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How Acidic is
Your Lake?

	Lead Staff Member 
	Time Allotment 

	Dan Shepardson and Ted Leuenberger
	Approximately 2 hours depending on the number of trials.


Overview

	This activity is a simulation of the potential impact of acid rain (wet deposition) on the acidity of lakes.  Student’s will investigate: 1) the effect of acid rain on the pH of lakes and 2) the neutralization effect of soil on acid rain.  Students should have an understanding of acid, base, buffer, and pH before completing this investigation.   This lesson is a modification of an activity developed by Hocking, Barber, & Coonrod (1990).


Instructional Cluster

	· Sense of Purpose
	(  Eliciting Ideas
	(   Engaging Learners 

	The investigation introduces students to acid rain.  The questions guiding the investigation:

· Does acid rain that falls directly on a lake increase the pH level of a lake?

· Does the soil surrounding a lake reduce the pH level of the rain that flows into the lake?
	Student ideas are elicited through discussion and the analysis of NADP data.
	Students conduct the investigation by simulating rainfall on both the lake’s surface and surrounding soil.  Students take pH readings, collecting data to answer the guiding questions.

	· Developing and Using  

Scientific Ideas 
	· Reflecting on Ideas   and Experiences 
	(   Assessing Progress  

	Students present their data and compare and contrast their results to that of other students.  Discussion questions are used to promote students analysis of the class data
	Students reflect back on the activity by addressing the following question: How does this activity simulate the effects of acid rain on lakes?
	


	Objectives

· Acid rain may impact the pH of lakes.

· Alkaline soils have the potential to neutralize acid rain that percolates into lakes.

· Acid rain has an accumulation effect on the pH of lakes.


	Materials

	
	Distilled/tap water for rain and lake

Potting soil for standard soil conditions

Marble or Limestone chips to mix with soil to simulate an alkaline soil

Vinegar for making acid rain

2-liter bottle for each setup to simulate groundwater flow into the lake (If possible substitute 3-liter plastic bottles and adjust procedures accordingly)

Styrofoam cups or the base of the 2-liter bottle to simulate the lake

Coffee filters

pH strips/indicator/probe for measuring rain and lake pH

Beakers and eyedroppers

	
	Safety Issues/Precautions  

	· 
	


	Background 

This activity simulates the potential impact of acid rain (wet deposition) on the acidity of lake water. As rain falls on the Earth it falls directly on lakes and on the soil surrounding each lake.  Rain that falls directly on the lake may affect the pH of the lake water.  Rain that falls on the soil surrounding the lake percolates into the soil and flows through the soil substrate toward the lake.  The pH of the rainwater that percolates through the soil substrate may be affected by the chemical composition of the soil, which in turn may influence the pH of the lake water.  This activity simulates the potential impact of direct acid deposition, through rainfall, on the pH of a lake and the impact of rainfall that percolates into the lake through the surrounding substrate.

	

	Procedure

Making the soil and acid rain

Acid rain: In a large container mix three parts of distilled/tap water to one part vinegar.  Label the container acid rain.

Normal rain: Fill a large container with distilled/tap water.  Label the container normal rain

Standard Soil: Untreated potting soil. 

Alkaline soil: In a large container mix marble or limestone chips in potting soil. 

Lake: Fill a large container with distilled/tap water.  Label the container lake water.

Making the groundwater flow model

Cut the base of a 2-liter plastic bottle off about 4 1/2 inches from the bottom.  The upper portion of the bottle, when inverted, serves as the groundwater flow model.  The base portion serves as the lake.

Setting Up the Stations (Groundwater models and lakes)

Each group of students will be investigating different aspects (variables) of acid deposition and its potential impact on lakes.  For large classes duplicate the setups as a means for repeating the measurements or verifying the results.  For each setup or group of students:

Setup 1: Standard Soil, Acidic Rain (Lake 1) 

1. Place the coffee filter inside the 2-liter bottle covering the opening preventing the potting soil from falling through the opening.

2. Fill the bottle with 4 inches of potting soil.

3. Provide 2 plastic bases, one for the lake water and the other to catch the water flowing from the groundwater model.

4. Place the bottle with the potting soil over the top of the base.

Setup 2: Alkaline Soil, Acidic Rain (Lake 2)

1. Place the coffee filter inside the 2-liter bottle covering the opening preventing the potting soil from falling through the opening.

2. Fill the bottle with 4 inches of potting soil.  Place about a 1 inch layer of marble and/or limestone chips in the middle of the potting soil.  The marble/limestone chips simulate an alkaline soil.

3. Provide 2 plastic bases, one for the lake water and the other to catch the water flowing from the groundwater model.

4. Place the bottle with the alkaline soil over the top of the base.

Setup 3: Standard Soil, Normal Rain (Lake 3)

1. Place the coffee filter inside the 2-liter bottle covering the opening preventing the potting soil from falling through the opening.

2. Fill the bottle with 4 inches of potting soil.

3. Provide 2 plastic bases, one for the lake water and the other to catch the water flowing from the groundwater model.

4. Place the bottle with the potting soil over the top of the base.

Setup 4: Alkaline Soil, Normal Rain (Lake 4)

1. Place the coffee filter inside the 2-liter bottle covering the opening preventing the potting soil from falling through the opening.

