Dissolved Oxygen vs Temperature

Objective
Dissolved oxygen is an important measure of water quality for aquatic life. In this project you will use a test kit to measure the level of dissolved oxygen in water samples. This project has two goals: 

1. to measure dissolved oxygen in water samples at different temperatures, and 

2. to determine the saturating oxygen concentration for water samples at different temperatures. 

Introduction
Dissolved oxygen is one of many measures of water quality, but an important one for aquatic life. Like land animals, fish and shellfish require oxygen to survive. When oxygen levels fall below 5 mg/l, fish are stressed. At oxygen levels of 1–2 mg/l, fish die.

The amount of oxygen that can dissolve in water (i.e., the saturating concentration of oxygen) depends on water temperature. Colder water can hold more oxygen than warmer water. You'll see for yourself just how much more in this project.

Where does dissolved oxygen come from?
There are two main sources of dissolved oxygen: air and photosynthesis. Consider photosynthesis first. You probably know that photosynthesis is the fundamental biological process that uses light energy to produce sugar from carbon dioxide and water. Oxygen is a by-product of photosynthesis. Both algae (phytoplankton, seaweeds) and plants can be found in natural bodies of water. These organisms are net producers of oxygen in the daytime, but at night become net consumers of oxygen.

Now consider oxygen from the air. At the surface of the water, oxygen from the air equilibrates with oxygen dissolved in the water. This is a dynamic equilibrium: the oxygen molecules are in constant motion. At any given moment, some are leaving the water for the air, and some are leaving the air to dissolve in water. At equilibrium, there is a balance. On average, an equal number of oxygen molecules are leaving and entering the water. If the water temperature increases, the water can't hold as much oxygen as before—the water is oversaturated with oxygen. For a time, there will be more oxygen molecules leaving the water than entering it from the air. Then a new equilibrium will be reached, with less oxygen in the water than before.

Moving water has a rougher surface than still water. With more surface area in contact with air, moving water will equilibrate with air more quickly. (You'll make use of this in your experiment.) In natural situations, water can also become stratified into different layers (see the Science Buddies project Can Water Float on Water?). For example, cold water is denser than warm water, and salt water is denser than fresh water. Can you think of ways that different layers of water might form in a lake or ocean? What do you think happens to the oxygen in a colder layer of water trapped under a warmer layer of water? (Remember that the warmer layer cannot hold as much dissolved oxygen as the colder layer. See the Variations section for a project idea on this topic.) 

What causes dissolved oxygen levels to vary?
So far we've seen that dissolved oxygen can come from the air or from photosynthesis, and that when water warms up, there is a net loss of dissolved oxygen. Besides warming, how else can dissolved oxygen become depleted? The answer is another fundamental biological process: respiration. Respiration uses oxygen to break down molecules, in order to produce energy for cells. So the amount of dissolved oxygen will be determined by: 

· how much oxygen the water can hold (temperature-dependent), 

· how much surface area is available for diffusion from the air, 

· how much oxygen is produced by photosynthesis, and 

· how much oxygen is consumed by respiration. 
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Here is a real-world example of variations in dissolved oxygen levels from a continuous monitoring site in the Chesapeake Bay (Maryland DNR, 2006). All of the data were collected at the same location over the same time period. The first graph shows dissolved oxygen, the second graph shows temperature and the third graph shows chlorophyll concentration (a measure of how much algae is present in the water). Notice the daily fluctuations in oxygen level and water temperature. Notice also how the oxygen level and chlorophyll level both declined toward the end of the time period.
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	Figure 1. The three graphs show (from top to bottom) dissolved oxygen, water temperature, and chlorophyll concentration at a monitoring site in the Chesapeake Bay over a one-week period. (Maryland DNR, 2006)


Sometimes imbalances occur that lead to skyrocketing concentrations of algae. For a project that investigates water quality measures and algal blooms, see the Science Buddies project Harmful Algal Blooms. You can also check out the references in the Bibliography section. 

How is dissolved oxygen measured?
Dissolved oxygen can be measured with an electronic metering device or with a chemical test. Dissolved oxygen meters cost hundreds of dollars, so this project will use the chemical testing method. You can buy a dissolved oxygen test kit for around $50. The kit will test 100 water samples. Commercial test kits are based on the "modified Winkler method." You can read more details on this method in the Bales and Gutmann reference in the Bibliography, but here is a basic outline of how the test works: 

1. A water sample is collected and the sampling container is sealed under water. This prevents exposure of the sample to the atmosphere. 

2. A chemical is added to the water sample to react with all of the dissolved oxygen in the sample. An insoluble precipitate is formed. 

3. Additional chemicals are added to drive the first reaction to completion, and to prevent an unwanted reaction from occurring in the final step. 

4. A third addition causes the precipitate to change color. 

5. The oxygen is now "fixed" and can no longer react with the atmosphere. 

6. In the final step, a titration is performed. In this step, a chemical is added in liquid form, one drop at a time. The added compound reacts with the colored precipitate, causing it to lose color. The water sample is mixed after the addition of each drop. When the color change is complete (sample is clear again), it means that the added compound has reacted with all of the fixed oxygen in the sample. By counting the number of drops that were added, the amount of oxygen in the sample can be calculated. 

Terms, Concepts and Questions to Start Background Research
To do this project, you should do research that enables you to understand the following terms and concepts: 

· dissolved oxygen, 

· titration, 

· oxygen saturation, 

· hypoxia, 

· harmful algal blooms, 

· Gulf of Mexico "dead zone," 

· photosynthesis, 

· respiration. 

More advanced students will want to study the chemistry used in the test kits (modified Winkler method). The reference by Bales and Gutmann in the Bibliography is a good place to start.

Questions 

· What concentration of dissolved oxygen is required to support aquatic life? 

· What are some of the processes that increase dissolved oxygen concentration in natural bodies of water? 

· What are some of the processes that decrease dissolved oxygen concentration in natural bodies of water? 

Bibliography
· For more background information on water quality measures, including dissolved oxygen, see:
Munson, B.H. et al., 2005. "Water on the Web: Understanding: Water Quality: Parameters: Dissolved Oxygen," University of Minnesota Duluth and Lake Superior College [accessed May 15, 2006] http://waterontheweb.org/under/waterquality/oxygen.html. 

· The dissolved oxygen test kits can seem rather mysterious. The instructions that come with the kits explain the procedure step-by-step, but they do not explain how the test works. The following webpage is a good resource for understanding what is going on with each step. (For advanced students, there is also a separate page with more detailed information on the chemical reactions involved.):
Bales, R. and C. Gutmann, date unknown. "The Chemistry Section: Dissolved Oxygen," Department of Hydrology and Water Resources, University of Arizona [accessed May 15, 2006] http://www.hwr.arizona.edu/globe/Hydro/kit_chem/DOchem.html. 

· Archived data (including dissolved oxygen) from Maryland DNR continuous monitoring stations in Chesapeake Bay can be found at:
Maryland DNR, 2006. "Eyes on the Bay," Maryland Department of Natural Resources [accessed May 15, 2006] http://mddnr.chesapeakebay.net/eyesonthebay/index.cfm. 

· These websites have background information on harmful algal blooms, which can deplete water of dissolved oxygen:

· Anderson, D.A., 2006. "Red Tide and Harmful Algal Blooms," [accessed May 1, 2006] http://www.whoi.edu/redtide/. 

· NOAA, 2006a. "Harmful Algal Blooms," NOAA's National Ocean Service [accessed May 1, 2006] http://www.oceanservice.noaa.gov/topics/coasts/hab/welcome.html. 

· These sites have background information on the Gulf of Mexico "Dead Zone," a massive area of hypoxic water that appears every summer near the mouth of the Mississippi River:

· Science Museum of Minnesota, date unknown. "Dead Zone Home," Science Museum of Minnesota [accessed May 15, 2006] http://www.smm.org/deadzone/. 

· Bruckner, M., 2006. "The Gulf of Mexico Dead Zone," Science Education Resource Center, Carleton College [accessed May 15, 2006] http://serc.carleton.edu/microbelife/topics/deadzone/index.html. 

· Roach, J., 2005. "Gulf of Mexico 'Dead Zone' Is Size of New Jersey," National Geographic News, May 25, 2005 [accessed May 15, 2006] http://news.nationalgeographic.com/news/2005/05/0525_050525_deadzone.html. 

