Attachment To: Sally Solvates Seashells by the Seashore - Ocean Acidification and the Effect on Sea Shells 

Curriculum created by Rus Higley, Highline Community College and Vanessa Hunt, Central Washington University

Nautilus Acid Activity Teacher Guide
Ideally students will use a lab journal for this experiment. 

Set-up—Groups of 3-5 students

Review topic of Acids/Bases/pH scale as necessary.  Students need to understand the concept and how strength changes and is measured.

 
Brainstorming—What is an acid?  Base? 
 Examples?  How measured?  Scale?
· Acid is a substance that has a pH of less than 7 and has a H+ ion concentration higher than pure water (hydrogen donor).

· Base is a substance that has a PH of greater than 7 and has OH- concentration higher than pure water (hydrogen acceptor)

· Relate pH scale to real-life products.  One example is at http://www.yellowtang.org/images/ph_scale_c_la_784.jpg
Materials are suggestions only.  Substitute as needed.  

Materials needed:
Demo #1—

pH meter; litmus paper; acid; base

Demo #2—

Bromothymol blue; Dixie cups for all; Straws for all

Video—Acid test:  the global challenge of ocean acidification

 (currently available for free at http://www.nrdc.org/oceans/acidification/ for ordering or streaming.  

Can also be found on youtube.com.
Demonstration #1:  Measuring pH.  
Depending on what is available, a pH meter and litmus paper are useful.   Acids can be as simple as vinegar, soda, and lemon juice.  Bases can be as simple as ammonia, bleach, baking soda.

Brainstorming—How does CO2 affect ocean acidity?

Few students will likely know this.  If this is the case, quickly jump to Demo #2.

Demonstration #2:  Measuring the effect of adding CO2 to water.

Prep—Fill enough for all Dixie cups with water and bromothymol blue.

Hand out cups of liquid and straws to all students.  Although bromothymol blue is relatively safe (see MSDS at http://www.carolina.com/text/teacherresources/MSDS/bromobluefer.pdf ), caution students to only blow into straws.  Ask students to predict what will happen when they blow into the water.  After blowing into water for 10-20 seconds, water will change from blue to yellow color indicating decreased acidity.

Brainstorming—What happened to the solution?  What was in your breath that caused this effect?

· Air contains a small amount of CO2and due to respiration, a person’s breath contains even more.  
· CO2, from your breath, dissolves in the water and forms carbonic acid (CO2+ H2O ⇌ H2CO3)

· Bromothymol blue uses a color change to indicate a reduction in pH.
•
Air contains a small amount of CO2and due to respiration, a person’s breath contains even more.  

•
CO2, from your breath, dissolves in the water and forms carbonic acid (CO2+ H2O ⇌ H2CO3)

•
Bromothymol blue uses a color change to indicate a reduction in pH.

Return to earlier brainstorming-- How does CO2 affect ocean acidity?

•
CO2 dissolves into the oceans water and is changed into carbonic acid, which reduces the oceans acidity.

After watching the 22-minute video, informally quiz the students to see what they learned.

Questions to ask—

•
How does CO2 affect ocean acidity?

•
What type of animals are effected?

•
What is causing this change in acidity?


Review topic of the Scientific Method as necessary.  Students need to understand the steps and order.  A basic diagram is available at http://www.sciencebuddies.org/mentoring/overview_scientific_method2.gif 

When teaching the scientific method, it is important to stress replication, calibration of equipment, and standardization of methods.  All of these minimize errors.

Brainstorm—Are all shells the same?

· Arthropods, such as crabs and shrimps, have shells made of chitin, a protein.

· Mollusks, such as mussels, clams, and oysters, have shells made of calcium carbonate.

· Echinoderms, such as seastars and sand dollars, have shells/skeletons made of calcium carbonate.

Materials needed:

· Digital scales—1 /group

· Paper towels

· Various shells—as many different kinds as possible.  

· Rocks for controls

· 1,000 ml beaker filled with 750 mls of vinegar for each sample.

· 50-100 grams of each sample x number of replications
So for 6 groups and 5 samples/group, you’d need 30 beakers, about 6 gallons of vinegar, and whatever shells you are using.
Work with the students to create an experiment which explores the effect of an acid on shells.  Steps below are a starting point for you and your class.  
· Ask a question:  “Are all shells the same?”