2. Fill the bottle with 4 inches of potting soil.  Place about a 1 inch layer of marble and/or limestone chips in the middle of the potting soil.  The marble/limestone chips simulate an alkaline soil.

3. Provide 2 plastic bases, one for the lake water and the other to catch the water flowing from the groundwater model.

4. Place the bottle with the alkaline soil over the top of the base.

Student Procedures

Lake 1

1. Obtain the groundwater model for Lake 1.

2. Obtain 2 plastic bases fill one with 100 ml of lake water (the lake), measure the pH of the lake.  The other base will catch the water flowing from the groundwater model.

3. Place the groundwater model over the top of the base so that the water percolates through the groundwater model and drains into the base.

4. Obtain 200 ml of acid rain and measure the pH.

5. Pour 1 ml of acid rain into the lake and measure the pH of the lake.

6. Pour 200 ml of acid rain on top of the potting soil and wait for the rain to percolate through to the base.  After 1-5 ml of water has percolated into the base, measure the pH of the water (groundwater).  Next add 1 ml of groundwater to the lake and measure the pH of the lake.

7. Compare the pH of the rain, lake, lake and rain, groundwater, and lake, groundwater, and rain.

8. To repeat the process, repeat steps 4-7.  Repeat the process the number of times instructed.

Lake 2

1. Obtain the groundwater model for Lake 2.

2. Obtain 2 plastic bases.  Fill one with 100 ml of lake water (the lake), measure the pH of the lake.  The other base will catch the water flowing from the groundwater model.

3. Place the groundwater model over the top of the base so that the water percolates through the groundwater model and drains into the base.

4. Obtain 200 ml of acid rain and measure the pH.

5. Pour 1 ml of acid rain into the lake and measure the pH of the lake.

6. Pour 200 ml of acid rain on top of the potting soil and wait for the rain to percolate through to the base.  After 1-5 ml of water has percolated into the base, measure the pH of the water (groundwater).  Next add 1 ml of groundwater to the lake and measure the pH of the lake.

7. Compare the pH of the rain, lake, lake and rain, groundwater, and lake, groundwater, and rain.

8. To repeat the process, repeat steps 4-7.  Repeat the process the number of times instructed.

Lake 3

1. Obtain the groundwater model for Lake 3.

2. Obtain 2 plastic bases fill one with 100 ml of lake water (the lake), measure the pH of the lake.  The other base will catch the water flowing from the groundwater model.

3. Place the groundwater model over the top of the base so that the water percolates through the groundwater model and drains into the base.

4. Obtain 200 ml of normal rain and measure the pH.

5. Pour 1 ml of normal rain into the lake and measure the pH of the lake.

6. Pour 200 ml of normal rain on top of the potting soil and wait for the rain to percolate through to the base.  After 1-5 ml of water has percolated into the base, measure the pH of the water (groundwater).  Next add 1 ml of groundwater to the lake and measure the pH of the lake.

7. Compare the pH of the rain, lake, lake and rain, groundwater, and lake, groundwater, and rain.

8. To repeat the process, repeat steps 4-7.  Repeat the process the number of times instructed.

Lake 4

1. Obtain the groundwater model for Lake 4.

2. Obtain 2 plastic bases fill one with 100 ml of lake water (the lake), measure the pH of the lake.  The other base will catch the water flowing from the groundwater model.

3. Place the groundwater model over the top of the base so that the water percolates through the groundwater model and drains into the base.

4. Obtain 200 ml of normal rain and measure the pH.

5. Pour 1 ml of normal rain into the lake and measure the pH of the lake.

6. Pour 200 ml of normal rain on top of the potting soil and wait for the rain to percolate through to the base.  After 1-5 ml of water has percolated into the base, measure the pH of the water (groundwater).  Next add 1 ml of groundwater to the lake and measure the pH of the lake.

7. Compare the pH of the rain, lake, lake and rain, groundwater, and lake, groundwater, and rain.

8. To repeat the process, repeat steps 4-7.  Repeat the process the number of times instructed.

Teaching the Lesson

1. Introduce the investigation by asking students to write responses to the following questions (this engages and elicits students’ ideas): 

· Have you ever heard of acid rain?

· What factors do you think cause acid rain?

· How do you think acid rain effects the environment?

· Where in the United States do you think acid rain is a problem?

· What is the pH of normal rain, acid rain?

· Do you think the time of year affects the pH of rain?

Inform students that:

· Rain is normally slightly acidic, pH between 5.6-6.0.

· Rain with a pH below 5.6 is considered acid rain

· Sulfuric and nitric acid account for most of the acid rain

· The source of sulfuric and nitric acid in rain is the burning of fossil fuels

· Sulfuric acid mostly results from the burning of coal

· Nitric acid mostly results from the combustion of gasoline (automobiles)

2.  Showing the pH of rain overhead (from NADP, http://nadp.sws.uiuc.edu).  Explain to students that the National Atmospheric Deposition Program (NADP) collects and analyzes rain samples from across the country.  Ask:

· What patterns do they observe in the pH of rain?