Materials and Equipment
To do this experiment you will need the following materials and equipment: 

· dissolved oxygen test kit;
Note: kits are available from two manufacturers, Hach and LaMotte. Both use essentially the same chemistry (modified Winkler method, see Bales and Gutmann reference in the Bibliography). Both are available from multiple online suppliers; a web search on the brand name + dissolved oxygen test kit will locate them. 

· Hach OX-2P, single-parameter test kit for dissolved oxygen, will test 100 samples, 

· LaMotte 7414 or 5860 dissolved oxygen test kit, will test 50 samples. 

· thermometer (range 0°C–100°C), 

· gloves, 

· safety glasses/goggles, 

· at least 3 containers (1 L or more) for water, one to be heated on stove, 

· spray bottle (for rinsing test container in the field), 

· sealable container (at least 500 ml, for test waste in the field). 

· Optional equipment for aerating the water samples (if not readily available, see the Experimental Procedure section for an alternative aeration method): 

· aquarium aerator pump, 

· 2.5 cm or larger fine-mist air stone, 

· plastic aquarium tubing. 

Experimental Procedure
	Safety notes: 

· Read and follow all of the instructions in your test kit, including all safety precautions. 

· Wear safety goggles and gloves when using test kit reagents. 

· Avoid skin contact with test kit reagents. 


In this experiment, you will measure how dissolved oxygen changes in water samples at different temperatures. You will test both aerated and non-aerated water samples at each temperature. 

1. Do your background research and make sure that you are knowledgeable about the terms, concepts, and questions, above. 

2. Read the instructions that came with your dissolved oxygen test kit so that you know how to perform the test. The Bales and Gutmann reference in the Bibliography has an explanation of what is happening with each of the steps, plus a separate page with a more detailed explanation of the chemistry involved (for more advanced students). 

3. Collect your water sample (4 l minimum). The sample can be from a natural body of water, such as an estuary, ocean, lake, pond, or stream. You can also use plain old tap water. 

4. Take a baseline dissolved oxygen measurement. 

a. When you collect your water sample, bring along your dissolved oxygen test kit, thermometer, spray bottle and sealable waste container. 

b. Measure the temperature of the water at the collection site. 

c. Test the dissolved oxygen content of the water at the collection site. This is your baseline measurement of dissolved oxygen. 

d. When your measurement is complete, discard the test sample down a drain; do not throw it back in the body of water you sampled. Do the same with the rinse water when you clean the sampling container. If need be, bring the test waste back home in a sealable container and flush it down the drain at home. 

e. To be sure that your results are consistent, you should repeat the test at least three times, using a fresh sample each time. Use the spray bottle to rinse your test container. Discard rinse water down a drain or into your waste container for disposal at home. 

f. Be sure to record the temperature of the water. 

5. At home, divide your water sample equally into three separate containers: 

a. container 1 will be cooled with ice, 

b. container 2 will be allowed to equilibrate to room temperature, and 

c. container 3 will be heated slightly. 

6. Add enough ice to container 1 to bring the water to about 4–8°C. When the water has cooled, record the temperature and measure the dissolved oxygen concentration. As before, you should run the test at least three times, to be sure that your results are consistent. 

7. Next, aerate the sample and re-test. The point of aeration is to saturate the water with oxygen (i.e., dissolve as much oxygen as the water can hold). You can aerate the water with an aquarium aeration pump and airstone. Lots of small bubbles work best. Allow 5–10 minutes for equilibration. Alternatively, you can pour the water back and forth between two large buckets for 5–10 minutes to aerate the water. In either case, check the temperature periodically and add more ice if needed to maintain the temperature. 

8. When the water has been aerated, repeat the dissolved oxygen test. Make sure to record the temperature. As before, you should run the test at least three times to be sure that your results are consistent. 

9. Run similar tests (aerated and non-aerated) for container 2, the water sample at room temperature (it may take a few hours to equilibrate, depending on how cold the sample was to start). 

10. Run similar tests (aerated and non-aerated) for container 3, the water sample that you heat. You can warm it on the stove, or in the microwave. Mix the sample gently and check the temperature frequently. Aim for a temperature from 35–40°C. You don't want to scald yourself when testing the dissolved oxygen concentration. 

11. Summarize your results in a table. For example: 

	Sample
	Aerated?
	Temp #1
	DO #1
	Temp #2
	DO #2
	Temp #3
	DO #3

	Baseline
	N
	 
	 
	 
	 
	 
	 

	Chilled
	N
	 
	 
	 
	 
	 
	 

	Chilled
	Y
	 
	 
	 
	 
	 
	 

	Room temp
	N
	 
	 
	 
	 
	 
	 

	Room temp
	Y
	 
	 
	 
	 
	 
	 

	Warmed
	N
	 
	 
	 
	 
	 
	 

	Warmed
	Y
	 
	 
	 
	 
	 
	 


12. Make a graph of your results. You can plot dissolved oxygen vs. temperature. Use separate symbols for: 

a. your baseline sample, 

b. your non-aerated samples, 

c. your aerated samples. 

13. From your graph, do you think your original baseline sample was saturated with oxygen? Why or why not? 

Variations
· Does seawater hold as much dissolved oxygen as freshwater at the same temperature? Compare aerated fresh- and salt-water samples at different temperatures. If the ocean is too far away, make your own saltwater by adding between 30 and 35 g of table salt for each liter of water. Use a double bath for cooling the saltwater sample down without diluting it (saltwater sample in the inner container, surrounded by ice water in the outer container). 

· How could you modify the experiment to test whether the initial baseline sample is saturated with oxygen? 

· Measure dissolved oxygen in water with and without aquatic plants. If you have access to a planted aquarium, it would be interesting to monitor oxygen levels both in daytime and at night. As in the experiment described above, this experiment could be done both with and without aeration. If fish are present, monitor the nighttime oxygen level frequently. Also, monitor the fish for signs of oxygen stress (e.g., increased gill beat rate, gulping at the surface). 

· If you live near an estuary or other natural body of water, you could monitor dissolved oxygen from one or more sites over time. For example, you could sample multiple times during a 24-hour period to track the daily fluctuation of oxygen. Alternatively, you could sample over a longer time period, and look for changes correlated with weather systems. What effect would you predict for cloudy weather? 

· Compare dissolved oxygen in a still portion of a stream vs. a rapidly flowing portion. Or compare oxygen levels in water sampled at different depths. 

· For a more advanced project that uses archived water quality data from monitoring stations in the Chesapeake Bay, see the Science Buddies project Harmful Algal Blooms in the Chesapeake Bay. 

Credits
Andrew Olson, Ph.D., Science Buddies 

Sources
· Maryland DNR, 2005. "Eyes on Dissolved Oxygen," Maryland Department of Natural Resources, Eyes on the Bay Lesson Plan Series [accessed May 15, 2006] http://mddnr.chesapeakebay.net/eyesonthebay/lesson_plans/do_lesson_plan.pdf. 

Chemical Analysis of Rainwater
Objective
The goal of this project is to assess the water quality of rainwater collected from different geographical areas. The water quality measures used in this project are hardness, pH, and plant growth. Additional measures could be chosen to expand this project.

Introduction
Is the chemistry of rainwater from different geographical regions similar or different? How does rainwater chemistry relate to that of local surface water? How is rainwater chemistry affected by large-scale weather patterns? Does rainwater chemistry affect the growth of plants? These are some of the many questions you could choose to pursue with this project.

This project is based on Jonathan Allison's 2003 California State Science Fair entry. Here is how Jonathan summarized his experimental procedure: "I contacted friends and family from 11 different cities in the United States and asked them if they could help me by collecting rainwater from their city. After they collected it, they shipped it back to me. Then I tested the rainwater for hardness, using the chemical process of titration. Next I tested the rainwater for pH levels. Then I planted radish seeds in potting soil and watered each set of seedlings with rainwater from a different city. I observed, measured and recorded any growth or changes daily for seven days." (Allison, 2003)

Water Hardness
Water hardness is a measure of dissolved compounds (e.g., magnesium carbonate, calcium carbonate) in the water. These compounds can precipitate out in boilers and water heaters (scaling). Hard water makes less suds with soap and detergent, so you need to use more soap and detergent to get clothes and dishes clean with hard water. General guidelines for classification of waters are: 0 to 60 mg/L (milligrams per liter) as calcium carbonate is classified as soft; 61 to 120 mg/L as moderately hard; 121 to 180 mg/L as hard; and more than 180 mg/L as very hard (USGS, date unknown).
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Figures 1 and 2 show USGS water hardness data for the continental United States. Figure 1 is a histogram showing the mean hardness data for each of the 344 stations sampled. Figure 2 is a map of the U.S., showing the regional patterns of groundwater hardness. In both cases, the data is from 1975, but the patterns shown have proven to be stable over time.

pH
Acidity and alkalinity are measured with a logarithmic scale called pH. pH is the negative logarithm of the hydrogen ion concentration: 

pH = −log [H+] .
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What this equation means is for each 1-unit change in pH, the hydrogen ion concentration changes ten-fold. Pure water has a neutral pH of 7. pH values lower than 7 are acidic, and pH values higher than 7 are alkaline (basic). The table below has examples of substances with different pH values (Decelles, 2002; Environment Canada, 2002; EPA, date unknown). 