· Background research:  Acid test video and Ocean Acidification factsheet (http://www.nrdc.org/oceans/acidification/09081401.asp) 

· Hypothesis:  (must be testable)  Example--______ shells are more susceptible to a decrease in pH.
Note, it is important to realize that no one is saying that the ocean will become as acid as vinegar.  This experiment is looking only at how susceptible certain shells are to dissolving in a given time.
Depending on number of groups and time available, you’ll want each group to have 3-5 samples to be tested, including a control (rock).
Shells can be acquired from a variety of sources; however it is important that you model a good environmental ethos for your students.  Taking shells from the beach is popular, but removes important habitat for many animals and should be discouraged.  Encourage your students to raid family supplies of shells (e.g. grandparent’s bowl of shells).  Also, have shellfish for dinner or ask your nearby seafood restaurant to set aside shells.  Lastly, craft stores often sell shells, but these still have a negative impact.  To minimize smell of shells, I immediately clean as much as practical and then freeze until needed.

Examples include:

· Phylum Mollusca—clam, mussels, oysters, scallops, snails, …

· Phylum Arthropoda—crabs, shrimp, barnacles, …

· Phylum Echinodermata—seastars, sea urchins, sand dollars

· Phylum Cnidaria--coral

Method

Before class:

· Decide on number of groups and replications.

· To reduce errors, presoak all samples for one hour.

· Fill beakers with ~750ml of vinegar

In class:

· Calibrate scales (at a minimum make sure that zero is zero).

· Remove samples and blot dry.

· Weigh and record initial weight for each sample.

· As a set time, entire class places all samples into vinegar.

· Record starting time.

· After 1 hour, remove, blot dry and weigh.  

· Record final weight.


Most middle school students should be able to calculate percentage change (Final weight/initial weight*100).  

Advanced students can analyze the data through a software program like Excel to figure out replication averages and to plot in a bar graph.

Materials needed—access to a computer and Excel software.
Record and consolidate data

Table headers(
Sample | Initial Weight | Final Weight | Percentage change

Consolidate data into one large table with averages calculated for replicates.  Use Excel or other software as available.

Excel can then be used to create a bar graph (x axis – percentage change; y axis – sample).
Evaluate for Errors

Brainstorm sources of error AND potential solutions.  

· Students will likely come up with student mistakes.  Here is a good place to point out any outliers, but to also emphasize that even the outliers can’t be ignored without justification.  

· Surface area is likely a significant error.  For example, oyster shells compared to shrimp shells have a small surface area to weight ratio which would reduce the ability of the vinegar to act in a limited time.

· Presoaking minimized the error caused by not completely drying the shells and any water absorbed by the dry shells.

· Others…

Apply results to hypothesis.

Form conclusions based on data.  

Brainstorm ideas to expand or improve experiment.

Science requires its practitioners to share and publish their data.  Although there are many ways to do this in school, increasing the students ownership of the issue of ocean acidification is key. 

Assignment—write a letter to an elected official.  Explain the work done in class and summarize the problem of ocean acidification, including what you’d like the official to do.  One step further, assign students to research the elected official for their area.
Teacher Resources
· Science cited in Acid Test-- http://www.nrdc.org/oceans/acidification/science.asp
· Oceanography, Dec. 2009, Special Issue on the Future of Ocean-- http://www.tos.org/oceanography/issues/current.html contains lots of articles about ocean acidification.

· Doney, S.C. (2006) The dangers of ocean acidification. Scientific American. March: 58‐65
· A three‐part interview with Dr. Richard Feely, NOAA lead scientist conducting research on ocean acidification—http://seagrant.oregonstate.edu/video/flash/acidification-1.html 
· http://www.sciencedaily.com/articles/earth_climate/oceanography/ contains stories and articles about cutting edge research in oceanography with lots of stories about ocean acidification.  Very good site

· “Boiling for science” article by Oceanography instructor on the importance of standardization, replication, and calibration-- http://www.tos.org/oceanography/issues/issue_archive/issue_pdfs/19_1/19.1_education.pdf
Scientific equipment—there are many vendors and a lot of money can be spent.  Basic but quality pH meters can be purchased for $50-100 from www.carolina.com but make sure you get calibration buffers.  Pet stores like www.fosterandsmithaquatics.com/  and even spa stores also have lots of options.  