· What parts of the country have the lowest pH? Highest pH?

· What might cause these patterns in the pH of rain?

· How might the rain affect the environment?

· Based on the acidity of normal rain, what parts of the country might have an acid rain problem?  What is the evidence?

3.  Ask students how they think acid rain would affect a lake.  List students’ ideas on the board.  Next indicate that the students will be conducting a simulation to determine the possible effects of acid rain on a lake.  Ask students what a simulation is.  Ask:

· Does all of the rain fall directly on the lake?

· Where does the rain go that falls on the soil surrounding the lake?

4.  State the investigation question to the students: 

· Does acid rain (or normal rain) that falls directly on a lake change the pH of the lake?

· Does the soil surrounding a lake affect the pH of the rain that flows into the lake?

· Does the groundwater that flows into the lake affect the lake’s pH?

5.  Explain the simulation and procedures to the students.  Have students either collect samples from different lakes or run multiple trials.  We suggest multiple trials.

6.  Have students record their results on the board and compare and contrast the data.  Discussion questions:

· Does acid rain affect the pH of a lake?

· How does the soil surrounding the lake affect the pH of the rain flowing into the lake?

· Do all soils affect the pH of rain the same?

· Do some soils buffer or neutralize the acid rain?

· How does the acidity of the lake change over time?

· How might the increase in the pH of the lake’s water affect the plants and animals that live in the lake?

· Do you think acid rain is a problem we need to be concerned about?

· How might we reduce the acidity of rain?

· How does this activity simulate the effects of acid rain on lakes?




Sample Data Collection Sheets

Guiding questions to be answered based on data from the simulation:

1.  Does acid rain (or normal rain) that falls directly on a lake change the lake’s pH?

2.  Does the soil surrounding a lake affect the pH of the rain that flows into the lake?

3.  Does the groundwater that flows into the lake change the lake’s pH?

Prediction and explanation:

Trial: _______________

	Setup
	pH of rain
	pH of lake
	pH of groundwater
	pH of lake and rain
	pH of lake, groundwater and rain

	Lake 1
	
	
	
	
	

	Lake 2
	
	
	
	
	

	Lake 3
	
	
	
	
	

	Lake 4
	
	
	
	
	


Setup: _______________

	Trial


	pH of rain
	pH of lake
	pH of groundwater
	pH of lake and rain
	pH of lake, groundwater and rain

	1
	
	
	
	
	

	2
	
	
	
	
	

	3
	
	
	
	
	

	4
	
	
	
	
	


Our interpretation of the simulation data.  What we found out:

How the simulation data supports our answers to the guiding questions:

How the simulation data compares to our initial predictions:

	National Research Council Science Education Standards




Professional Development

	Professional Development Standard A  Professional development for teachers of science requires learning essential science content through the perspectives and methods of inquiry.

· Address issues, events, problems, or topics significant in science and of interest to participants.

· Introduce teachers to scientific literature, media, and technological resources that expand their science knowledge and their ability to access further knowledge.

Professional Development Standard B  Professional development for teachers of science requires integrating knowledge of science, learning, pedagogy, and students; it also requires applying that knowledge to science teaching.

· Address teachers’ needs as learners and build on their current knowledge of science content, teaching, and learning.

· Use inquiry, reflection, interpretation of research, modeling, and guided practice to build understanding and skill in science teaching.

Professional Development Standard C  Professional development for teachers of science requires building understanding and ability for lifelong learning.

· Provide regular, frequent opportunities for individual and collegial examination and reflection on classroom and institutional practice.



Teaching  

	Teaching Standard A  Teachers of science plan an inquiry-based science program for their students.

· Select science content and adapt and design curricula to meet the interests, knowledge, understanding, abilities, and experiences of students. 
Teaching Standard B  Teachers of science guide and facilitate learning. 

· Focus and support inquiries while interacting with students. 

· Orchestrate discourse among students about scientific ideas. 

· Challenge students to accept and share responsibility for their own learning.  

Teaching Standard D  Teachers of science design and manage learning environments that provide students with the time, space, and resources needed for learning science. 

· Structure the time available so that students are able to engage in extended investigations. 

· Create a setting for student work that is flexible and supportive of science inquiry. 

· Make the available science tools, materials, media, and technological resources accessible to students.

Teaching Standard E  Teachers of science develop communities of science learners that reflect the intellectual rigor of scientific inquiry and the attitudes and social values conducive to science learning. 

· Nurture collaboration among students. 




Inquiry 

	Identify questions that can be answered through scientific investigations.

Use appropriate tools and techniques to gather, analyze, and interpret data.

Develop descriptions, explanations, predictions, and models using evidence.

Think critically and logically to make the relationships between evidence and explanations.

Recognize and analyze alternative explanations and predictions.

Communicate scientific procedures and explanations.




Content 

	Content Standard D  Earth and Space Science 

· As a result of their activities in grades 5-8, all students should develop an 

understanding of Structure of the earth system 

Content Standard F  Science in Personal and Social Perspectives 

· As a result of activities in grades 5-8, all students should develop understanding of  Personal health Populations, resources, and environments

          


Assessment 
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