	Table 1. The pH Scale: Some Examples

	pH Value
	H+ Concentration
Relative to Pure Water
	Example

	0
	10 000 000
	battery acid

	1
	1 000 000
	sulfuric acid

	2
	100 000
	lemon juice, vinegar

	3
	10 000
	orange juice, soda

	4
	1 000
	tomato juice, acid rain

	5
	100
	black coffee, bananas

	6
	10
	urine, milk

	7
	1
	pure water

	8
	0.1
	sea water, eggs

	9
	0.01
	baking soda

	10
	0.001
	Great Salt Lake, milk of magnesia

	11
	0.000 1
	ammonia solution

	12
	0.000 01
	soapy water

	13
	0.000 001
	bleach, oven cleaner

	14
	0.000 000 1
	liquid drain cleaner
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	Figure 3. Map of U.S. annual average precipitation pH for 1992. (USGS, 1997).


Figure 3 shows a map of the average pH of precipitation in the continental U.S. for the year 1992. "The areas of greatest acidity (lowest pH values) are located in the Northeastern United States. This pattern of high acidity is caused by the large number of cities, the dense population, and the concentration of power and industrial plants in the Northeast. In addition, the prevailing wind direction brings storms and pollution to the Northeast from the Midwest, and dust from the soil and rocks in the Northeastern United States is less likely to neutralize acidity in the rain." (USGS, 1997)

Plant Growth
Most plants prefer soil that is near neutral pH. There are particular varieties (strawberries, azaleas and rhododendrons, for example) that prefer acidic soil. Soil pH also influences how readily available many soil nutrients are to plants.

Terms, Concepts and Questions to Start Background Research
To do this project, you should do research that enables you to understand the following terms and concepts: 

· titration, 

· water hardness, 

· pH. 

More advanced students will also want to understand the following terms and concepts: 

· molarity, 

· stoichiometry. 

Bibliography
· Wikipedia contributors, 2006. "Titration," Wikipedia, The Free Encyclopedia [accessed May 9, 2006] http://en.wikipedia.org/w/index.php?title=Titration&oldid=51987922. 

· These USGS webpages have information on patterns of water hardness of rivers and acidity in rainwater across the United States.

· USGS, date unknown. "Explanation of Hardness," United States Geological Survey [accessed May 9, 2006] http://water.usgs.gov/owq/Explanation.html. 

· USGS, 1997. "What Is Acid Rain?" United States Geological Survey [accessed May 9, 2006] http://pubs.usgs.gov/gip/acidrain/2.html. 

· These sites explain the pH scale: 

· Environment Canada, 2002. "Kids' Corner pH Scale," The Green Lane: Acid Rain, Environment Canada website [accessed March 14, 2006] http://www.ec.gc.ca/acidrain/kids.html. 

· Decelles, P., 2002. "The pH Scale," Virtually Biology Course, Basic Chemistry Concepts, Johnson County Community College [accessed March 14, 2006] http://staff.jccc.net/pdecell/chemistry/phscale.html. 

· Review pages on moles:
Park, J.L., 2004. "The Mole Table of Contents," The ChemTeam, A Tutorial for High School Chemistry [accessed May 9, 2006] http://dbhs.wvusd.k12.ca.us/webdocs/Mole/Mole.html. 

· Allison, J.R., 2003. "It's Raining, It's Pouring, the Radishes Are Growing: Chemical Analysis of Rainwater for the Nation's Food Production," California State Science Fair Project Abstract [accessed May 9, 2006] http://www.usc.edu/CSSF/History/2003/Projects/J0902.pdf. 

Materials and Equipment
· This project requires planning ahead. Remember that it will take some time for your volunteers to collect samples and send them to you. You also need to allow time (at least one week) for the plant growth experiment once you have received all of the samples. Start early and make sure your volunteers send their samples in a timely manner! 

· Where to get samples? You will need to obtain rainwater samples from a wide geographical area. Consult the maps in the Introduction for historical patterns of variation. Ask friends and relatives to collect samples for you. 

· How much water do I need? Check your test kit instructions (see below) to see how much water is required for each test (usually about 5 ml). You will want to repeat your tests for each sample at least 3 times to assure that your results are consistent. So you'll need a minimum of 30 ml just for testing (best to plan on more). You will also need water for the plant growth experiment. Calculate how much water you will need for plant growth, and add 50 ml for testing purposes. This is how much rainwater each of your volunteers will have to send to you. 

· How should my volunteers collect rainwater samples? Simply putting a jar out on the lawn during a rainstorm is not going to be very efficient. In order to get enough water, your volunteers need a large catchment area. Probably the most straightforward solution is to collect water from the roof, by placing a collection jar underneath a downspout. 

· Make sure your volunteers label the water sample with the date and location from which it was collected. 

· For performing the water quality tests, the simplest method is to use a pre-packaged kit designed for testing aquarium water. There are several different brands available. You should be able to find a choice at a local pet store that sells fish. The kit will say how many water samples it will test. You should be able to find kits to test 50 samples for under $10. The kits you need for this project are: 

· general hardness (GH) test kit, 

· pH test kit. 

· For the plant growth experiment, you'll need: 

· radish seeds, (or other suitable, fast-growing seeds), 

· small containers (peat pots or seedling trays), 

· potting soil, and 

· a measuring device for dispensing water. 

Experimental Procedure
1. For the water hardness and pH tests, follow the instructions that come with the water test kit. When titrating samples, it is important to mix the solution well after each drop of test solution is added. 

2. For the plant growth portion of the experiment, it is important to keep all of the other growth conditions (sun exposure, soil, temperature, etc.) constant, and to vary only the source of water used for the plants. Be sure to use the same amount of water. Consult the Science Buddies resource, Measuring Plant Growth for methods you can use to quantify differences in growth. 

Variations
· Does rainwater chemistry in your area vary with weather patterns? Collect samples over several weeks or months, and test the water quality. Keep track of the weather systems that produced the precipitation. Were there variations in the ultimate source of the moisture? Can you correlate these variations with changes in rainwater chemistry? 

· If you live in an urban area, is rainwater chemistry affected by smog? Check the air quality reported in the newspaper for the days that samples were collected. Do you see differences in rainwater chemistry after days with high smog compared to days with cleaner air? 

· For the samples in your study, how does rainwater hardness compare with groundwater hardness? (See Figure 2 in the Introduction, above.) How does the acidity compare to the 1992 U.S. data? (See Figure 3 in the Introduction, above.) 

· Here are two related Science Buddies projects you might want to check out: 

· How Does Soil Affect the pH of Water?, and 

· Conductance as a Water Quality Measurement. 

Credits
Andrew Olson, Ph.D., Science Buddies

Sources
This project was based on: 

· Allison, J.R., 2003. "It's Raining, It's Pouring, the Radishes Are Growing: Chemical Analysis of Rainwater for the Nation's Food Production," California State Science Fair Project Abstract [accessed May 9, 2006] http://www.usc.edu/CSSF/History/2003/Projects/J0902.pdf.

How does soil change with depth?

Objective
This project has two goals: 

1. to observe and measure core samples of soil to see how soil properties changes with depth, and 

2. to compare soil core profiles collected from multiple sites. 

