NINTH GRADE CURRICULUM EMBEDDED PERFORMANCE TASK—HIGH SCHOOL SCIENCE (CAPT)
ACID RAIN

	PARAMETER
	GRADE 9
STRAND III:  GLOBAL INTERDEPENDENCE 

	EMBEDDED PERFORMANCE TASK TITLE
	ACID RAIN

	YOUR TASK 
	Your town council is commissioning a new statue to be displayed downtown.  You and your lab partner will conduct an experiment to investigate the effect of acid rain on various building materials in order to make a recommendation to the town council as to the best material to use for the statue. In your experiment, vinegar (pH ( 3) will simulate acid rain.

	RESEARCH QUESTION
	Of marble, pea stone, red sandstone, and granite, which material is the BEST for building a weather resistant statute?

	HYPOTHESIS/PREDICTION
	If marble, pea stone, red sandstone, and granite are 

subjected to acid rain (pH ( 3) then granite will 

deteriorate the least because it is the most resistant to weathering

	EXPERIMENT INDEPENDENT VARIABLE
	Type of building material (marble, pea stone, red sandstone, and granite)

	EXPERIMENT DEPENDENT VARIABLE
	% of Mass Remaining (g)

	CONTROL EXPERIMENT
	Instead of acid rain test (submerge) the building materials (marble, pea stone, red sandstone, and granite) in tap (pure) water with a pH of ( 7

	VARIABLES THAT MUST BE KEPT CONSTANT
	Same amount of time in the vinegar (24 hours), same amount of 

vinegar (100 mL), same mass of building material (20 g), 

same balance, same brand of vinegar, and same size container/lid


EXPERIMENTAL DESIGN—ACID RAIN
Acid rain is a major environmental issue throughout Connecticut and much of the United States.  Acid rain occurs when pollutants, such as sulfur dioxide (SO2) from coal burning power plants and nitrogen oxides (NOx) from car exhaust, combine with the moisture in the atmosphere to create sulfuric and nitric acids.  Precipitation with a pH of 5.5 or lower is considered acid rain.

Acid rain not only affects wildlife in rivers and lakes but also does tremendous damage to buildings and monuments made of stone.  Millions of dollars are spent annually on cleaning and renovating these structures because of acid rain.

You have been provided with the following materials and equipment.  It may not be necessary to use all of the equipment that has been provided.  

Suggested Materials:


Proposed Building Materials:

Containers (cups) with lids


Marble Chips

A graduated cylinder


Red Sandstone Chips

Vinegar (i.e., acid rain)


Pea Stone

pH paper/meter


Granite Chips

Safety Goggles

A balance




Example of a % of Mass Remaining Calculation:

% of Mass Remaining = New Mass after Subjection to Acid Rain  (  Original Mass  x  100

% of Mass Remaining = 14.2 g  (  20 g   x  100

% of Mass Remaining =  0.71  x 100 

% of Mass Remaining = 71%

Control Experiment Building Material Data Table (Initial Mass = 20 g)
	(Independent Variable)

Building Material
	Trial #1

(Dependent Variable)

Remaining Mass (g)
	Trial #2

(Dependent Variable)

Remaining 

Mass (g)
	Trial #3

(Dependent Variable)

Remaining 

Mass (g)
	3 Trial

Average

(Dependent Variable)

Remaining 

Mass (g)
	3 Trial

Average

(Dependent Variable)

% of Mass Remaining 

Mass

	Marble
	20.0
	20.0
	20.0
	20.0
	100.0

	Pea Stone
	20.0
	20.0
	20.0
	20.0
	100.0

	Red Sandstone
	20.0
	20.0
	20.0
	20.0
	100.0

	Granite
	20.0
	20.0
	20.0
	20.0
	100.0
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Building Material Data Table (Initial Mass = 20 g)
	(Independent Variable)

Building Material
	Trial #1

(Dependent Variable)

Remaining Mass (g)
	Trial #2

(Dependent Variable)

Remaining 

Mass (g)
	Trial #3

(Dependent Variable)

Remaining 

Mass (g)
	3 Trial

Average

(Dependent Variable)

Remaining 

Mass (g)
	3 Trial

Average

(Dependent Variable)

% of Mass Remaining 

Mass

	Marble
	15.1
	14.2
	14.0
	13.6
	68.0

	Pea Stone
	17.2
	18.5
	17.7
	17.8
	89.0

	Red Sandstone
	18.1
	18.1
	17.8
	18.0
	90.0

	Granite
	20.0
	19.8
	20.0
	19.9
	99.5
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QUESTIONS
      1. Use the graph and data table to describe the relationship between building material and

          % of mass remaining.

      2.  Was the hypothesis (prediction) supported? Explain!

      3.  Below is a protocol written by a student to study the relationship between the type of 

           building material (the independent variable) and resistance to weathering (the dependent    

           variable). What is wrong with this procedure? 


A. Put 400 mL of vinegar (acid rain) into a large cup.


B. Next, put 20g of marble chips, 40 g of pea stone, 60 g of red sandstone, and 80 g of 

                  granite into the large cup with the 400 mL of vinegar. 


C. Take the marble out after 6 hours and weigh it. 


D. Take the pea stone out after 12 hours and weigh it.


E. Take the red sandstone out after 18 hours and weigh it.


F. Take the granite out after 24 hours and weigh it.


G. Then plot a bar graph of mass gained in grams.

       4.  In terms of validity why is the 3 trial average better than a single trial?

       5. Explain why you need the tap (pure) water control experiment to draw a valid conclusion?  

       6. A student's conclusion was that marble was the worst material to use for the statue. Does 

           your data support this conclusion? Explain!

       7. What building material would you recommend to the town council for building the statue? 

           Please use quantitative data in your answer.

       8. What do you think would happen if we put 20 g of marble chips into concentrated 

           hydrochloric (HCl) acid with a pH of zero (0.0)?

       9. Explain why time (24 hours in the vinegar for each building material) has to be controlled 
           (i.e., kept constant)?
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