Name _________________________________  Date __________________

Ocean Acidity 

This lab is to be completed in two weeks. You will do parts 1-3 the first week; after one week you will complete parts 4 and 5.
Part 1 pH scale 

The pH scale measures the acidity or alkalinity of a solution by measuring the concentration of hydrogen ions it contains. The more hydrogen ions there are, the more acidic the solution. Refer to Figure 21.5 on page 469 of your textbook. 

The pH scale goes from 0-14. It is logarithmic, which means that for each number difference on the scale there is a 10-fold change in the amount of hydrogen ions.

1. What is the pH of pure water (completely neutral)? _________   

What about the range for normal precipitation?  __________ 
What about seawater? _________

2. Which is more acidic, milk or lemon juice? _______________________

3. Complete the following sentence:
The lower the number is on the pH scale, the ___________ (more, less) acidic the solution is.

Part 2 Carbon dioxide and pH of water

When the gas carbon dioxide dissolves in water it can change the pH of water.  In this experiment you will explore this process by adding carbon dioxide from your breath to water to see what it does to the pH.

Materials: 
250ml flask             


Straw for each person         



Distilled water (room temp)
     
pH probe



15 ml Bromothymol blue 0.2% 



Bromothymol blue is an acid-base indicator. It is blue in neutral solutions and turns to green and yellow as the pH changes.

Directions: Pour 150ml of water into the flask and record the pH. Add 15ml of Bromothymol blue to the water and note the color of the solution.

Record:

	Color
	pH of solution

	
	


Insert the straw in the flask allowing the end to touch the bottom.. Take a deep breath and blow it slowly into the solution in a controlled manner. Caution: do not suck solution into your mouth! Take turns with the others in your group until 5 breaths have been blown. Record:

	Color
	pH of solution

	
	


1. Describe how the color of your solution has changed. 

2. What was the change in the pH of the solution? In other words, did the solution become more acidic or more alkaline?

3. What did you add to the solution to change its color and alter the pH? ____________________________________________________________

4. Think about where carbon dioxide is found in nature
.

5. What are some of the anthropogenic (man-made) causes of excessive carbon dioxide in the atmosphere?

The acid that you have made by bubbling carbon dioxide into the water is called carbonic acid. This is the same process that is occurring as CO2 is dissolving in ocean water from the atmosphere

Fill in the following chemical equation by counting the total number of atoms of each element on the left side and filling them into the right side: (Remember that if the chemical symbol does not have a subscript number after it, that means there is only one atom of it).

H 2 O (water) +  C O 2 (carbon dioxide)   ------>   H __ CO__ (carbonic acid)

The chemical formula for carbonic acid is: _______________________
Read pages 138-140 in your text, “Basic Chemistry for Environmental Science”.
1. What does carbonic acid break down into? (Give the name and the chemical formula)

2. What do bicarbonate ions break down into?

3. What happens to the hydrogen ions as the carbonic acid breaks down?

Part 3 Calcite Dissolution

This part of the lab helps us understand what happens to marine animals and plants that have shells made of calcium carbonate in an increasingly acidic ocean.

First, place a piece of chalk into the jar of vinegar and watch it fizz. The fizzing is the reaction of the calcium carbonate with the acid; it releases carbon dioxide. 

1. What happens to the size of the chalk as the reaction continues?

Directions: Measure the pH of the solutions A through D. 
	Jar
	A
	B
	C
	D

	pH
	
	
	
	


Use a scale that is sensitive to hundredth grams.

Place a shell piece on the scale and record the starting weight in grams; to two places after the decimal.

Arrange the bottles of solutions in descending order from the least acidic to the most acidic and place one piece of shell in each of the solutions.

After one week, you will dry each piece very thoroughly and record the new weight.

	pH value of solution
	
	
	
	

	Weight –week 0
	
	
	
	

	Weight – week 1 
	
	
	
	

	optional-week 2 
	
	
	
	


1. What changes in weight did you observe in the shells?

2. How does this experiment relate to what is happening to living organisms with calcium carbonate shells in the ocean?

3. In what ways is this experiment different from what is happening in the ocean?

Part 4 Ocean reactions to atmospheric CO2
We are going to explore some of the most recent issues in environmental science concerning the oceans’ reaction to excess carbon dioxide in our atmosphere. Start by making a graph of the measurements of atmospheric CO2 collected for the past 50 years from the top of Mauna Loa, on the big island of Hawaii. This site was chosen for a baseline indicator of global CO2 because it is remotely placed in the center of the Pacific away from the pollution sources of highly populated areas.