Introduction
"Soils are one of Earth's essential natural resources, yet they are often taken for granted. Most people do not realize that soils are a living, breathing world supporting nearly all terrestrial life." (GLOBE, 2005d)

We depend on soil for food production from crops, but our dependence on the soil goes much deeper than that. Soil is such a vital part of every ecosystem on Earth that it is often called "the great integrator" (GLOBE, 2005d). Here are some examples that help to explain the nickname: "Soils hold nutrients and water for plants and animals. They filter and clean water that passes through them. They can change the chemistry of water and the amount that recharges the groundwater or returns to the atmosphere to form rain. The foods we eat and most of the materials we use for paper, buildings, and clothing are dependent on soils. Soils play an important role in the amount and types of gases in the atmosphere. They store and transfer heat, affect the temperature of the atmosphere, and control the activities of plants and other organisms living in the soil." (GLOBE, 2005d)

Yet arable soil covers only a small fraction of the Earth's surface—about 10% (Levine, 2001a, see Bibliography for an interesting Web-based demonstration of this fact). This thin layer of soil is called the pedosphere. Soil formation is a grindingly slow process. To produce one inch of soil can take 500 years (NRCS, 2001, see Bibliography).

The study of soil is called pedology. Learn more about the world beneath our feet! In this project, you'll become an amateur pedologist and learn how to make the following soil characterization measurements: 

· site description, 

· horizon depths, 

· soil structure, 

· soil color, 

· soil consistence, 

· soil texture, 

· roots, 

· rocks, 

· carbonates. 

Terms, Concepts and Questions to Start Background Research
To do this project, you should do research that enables you to understand the following terms and concepts: 

· soil formation, 

· soil types, 

· humus, 

· silt, 

· sand, 

· clay, 

· soil horizon, 

· pedosphere, 

· ped. 

Questions 

· What is a soil horizon? 

· What are the five factors that contribute to soil formation? 

Bibliography
· Levine, E., 2005a. "Soil Science Education Home Page," Goddard Space Flight Center, NASA [accessed March 16, 2006] http://soil.gsfc.nasa.gov/index.html. 

· Levine, E., 2002. "Soil Science Basics," Goddard Space Flight Center, NASA [accessed March 16, 2006] http://soil.gsfc.nasa.gov/basics.htm. 

· To see an online, step-by-step guide to soil characterization, see:
Levine, E., 2001a. "Soil Characterization Protocols: A Step-by-Step Guide," GLOBE Soil Characterization Investigation [accessed March 16, 2006] http://soil.gsfc.nasa.gov/pvg/chartoc.htm. 

· This brief field guide shows the soil characterization protocol in condensed format:
Potter, R. and I. Trakhtenberg, 2002. "Soil Characterization Field Guide," Goddard Space Flight Center, NASA [accessed March 16, 2006] http://soil.gsfc.nasa.gov/laminate/laminate.htm. 

· For a detailed soil characterization protocol, download and print out this pdf document:
GLOBE, 2005b. "GLOBE Soil Science Protocols: Soil Characterization," Global Learning and Observations to Benefit the Environment [accessed March 16, 2006] http://archive.globe.gov/tctg/sectionpdf.jsp?sectionId=91&rg=n&lang=en. 

· For suggestions on finding a local expert who might be able to serve as a mentor for your project, see:
Levine, 2001b. "Resources," Goddard Space Flight Center, NASA [accessed March 16, 2006] http://soil.gsfc.nasa.gov/resource.htm. 

Materials and Equipment
To do this experiment you will need the following materials and equipment: 

· soil characterization field guide, 

· homemade soil auger, consists of: 

· length of 1" PVC pipe, 

· 1" wood dowel (for pushing soil core from PVC pipe), 

· sturdy wood block (to cover end of pipe when driving it in with hammer), 

· hammer or mallet. 

· spray bottle with water, 

· golf tees, nails or other horizon markers, 

· soil color book, 

· trowel or shovel, 

· paper towels, 

· meter stick or tape measure, 

· magnifying glass, 

· camera, 

· latex gloves, 

· vinegar, 

· eyedropper or disposable squeeze pipette, 

· sheets of paper or paper plates, 

· #10 sieve (2 mm mesh openings, should be able to find this at a gardening store), 

· soil characterization data sheet, 

· helper, 

· lab notebook, 

· pencils, 

· Munsell Soil Color chart (optional—$150 new; perhaps you can find this at your local library), 

· sealable bags or containers (optional), 

· marking pen (optional). 

Experimental Procedure
1. Select your sites. 

2. Describe each site in your lab notebook. Include in your description: 

a. slope, 

b. landscape position (e.g., hillside, summit, large flat area), 

c. cover type (e.g., trees, grass), 

d. land use (e.g., forest, lawn, beach), 

e. parent material (underlying bedrock, if you know it—a county soil survey may be available and would be helpful here). 

3. Take soil core samples at each site. 

a. Have your helper hold the PVC pipe vertically, with one end firmly on the ground where you want to sample the soil. 

b. Hold the wood block in place on top of the PVC pipe, to distribute the force of the blows from the hammer or mallet. (Keep your fingers out of the way!) 

c. Pound the PVC pipe into the soil, until there is about 6 in remaining above the surface. (Alternatively, you can take the soil cores out in smaller chunks, carefully assembling them in order.) 

d. Holding the pipe straight up and down, rotate it back and forth to loosen the pipe in the hole. 

e. Pull up the pipe with your soil core sample inside. 

f. Use the 1 in dowel to carefully push the soil core sample out of the pipe. Use paper plates or sheets of plain paper as a background for examining the soil core samples. 

4. Identify soil horizons. Use all of the information at your disposal: 

a. soil color and texture, 

b. root depth, 

c. evidence of worms and other soil organisms, etc. 

d. This is a good time to use your magnifying glass! 

5. Using golf tees or nails (or markers on the background paper), mark the soil horizon depths. 

6. Measure the horizon depths (top and bottom of each horizon) and record them in your data table (see below for example). 

7. For each soil horizon, use the table below to identify the soil structure and record it in your data table (GLOBE, 2005b; information also available in the printable Soil Characterization Field Guide). 

a. Use a trowel or other digging device to remove a sample of soil from the horizon being studied. 

b. Hold the sample gently in your hand and look closely at the soil to examine its structure. This is a good time to use your magnifying glass! 

	Step 7. Identifying Soil Structure

	Granular: Resembles cookie crumbs and is usually less than 0.5 cm in diameter. Commonly found in surface horizons where roots have been growing.
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	Blocky: Irregular blocks that are usually 1.5–5.0 cm in diameter.
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	Prismatic: Vertical columns of soil that might be a number of cm long. Usually found in lower horizons.
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	Columnar: Vertical columns of soil that have a white, rounded salt "cap" at the top. Found in soils of arid climates.
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	Platy: Thin, flat plates of soil that lie horizontally. Usually found in compacted soil.
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	In certain cases, soil samples may have no structure. These would be classified as either "Single-Grained" or "Massive."

	Single-Grained: Soil is broken into individual particles that do not stick together. Always accompanies a loose consistence. Commonly found in sandy soils.
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	Massive: Soil has no visible structure, is hard to break apart and appears in very large clods.
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8. For each soil horizon, identify the soil color by matching to the swatches in a soil color book (optional, but preferable), or by using descriptive color terms. Photographs would also be useful here for your display board. 

a. Take a ped (a ped is a small, naturally-occuring aggregate of soil—in other words, a small "lump" of soil) from the horizon being studied and note whether it is moist, dry or wet. If it is dry, moisten it slightly with water from your spray bottle. 

b. Break the ped and hold it next to the color chart. 

c. Stand with the sun over your shoulder so that sunlight shines on the color chart and the soil sample you are examining. 

d. Find the color on the color chart that most closely matches the color of the inside surface of the ped. 

e. Record the color of the ped in your data table, in the row for the appropriate soil horizon. Sometimes, a soil sample may have more than one color. Record a maximum of two colors if necessary, and indicate (1) the dominant (main) color, and (2) the sub-dominant (secondary) color. 

9. For each soil horizon, use the table below to identify the soil consistence (GLOBE, 2005b; also available in the printable Soil Characterization Field Guide). 

a. Take a ped from the soil horizon being studied. If the soil is very dry, moisten the face of the core sample by squirting water on it, and then remove a ped for determining consistence. 

b. Holding the ped between your thumb and forefinger, gently squeeze it until it pops or falls apart. 

c. Record your findings for each soil horizon in your data table. 

