at other locations both up and down the Oswegatchie River, exchanging data with other schools who have done similar tests, testing the pH of the river during different seasons and when the water is at different temperatures, and testing the pH of local well water.

UNIT SCHEDULE/TIME PLAN
 This unit took a total of 5 weeks to complete.  The unit and culminating experience were completed in a 4 week period in late November/early December.  A one week follow-up project was done in early May.

 

TECHNOLOGY USE
 Students used Microsoft Excel to create spreadsheets and graphs using the data they gathered during the culminating experience.  The students were taught how to use Microsoft Excel as part of this unit; they did not have any prior experience with it.  A digital camera was also used.

 