Graph the following measurements of atmospheric CO2 in ppm for the years 1959-2008*

	Year 
	CO2ppm
	Year
	CO2ppm
	Year
	CO2ppm
	Year
	CO2ppm
	Year
	CO2ppm

	1959
	316
	1969
	325
	1979
	337
	1989
	353
	1999
	368

	1960
	317
	1970
	326
	1980
	339
	1990
	354
	2000
	369

	1961
	318
	1971
	326
	1981
	340
	1991
	355
	2001
	371

	1962
	318
	1972
	327
	1982
	341
	1992
	356
	2002
	373

	1963
	319
	1973
	330
	1983
	343
	1993
	357
	2003
	376

	1964
	320
	1974
	330
	1984
	344
	1994
	359
	2004
	378

	1965
	320
	1975
	331
	1985
	346
	1995
	361
	2005
	380

	1966
	321
	1976
	332
	1986
	347
	1996
	362
	2006
	382

	1967
	322
	1977
	334
	1987
	349
	1997
	363
	2007
	384

	1968
	323
	1978
	335
	1988
	351
	1998
	367
	2008
	386


  *Data is taken from readings at Mauna Loa by Earth System Research Laboratory (NOAA) and C.David Keeling (Scripps Institute of Oceanography) and rounded to the nearest part per million.

Add the following levels of oceanic CO2 from the years 1989 to 2008 ** to the same graph:

	Year
	CO2ppm
	Year
	CO2ppm
	Year
	CO2ppm
	Year
	CO2ppm

	1989
	330
	1994
	353
	1999
	365
	2004
	367

	1989
	305
	1994
	294
	1999
	309
	2004
	337

	1990
	331
	1995
	355
	2000
	375
	2005
	362

	1990
	306
	1995
	323
	2000
	332
	2005
	336

	1991
	340
	1996
	350
	2001
	377
	2006
	378

	1991
	316
	1996
	324
	2001
	341
	2006
	330

	1992
	345
	1997
	353
	2002
	366
	2007
	378

	1992
	315
	1997
	324
	2002
	328
	2007
	352

	1993
	343
	1998
	358
	2003
	368
	2008
	379

	1993
	308
	1998
	330
	2003
	338
	2008
	352


**Data modified from Burke Hales’ presentation at COSEE workshop, July, 2010

Draw a line of best fit between the oceanic CO2 points on the graph and compare with the atmospheric CO2 levels. 

1. How is the ocean responding to increased levels of CO2 in the atmosphere?

2. What might account for the variability that you see in the oceans’ CO2 levels?

Part 5 Acid Ocean article

Read article- http://oregonstate.edu/terra/2008summer/departments/earth/ocean.php
1. What did the researchers aboard the vessel Wecoma discover about the upwelling water along today’s shorelines? 

2. What were the atmospheric levels of CO2 when the upwelling water was previously at the surface?

3. Knowing what you already do about CO2 and water and after reading this article, how might the oceans be affected by the human-caused (anthropogenic) excess? 

4. What is the relationship between the so-called, “dead zones” and ocean acidification? How do phytoplankton blooms caused by upwelling compound the ocean acidification problem?

5. Why is it important to have a cross-disciplinary approach to ocean research?

Conclusion

Reflect on your results in part 3. 

What are the implications of an increasingly acidic ocean for ocean dwelling organisms that utilize calcium carbonate for their shells?

Why would it be difficult to assess the overall acidity of the oceans on a global scale?

Note to educators: 

This lab was written using Vernier Lab probes. The graphing is accomplished by using the companion software Lab Pro Logger software. If you do not have this equipment, it is possible to just use any electronic probes for pH and thermometers for temperature, and have students make their own graphs. 

The text referred to is Essentials of Oceanography 5th edition, by Garrison. Another text may be substituted.
�Is there a way you can have students answer this before you tell them?