	Step 9. Identifying Soil Consistence

	Loose: You have trouble picking out a single ped and the structure falls apart before you handle it. Note: Soils with Single-Grained structure always have Loose consistence.
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	Friable: The ped breaks with a small amount of pressure.
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	Firm: The ped breaks when you apply a larger amount of pressure and the ped dents your fingers before it breaks.
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	Extremely Firm: The ped can't be crushed with your fingers (you need a hammer!)
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10. For each soil horizon, identify the soil texture using the instructions and the soil textural triangle, below (GLOBE, 2005b, also available in the printable Soil Characterization Field Guide).
Soil Texture, Step 1 

a. Place some soil from a horizon (about the size of a small egg) in your hand and use the spray bottle to moisten the soil. Let the water soak into the soil and then work it between your fingers until it is thoroughly moist. Once the soil is moist, try to form a ball. 

b. If the soil forms a ball, go on to Soil Texture, Step 2. 

c. If the soil does not form a ball, call it a sand. Soil texture is complete. Record the texture for this horizon in your data table. 

Soil Texture, Step 2 

d. Place the ball of soil between your thumb and forefinger and gently push and squeeze it into a ribbon. 

e. If you can make a ribbon that is longer than 2.5 cm, go to Soil Texture, Step 3. 

f. If the ribbon breaks apart before it reaches 2.5 cm, call it a loamy sand. Soil texture is complete. Record the texture for this horizon in your data table. 

Soil Texture, Step 3 

g. If the soil: 

· is very sticky, 

· is hard to squeeze, 

· stains your hands, 

· has a shine when rubbed, 

· forms a long ribbon (> 5 cm) without breaking, 

then call it a clay and go to Soil Texture, Step 4.

h. Otherwise, if the soil: 

· is somewhat sticky, 

· is somewhat hard to squeeze, 

· is at most slightly sticky, 

· forms a medium ribbon (between 2 and 5 cm) before breaking, 

then call it a clay loam and go to Soil Texture, Step 4.

i. Otherwise, if the soil: 

· is smooth, 

· is easy to squeeze, 

· is at most slightly sticky, 

· forms a short ribbon (< 2 cm) before breaking, 

then call it a loam and go to Soil Texture, Step 4.

Soil Texture, Step 4 

j. Wet a small pinch of the soil in your palm and rub it with a forefinger. If the soil: 

· Feels very gritty every time you squeeze the soil, go to b. 

· Feels very smooth, with no gritty feeling, go to c. 

· Feels only a little gritty, go to d.

k. Add the word sandy to the initial classification. 

· If you've reached this point, the soil texture should be one of the following: 

· sandy clay, 

· sandy clay loam, or 

· sandy loam. 

· Soil texture is complete. Record the texture for this horizon in your data table.

l. Add the word silt or silty to the initial classification. 

· If you've reached this point, the soil texture should be one of the following: 

· silty clay, 

· silty clay loam, or 

· silt loam. 

· Soil texture is complete. Record the texture for this horizon in your data table.

m. Leave the original classification. 

· If you've reached this point, the soil texture should be one of the following: 

· clay, 

· clay loam, or 

· loam. 
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Soil texture is complete. Record the texture for this horizon in your data table.

11. For each horizon, observe and record if there are none, few or many rocks. Use the #10 sieve to sift a soil sample from the horizon. Rocks will remain behind in the sieve. 

12. For each horizon, observe and record if there are none, few or many roots. Use the #10 sieve to sift a soil sample from the horizon. Roots will remain behind in the sieve. 

13. For each soil horizon, measure the free carbonates. 

a. Set aside a portion of the soil to use for the free carbonates test. Make sure not to touch it with your bare hands. 

b. Use the eyedropper (or disposable squeeze pipette) to add several drops of vinegar to the soil sample. 

c. Look carefully for the presence of effervescence (bubbles). The more free carbonates that are present, the more effervescence you will observe. 

d. From your observations, record in your data table one of the following notations: 

· None: if you observe no reaction, the soil has no free carbonates present. 

· Slight: if you observe a very slight bubbling action; this indicates the presence of some carbonates. 

· Strong: if there is a strong reaction (many, and/or large bubbles) this indicates that many carbonates are present. 

14. Take a photograph or make a drawing of your soil profile. Here are some tips for getting a good photograph. 

a. Use a marker and a blank sheet of paper to make a sign that identifies the site. Take a photograph of the sign (get close enough so you can read it) so that you'll know where the following pictures came from. 

b. Place a tape measure or meter stick starting from the top of the soil profile next to where the horizons have been marked. 

c. With the sun at your back, photograph the soil profile so that the horizon markers and their depths (on the tape measure or meter stick) can be seen clearly. 

d. Take another photograph of the landscape around your sampling site. 

15. Here is a sample data table. 

Slope: 3 degress
Landscape Position: large, flat area
Cover Type: grass
Land Use: school grounds
Parent Material: limestone bedrock

	Horizon
	Top
	Bottom
	Structure
	Color
	Consistence
	Texture
	Rocks
	Roots
	Carbonates

	1
	0 cm
	20 cm
	Granular
	10YR3/4
	Friable
	Loam
	None
	Many
	None

	2
	20 cm
	40 cm
	Blocky
	7.5YR6/8
	Friable
	Clay Loam
	None
	Many
	None

	3
	40 cm
	75 cm
	Blocky
	5YR6/8
	Firm
	Clay Loam
	None
	Many
	None

	4
	75 cm
	100 cm
	Prismatic
	5YR6/6
	Extremely Firm
	Clay
	None
	Few
	None


Interpreting Your Data
How do the soil profiles compare between the different sites? What do they tell you about the differences in environmental history between sites? 

Note: the following suggestions are taken from the Soil Characterization Protocol (GLOBE, 2005b). 

· Soil Horizons. It is unlikely that large numbers of distinct horizons will be found in very young soils (recently deposited, or close to bedrock), or very highly developed soils (such as are found in tropical regions). More horizons are found in temperate climates under forest vegetation. 

· Color. Dark colored soil is usually found at the surface, unless there has been intense leaching of organic material, such as in a conifereous forest, or deposition has occurred where new parent material has been deposited on top of a soil profile that was already developed. 

· Texture. In general, soil texture is similar as you go deeper into the soil, with a gradual increase in clay. If there is a very sharp difference in texture (such as a clayey soil over a very sandy soil) this may also be an indication of a different parent material due to depostion. This may occur if you are in an area near a stream where flooding is common, or where human activity has disturbed the soil and fill has been added. 

· Structure. Granular structure is generally found where there are many roots. Soils with high amounts of clay typically have blocky or massive structure. 

· Consistence. When soil has single-grained structure, the consistence is always loose and the texture is usually sand or other very sandy texture such as loamy sand. Testing for the bulk density of the soil can act as a check for the consistence since the denser the soil, the more firm the consistence will be. 

· Roots. Bulk density should be lower when there are many roots in the soil that add pore space to the horizon. 

· Carbonates. If free carbonates are present, the pH should be 7 or above since high amounts of calcium carbonate decrease the soil acidity and increase the pH. 

Variations
· Instead of using core samples, dig a 1 m deep pit to examine the soil. It's a lot more work, but you'll get a better look at the soil, and you'll probably be able to get deeper samples than with your homemade auger. Make sure you have permission to dig first. You'll also need to investigate ahead of time to make sure that there are no underground utilities (e.g., water, sewer, gas, electric, or telephone lines) in the area. 

· Advanced. If you want to perform further analyses of your soil samples, you should collect at least three samples from each soil horizon in sealable plastic bags. Mark each bag with the date, location, soil horizon, and depth from which it was collected. Here are some properties you can measure for your samples: 

· bulk density, 

· particle density, 

· particle size distributions, 

· pH, 

· soil fertility (N, P, K). 

Detailed experimental protocols for measuring each of these properties are available from the following website, under "Soil":
GLOBE, 2005c. "GLOBE Measurements," Global Learning and Observations to Benefit the Environment [accessed March 16, 2006] http://archive.globe.gov/fsl/html/templ.cgi?measpage&lang=en&nav=1. 

Credits
Andrew Olson, Ph.D., Science Buddies 

Sources
· GLOBE, 2005b. "GLOBE Soil Science Protocols: Soil Characterization," Global Learning and Observations to Benefit the Environment [accessed March 16, 2006] http://archive.globe.gov/tctg/sectionpdf.jsp?sectionId=91&rg=n&lang=en. 

