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EARTH’S FUTURE OCEAN: ACIDIC OR BASIC

Summary

This inquiry activity allows students to use the scientific method to explore the pH of various liquids and apply the results to determine the impact of fluctuations in ocean chemistry on calcifying organisms that absorb seawater and create calcium carbonate exoskeletons. Interrelationships pertaining to the Atmosphere, Lithosphere, and Hydrosphere through biogeochemical cycles may also be explored and discussed. Background material and useful websites may be provided to assist higher level students in synthesizing current scientific research being used to project trends in Earth’s future climate and changes to ocean’s chemistry

Key Concepts

pH analysis, physical and chemical properties of matter, chemical reactions, biogeochemical cycles, scientific method, climate change, anthropogenic impacts to the hydrosphere 

Objectives

Include clear, measurable statements of what students will be able to do, such as:

· Students will observe changes in pH between 5 different liquids. 

· Students will identify pH levels in 5 different liquids.

· Students will record pH levels for each liquid on their data sheet (See Student Version)

· Students will demonstrate the scientific method to determine the effects of various pH levels on seashell fragments.

· Students will use written and verbal communication skills to share the results of their experiment.

Materials

· Small plastic cups with lids - 6 per group (1 for each liquid and 1 for the seashell fragments)

· pH test strips (5 per group)

· 5 graduated syringes (for teacher, not groups)

· Permanent markers (1 per group)

· Paper towels (2 per group)

· 5 liquids of varying pH levels (e.g., ammonia, seawater, pure water, rubbing alcohol, clear soda (flat), vinegar, rain water)

· Crushed shell fragments (3 teaspoons per group)

· 5 teaspoons (1 per group)

Procedure

LAB SET-UP:

1. Divide the class into 5 small groups.

2. Distribute the cups, pH test strips, permanent marker, and paper towels to each group and guide students to number each cup as 1, 2, 3, 4, and 5.

3. Provide each group with a small numbered beaker containing one of the liquids and a numbered graduated syringe.

4. Instruct students to use the syringe to collect 3cc (3mL) of liquid from the beaker and add the liquid to the appropriate cup (e.g. Liquid 1 to Cup 1).

5. Remind students to place the lid on each cup after collecting the sample.

6. Rotate each numbered beaker of liquid to each group and be sure each group has 5 different samples of liquid when the rotation is complete.

EXPERIMENTAL PHASE I:

1. Demonstrate, if necessary, the proper technique for using the pH test strips

2. Monitor each group’s completion of STEPS 3 through 5. (See Student Copy)

3. Review each team’s predictions and post the predictions on the board.

EXPERIMENTAL PHASE II:

1. Distribute about 3 teaspoons of seashell fragments to each group after they have completed their PREDICTIONS in STEP 5.

2. Monitor each group’s completion of STEPS 6 and 7 and the DATA ANALYSIS. (See Student Copy)

3. Facilitate a short class discussion to compare results across the groups.

FACILITATING THE CONCLUSION:

1. Distribute copies of the article, What is Ocean Acidification?, published by the National Oceanic and Atmospheric Administration (NOAA). This article can also be read online at: 
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2. Provide each group time to read the article and address the questions noted on the RUBRIC in their FINDINGS AND CONCLUSION section of their lab sheet.

3. Facilitate a class discussion based on each group’s FINDINGS AND CONCLUSION.

Assessment
Students will complete a lab report that includes their data collection, data analysis, and findings/conclusions. Encourage students to consider the following questions as they address their FINDINGS and CONCLUSION:

1. What is causing the pH of seawater to change?

KEY TERMS: CO2 + seawater => carbonic acid, Industrial Revolution

2. What are the current trends in seawater pH?


KEY TERMS: CO2ppm increase predictions, trend data

3. What impacts will changes in seawater pH have on humans?


KEY TERMS: food web, economic impacts/commercial fisheries


Additional Resources
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· Sutton, Miriam. Teacher-at-Sea Blog, Center for Microbial Oceanography: Research and Education (C-MORE), OPEREX Research Cruise. July 30 – August 14, 2008. http
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NATIONAL SCIENCE STANDARDS

· Unifying concepts and processes in science: Evidence, models, and explanation; Change, constancy, and measurement
· Science as inquiry: Understanding of scientific concepts; Skills necessary to become independent inquirers about the natural world
· Physical science: Properties and changes of properties in matter; Chemical reactions
· Earth and space science: Earth’s history; Energy in the earth system; geochemical cycles
· Science in personal and social perspectives: Changes in environments; Natural and human-induced hazards
OCEAN LITERACY: ESSENTIAL PRINCIPLES & FUNDAMENTAL CONCEPTS

· The Earth has one big ocean with many features.

· The ocean and life in the ocean shape the features of Earth.

· The ocean is a major influence on weather and climate.

· The ocean supports a great diversity of life and ecosystems.

· The ocean and humans are inextricably linked.

CLIMATE LITERACY: THE ESSENTIAL PRINCIPLES OF CLIMATE SCIENCE

· Climate is regulated by complex interactions among components of the Earth system.

· Life on Earth depends on, is shaped by, and affects climate.

· Climate varies over space and time through both natural and man-made processes.

· Human activities are impacting the climate system.

· Climate change will have consequences for the Earth system and human lives.
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