· GLOBE, 2005d. "GLOBE Soil Science Protocols: Introduction," Global Learning and Observations to Benefit the Environment [accessed March 16, 2006] http://archive.globe.gov/tctg/sectionpdf.jsp?sectionId=88&rg=n&lang=en. 

Note: GLOBE (Global Learning and Observations to Benefit the Environment) is a worldwide hands-on, primary and secondary school-based education and science program. For more information, visit: http://www.globe.gov/fsl/html/aboutglobe.cgi?intro&lang=en&nav=1. 

Heavy Metals and Aquatic Environments
Objective
In this experiment you will test the effects of the heavy metal copper (Cu) on an aquatic environment containing algae, worms, fish, and plants.

Introduction
You might know that lead can be toxic, and that you can get lead poisoning from eating or inhaling old paint dust. Lead is called a heavy metal, and there are other sources of heavy metals that can be toxic, too. Silver, copper, mercury, nickel, cadmium, and chromium are all heavy metals that can be toxic in certain environments. 

"Toxic metals, including "heavy metals," are individual metals and metal compounds that have been shown to negatively affect people's health. In very small amounts many of these metals are necessary to support life. However, in larger amounts, they become toxic. They may build up in biological systems and become a significant health hazard." (OSHA, 2004)

In this experiment you will find out if one common heavy metal, copper (Cu), can be toxic to an aquatic environment. You will use copper because it is one of the heavy metals that is easy to find and it is not very toxic to humans. You will use copper sulfate as a source of copper that is soluble, meaning it will dissolve in water. A recommended source for soluble copper sulfate is in aquarium products designed to treat infestations. One such product is called "Had-A-Snail" and contains a 3.8% solution of copper sulfate pentahydrate, or 1.61% copper ion in solution. 

The amount of an ion in solution is often measured in parts per million (ppm). This means that if there is 1 ppm ion in solution, then there is 1 milligram (mg) present in each liter (L) of solution. Heavy metals release free ions in solution that are very potent, and can cause an effect at very low doses, less than 0.5 ppm! How do you calculate the amount of ion in ppm from a solution where the concentration of ion is measured in percent, like Had-A-Snail? 

First, start by reading the manufacturers instructions. To use Had-A-Snail you add 1 drop per gallon of water, but you will need to convert these units to the metric system. This means that 1 drop will convert to 1/20th of a milliliter (mL) which is the same as 0.05 mL, and that 1 gallon will convert to 3.785L which is the same as 3785 mL. Had-A-Snail provides 1.61% copper ion in solution from 3.8% copper sulfate pentahydrate. So the calculation for the amount of copper in the diluted 1 gallon solution is 

( (1.61% × 0.05 mL) / (1000 mL/L) ) / 3.785 L = 0.00002% copper ion in solution.

Then you need to convert from % ion in solution to parts per million. Make this conversion by multiplying your answer by 10,000 to get parts per million, so that 0.00002% copper ion is calculated as 0.2 ppm. 

The product guidelines will give you a baseline, or a place to start, for deciding how much copper to use in each of your experimental environments. Once you know your baseline, then you will add increasing amounts of copper to a series of experimental aquatic environments. You will need to calculate the amount of copper in parts per million (ppm) for each experimental environment. Then, you will add a number of aquatic organisms to each environment. Each aquatic environment will be a mixture of algae, plants, worms, and fish. How will adding copper affect the organisms in each environment?

Terms, Concepts and Questions to Start Background Research
To do this type of experiment you should know what the following terms mean. Have an adult help you search the internet, or take you to your local library to find out more! 

· heavy metals and their sources 

· copper (coins, pipes, wiring, fungicide, pesticide) 

· lead (old paint, fishing weights) 

· nickel (coins, batteries) 

· mercury (thermometers, fluorescent light tubes) 

· arsenic (pesticides and rodenticides) 

· cadmium (batteries) 

· chromium (chrome plating, batteries, toner, paint) 

· environmental toxicity 

· aquatic environments 

· soluble 

· insoluble 

Questions 

· How will soluble copper affect an aquatic ecosystem? 

· Will all of the organisms be affected similarly or differently? 

· How much copper will cause an effect? 

Bibliography
· This project was adapted from the Duckweed Bio-Assay protocol from Cornell University: 
EIP, Date unknown. "Assessing Toxic Risk: Student Edition," Environmental Inquiry Program (EIP), Cornell University [accessed July 3, 2006] 
http://ei.cornell.edu/teacher/pdf/ATR/Protocol2.pdf 

· Here is a resource on the uses of copper in aquariums: 
Aukes, B., 2006. "All About Copper Sulfate," FishyFarmacy.com [accessed July 3, 2006] 
http://www.fishyfarmacy.com/Q&A/all_about_copper.html 
· Damgaard, M., 2003. "Copper and Your Health." Wisconsin Department of Natural Resources [accessed October 5, 2006] 
http://www.dnr.state.wi.us/org/water/dwg/copper.htm 

· OSHA, 2004. "Safety and Health Topics: Toxic Metals." U.S. Dept. of Labor, Occupational Safety and Health (OSHA) [accessed July 3, 2006] 
http://www.osha.gov/SLTC/metalsheavy/index.html 

· At this site, you can find out the toxicity of different chemical compounds: 
Habeck, M., 2006. "Toxics," Eco-USA.net [accessed July 3, 2006] 
http://www.eco-usa.net/toxics/index.shtml 

· Heavy metals are often used in agriculture as pesticides. Learn more about pesticide use and ecotoxicity from the Pesticide Action Network (PAN): 
PAN, 2006. "The PAN Pesticides Database," Pesticide Action Network (PAN), San Francisco, CA. [accessed July 3, 2006] 
http://www.pesticideinfo.org/Index.html 

Materials and Equipment
· 1 3/4 oz. bottle of "Had-A-Snail" - a copper sulfate pentahydrate solution for treatment of snail infested aquariums, available at pet stores selling aquarium supplies. 
NOTE: There are many other common sources of soluble copper sulfate in liquid form (available at pet stores in the aquarium section for treating fish parasites) and granular form (available at a nursery or hardware store for treating plants for pests and fungal infections). Using these other products will alter all of the suggested amounts in this project. You will need to read the manufacturers recommendations and calculate the amount of product to use for your experiment. 

· 6 empty recycled 1 gallon milk containers, cleaned and rinsed thoroughly 

· 6 large, reusable plastic containers with lids (6 cups / 48 oz, e.g. Glad or Zip-lock) 

· permanent marker for labeling 

· aquatic organisms: (should pick at least 2 plants and 2 animals) 

· small, cheap fish (minnows, feeder fish, or goldfish from pet shop or bait shop) 

· small pond snails (pond or aquarium supply store) 

· water fleas (Daphnia, available at aquarium supply stores) 

· live tubifex (available at aquarium supply stores, bait shops, or found in pond bottoms) 

· aquatic plants like duckweed or elodea (available at aquarium supply stores, ponds, or nurseries) 

· algae (spirulina, available at aquarium supply stores) 

Experimental Procedure
1. Rinse each container thoroughly with water. Do not use soap because it can coat the plastic container and may be harmful to the organisms in your experiment. 

2. Prepare the copper solutions for each container, using one milk jug for each experimental group. Use the permanent marker to label each milk jug with the amount of copper ion in ppm. Add the corresponding amount of distilled water and copper sulfate pentahydrate (Had-A-Snail) according to the table below: 

	Water (mL) 
	Drops of Concentrated Copper Sulfate Solution (Had-A-Snail) 
	Total Copper Ion in Solution (ppm) 

	1 gallon 
	0
	0 ppm 

	1 gallon 
	1
	0.2 ppm 

	1 gallon
	2
	0.4 ppm 

	1 gallon
	3
	0.6 ppm 

	1 gallon
	4
	0.8 ppm 

	1 gallon
	5
	1.0 ppm 


3. Here are some important things to consider when mixing your solutions: 

· Be sure to have one container that only has water as a control. 

· Use bottled water, not tap water, because it may contain harmful chemicals like chlorine or chloramine. 

· Use caution when using the concentrated copper solution. Add the concentrated solution slowly, one drop at a time. 

· Finally, label each container with a permanent marker. 

4. Use the gallon solutions to fill your containers with lids. Label each container with the same label as the solution you fill it with (0 ppm, 0.2 ppm, 0.4 ppm, etc). 

5. Evenly distribute the organisms into each container, being sure to add a mixture of plants (algae, duckweed, elodea) and animals (aquatic worms, snails, and small crustaceans). 

6. Observe the animals and write down observations in a data table. Continue your observations for a few hours, or overnight if necessary. For each observation, count the number of organisms that are still alive for each different type. This is called a viability assay, because you are counting the number of things that are viable, or still living. 

	Total Copper Ion in Solution (ppm) 
	Observations (Viability, Appearance, Etc...) 

	0 ppm 
	 

	0.2 ppm 
	 

	0.4 ppm 
	 

	0.6 ppm 
	 

	0.8 ppm 
	 

	1.0 ppm 
	 


7. Make a graph of your results. On the left side (Y-axis) of the graph, make a viability scale by graphing the number of living organisms of each type. On the bottom (X-axis) of the graph write the amount of copper sulfate in each solution. Then make a line graph for each type of organism in your study. Did they respond similarly or differently to the copper in your environments? Which amounts are toxic? Which organisms are the most sensitive or the most resilient to the copper? 

Variations
· Some water plants can remove contaminating heavy metals from aquatic environments. Others are poisoned by them. Do an experiment comparing different species of aquatic plants for this ability. Use a copper test kit to test the water each day after the plants have been added. 

· We used copper sulfate because it is highly soluble. Can other sources of copper be a problem? Try other sources of elemental copper, like pipes, wires, and metal sheets. Also try other metal products that are weak toxins, like aluminum (foil, cans) or zinc (coins, wires). Are any of these common sources of metals toxic to aquatic life? It is important not to do experiments with lead or mercury, because they can be very toxic and cause developmental defects in children. 

· Try these other Science Buddies experiments to test the effects of toxins on aquatic environments: 

· Acid Rain and Aquatic Life 

· Something's Fishy About That Fertilizer 

Credits
Sara Agee, Ph.D., Science Buddies
Acid Rain and Aquatic Life

Objective
In this experiment you will test the effects of acidic water conditions on an aquatic environment containing algae, worms, snails, and plants.

Introduction
Acid rain occurs when pollution in the atmosphere (sulfur dioxide and nitrogen oxide) is chemically changed and absorbed by water droplets in clouds. When there is precipitation, the droplets fall to earth as rain, snow, or sleet. The polluting chemicals in the water droplets form an acid by combining with the hydrogen and oxygen in the water. These acidic droplets (pH < 5) can increase the acidity of the soil and affect the chemical balance of lakes and streams.

"Acid rain is a serious environmental problem that affects large parts of the US and Canada." (EPA, 2006) Acid rain accelerates weathering in carbonate rocks and accelerates building weathering. It also contributes to acidification of rivers, streams, and forest damage at high elevations (Wikipedia contributors, 2006).What is an acid? An acidic solution will donate hydrogen ions and usually taste sour, like lemon juice. Acids are the opposite of bases, which accept hydrogen ions and usually feel slippery, like soapy water. How do you tell if something is an acid or a base? You use a chemical called an indicator, which changes in color when it goes from an acidic to basic solution. Indicators can be extracted from plant pigments, like red cabbage. If you want to learn how to make your own acid indicator, read the Science Buddies experiment Cabbage Chemistry. 

In this experiment you will use an indicator that is concentrated on little strips of paper called "pH test strips". The color of the paper will indicate the pH of the solution you are measuring. Each one unit change in pH is a 10-fold change in the number of hydrogen ions in solution. Your pH test strips will come with a color chart that you can use to measure the pH of your vinegar solutions. This will give you a measurement of the acidity of your aquatic environments.
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The goal of this experiment is to test the effects of acid rain on a simple aquatic ecosystem, consisting of small plants and animals. You will use household vinegar to create different solutions of various acidities. You will then observe the organisms in the experimental environment to determine the effects of acidic conditions on viability. To measure viability, you will count the number of living and non-living organisms in each experimental environment over time.

Terms, Concepts and Questions to Start Background Research
To do this type of experiment you should know what the following terms mean. Have an adult help you search the internet, or take you to your local library to find out more! 

· acid rain 

· pH 

· environmental toxicity 

· aquatic organisms 

· aquatic environments 

Questions 

· How will acidic conditions affect an aquatic ecosystem? 

· Will all of the organisms be affected similarly or differently? 

· Which pH ranges will cause an effect? 

Bibliography
· This project was adapted from the Duckweed Bio-Assay protocol from Cornell University: 
EIP, Date unknown. "Assessing Toxic Risk: Student Edition," Environmental Inquiry Program (EIP), Cornell University [accessed July 3, 2006] 
http://ei.cornell.edu/teacher/pdf/ATR/Protocol2.pdf 

· This is a site just for kids that discusses acid rain: 
EPA, 2006. "Acid Rain Students Site," U.S. Environmental Protection Agency (EPA) [accessed July 3, 2006] 
http://www.epa.gov/acidrain/education/site_students/index.html 

· Wikipedia contributors, 2006. "Acid precipitation," Wikipedia, The Free Encyclopedia [accessed July 3, 2006] 
http://en.wikipedia.org/w/index.php?title=Acid_precipitation 

Materials and Equipment
· large bottle of white vinegar 

· 3 gallons of distilled (bottled) water 

· pH test strips (Alkalive pH Stix can be found at natural food pharmacies, or you can order pH test strips from a scientific supply company like Carolina Biological) 

· measuring cups 

· 6 large, reusable plastic containers with lids (6 cups / 48 oz, e.g. Glad or Zip-lock) 

· permanent marker for labeling 

· aquatic organisms: (should pick at least 2 plants and 2 animals) 

· small, cheap fish (minnows, feeder fish, or goldfish from pet shop or bait shop) 

· small pond snails (pond or aquarium supply store) 

· water fleas (Daphnia, available at aquarium supply stores) 

· live tubifex (available at aquarium supply stores, bait shops, or found in pond bottoms) 

· aquatic plants like duckweed or elodea (available at aquarium supply stores, ponds, or nurseries) 

· algae (spirulina, available at aquarium supply stores) 

Experimental Procedure
1. Rinse each container thoroughly with water. Do not use soap because it can coat the plastic container and may be harmful to the organisms in your experiment. Label each container with a permanent marker. 

2. Prepare the solutions for each container according to the data table below, one container for each experimental group. Use bottled water, not tap water, because it may contain harmful chemicals like chlorine or chloramine: 

	Bowl
	Water
	Vinegar
	Total Volume 
	pH
	Observations

	1 
	1000 mL 
	0 mL 
	1000 mL 
	 
	 

	2 
	900 mL 
	100 mL 
	1000 mL 
	 
	 

	3 
	800 mL 
	200 mL 
	1000 mL 
	 
	 

	4 
	700 mL 
	300 mL 
	1000 mL 
	 
	 

	5 
	600 mL 
	400 mL 
	1000 mL 
	 
	 

	6 
	500 mL 
	500 mL 
	1000 mL 
	 
	 


3. Check the pH of each container with your pH test strips and record the data in your data table. 

4. Evenly distribute the organisms into each container, being sure to add a mixture of plants (algae, duckweed, elodea) and animals (aquatic worms, snails, and small crustaceans). Write down the number of each type of organism you are adding to the containers. For example, "I added 10 snails,10 worms, and 20 duckweed plants to each container." 

5. Observe the animals and write down observations in the data table. Continue your observations for a few hours, or overnight if necessary. 

6. For each observation, count the number of organisms that are still alive for each different plant or animal. This is called a viability assay, because you are counting the number of things that are viable, or still living. For example, "At 3 PM there were 5 living snails, 2 living worms, and 7 living duckweed plants." 

7. Make a graph of your results. On the left side (Y-axis) of the graph, make a viability scale by graphing the number of living organisms of each type. On the bottom (X-axis) of the graph make a scale of the pH of the water. Then make a line graph for each type of organism in your study. Did they respond similarly or differently to the changes in pH of your environment? What is the viable pH range for each organism? Which organisms are the most sensitive or the most resilient to changes in acidity? 

Variations
· Another way to test the effect of acid rain on plants is to germinate seeds in acidic conditions. Try using your solutions to wet a paper towel in a baggie, sprinkle in some seeds, and place in a sunny window to see how many will sprout. 

· You can also try watering a series of plants with neutral and acidic water. How well will plants grow when watered with "acid rain" compared to neutral water? 

· Try these other Science Buddies experiments to test the effects of toxins on aquatic environments: 

· Heavy Metal 

· Something's Fishy About That Fertilizer 

Credits
Sara Agee, Ph.D., Science Buddies

Can Water float on Water?
Objective
The goal of this project is to investigate what happens to layers of water with different densities. You will investigate density differences caused by both temperature and salinity.

Introduction
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Water covers 70% of Earth's surface. Seen from space, the blue of the oceans and the white of clouds are the dominant visual features. The water of the oceans is not uniform. Climatic processes create large-scale differences in ocean water temperature and salinity, illustrated in the first two maps, below. As you might expect, ocean waters near the equator tend to be warmer than those at higher latitudes. The first map shows sea surface temperature, coded in color (see legend).

The second map shows global differences in ocean surface salinity (dissolved salt concentration). At the surface, in general salinity is higher in equatorial regions and lower at the high latitudes.
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What goes on at the ocean surface does not tell the whole story. The ocean has depth, too. In the deep ocean, huge masses of water circulate around the globe, driven by differences in temperature and salinity. This is called the thermohaline circulation, sometimes also known as the global conveyor belt. Differences in temperature and salinity cause differences in ocean water density. As water warms, it expands, decreasing density. As salt concentration rises, density increases, because the salt molecules can occupy spaces between the water molecules. Denser water sinks beneath water that is less dense. As denser water sinks, water must rise somewhere to replace it. As you are doing your background research for this project, you should read up on how the thermohaline circulation works.

In this project, you will do experiments to see what happens when layers of water at different densities are brought together. You'll create your two "layers" in plastic or glass bottles, coloring them with different food colors to tell them apart. Then, you'll bring the two layers together by flipping one bottle over on top of the other (we'll tell you how to do it without spilling half the bottle!). You can see for yourself if water can float on water.

Terms, Concepts and Questions to Start Background Research
To do this project, you should do research that enables you to understand the following terms and concepts: 

· salinity, 

· density, 

· hydrometer, 

· thermohaline circulation, 

· estuary. 

Questions 

· How does the density of water change as a function of temperature? 

· How does the density of water change as a function of dissolved salt? 

Bibliography
· Swenson, H., date unknown. "Why Is the Ocean Salty?" U.S. Geological Survey Publication [accessed May 4, 2006] http://www.palomar.edu/oceanography/salty_ocean.htm. 

· The NASA Aquarius project will measure sea surface salinity from space. Launch is planned for 2009. These pages provide an overview of sea surface salinity and its importance for ocean currents and their effects on climate:

· NASA, date unknown b. "Overview: Sea Surface Salinity," [accessed May 4, 2006] http://aquarius.gsfc.nasa.gov/overview.php. 

· NASA, date unknown a. "Science: Ocean Circulation and Climate," [accessed May 4, 2006] http://aquarius.gsfc.nasa.gov/science.php. 

· Wikipedia contributors, 2006. "Thermohaline Circulation," Wikipedia, The Free Encyclopedia [accessed May 4, 2006] http://en.wikipedia.org/w/index.php?title=Thermohaline_circulation&oldid=49655017. 

Materials and Equipment
To do this experiment you will need the following materials and equipment: 

· 4 (or more) small, clear bottles with equal-sized openings (plastic water bottles work well), 

· masking tape, 

· permanent marker, 

· business card or index card, (or stiff plastic of similar thickness), 

· table salt, 

· 2 containers for mixing and pouring solutions (should have larger capacity than bottles), 

· measuring spoon, 

· stirring spoon, 

· 2 different food coloring colors (e.g., red and blue, blue and yellow, red and yellow), 

· tray or shallow pan to work over (for spills), 

· towels for clean-up, 

· hot and cold tap water, 

· ice, 

· clock. 

The following materials and equipment are optional: 

· hydrometer (available at stores that sell marine aquariums), 

· thermometer (range at least 0–50°C). 

Experimental Procedure
Salinity and Mixing 

1. You'll need to keep track of which containers have salt added and which ones do not, so start by labeling your containers while everything is still dry. Mark one container and two bottles "+ salt." Mark the other container and two bottles "fresh." 

2. Add tap water to each container. 

3. Add salt to the "+ salt" container and stir until it dissolves. How much salt? You decide! Use the following information to assist you with your calculations: 

a. The salinity map in the Introduction shows that deep ocean salinity ranges from 32 to 37.5 parts per thousand (ppt or 0/00). As an example, 35 ppt would mean 32 g of salt per 1000 g of seawater. 

b. At 25°C, the maximal solubility of NaCl in water is about 357 g/l. 

c. For making measurements in a typical American kitchen, the following facts will be helpful. A cup of table salt is approximately 292 g (GourmetSleuth.com, 2001). There are 16 tablespoons per cup, and 3 teaspoons per tablespoon. Finally, a cup of water is the same as 236.6 ml. 

4. Optional: if you have a hydrometer, measure the density of each solution. Rinse off the hydrometer and wipe the outside dry between measurements so that you don't transfer one solution to the other. 

5. Add about 3 drops of food coloring to each container. Use one color for "+ salt" and a different color for "fresh." Note which is which in your lab notebook. (You'll want your notebook handy, but off to the side in case of spills.) 

6. Completely fill a "+ salt" bottle with colored salt water. 

7. Completely fill a "fresh" bottle with colored fresh water. 

8. Use the two remaining bottles for color samples of each solution for comparison as the experiment proceeds. 

9. Now comes the tricky part. You are going to invert one bottle and put it on top of the other, without spilling. It doesn't matter which one you choose to flip over first, because you'll be doing the experiment both ways. It's a good idea to practice this maneuver first with plain tap water until you get the hang of it, so you don't waste your solutions. Here's how: 

a. Use the card (or plastic) to cover the top of the bottle you're going to invert. 

b. Hold the bottle near the base with one hand while holding the card against the opening with two fingers of the other hand. 

c. Slowly and carefully flip the bottle over, keeping the card pressed tightly against the opening. For plastic bottles, try not to squeeze the bottle as you do this, since squeezing will push water out of the bottle. Holding near the bottom of the bottle where it is stiffer will help. 

d. Place the inverted bottle on top of the other bottle (the card remains in place, so it is between the openings of the two bottles). 

e. Line up the two bottles so that the inverted bottle is balanced on top. 

f. Note the time, and then carefully slide the card out from between the two bottles. 

g. With practice, you'll be able to do this without spilling more than a few drops. 

10. Observe what happens to the two solutions. Write your observations in your lab notebook. Remember to the note the time as you make your observations. Here are some things to look for: 

a. Do you see any evidence of mixing (e.g., color changes, or schlieren lines)? Note: schlieren lines are wavy lines caused by changes in the index of refraction of the solution. Since the two solutions have different densities, they will also have different indices of refraction. Where the two solutions mix, schlieren lines may be apparent. You may have seen schlieren lines before on a hot summer day in the air over hot asphalt pavement. In this case the lines are the result of rising hot air mixing with cooler air above. 

b. How does the color of solution in each bottle compare to the original color? 

c. Is the color uniform throughout each bottle? 

d. Note anything else of interest. 

11. Optional: if you have a hydrometer, measure the density of the water in each bottle at the conclusion of the experiment. 

12. Confirm your results by repeating the experiment. You should perform at least three trials with salt water in the top bottle and fresh water in the bottom bottle, and at least three trials with fresh water in the top bottle and salt water in the bottom bottle. 

Temperature and Mixing 

1. In the second experiment you'll investigate the effect of water temperature on mixing. This time, you'll use fresh water in both bottles. Label your containers "hot" and "cold." 

2. Add hot tap water to one container, and cold tap water to the other. (Note: since you are bound to spill some water, make sure that the "hot" water is not so hot that it would scald.) 

3. Optional: if you have a thermometer, measure the temperature of each solution. Rinse off the thermometer and wipe the outside dry between measurements so that you don't transfer one solution to the other. You can also measure the density of each solution with a hydrometer, if you have one. 

4. Add about 3 drops of food coloring to each container. Use one color for "hot" and a different color for "cold." Note which is which in your lab notebook. (You'll want your notebook handy, but off to the side in case of spills.) 

5. Completely fill a "hot" bottle with colored hot water. 

6. Completely fill a "cold" bottle with colored cold water. 

7. Use the two remaining bottles for color samples of each solution for comparison as the experiment proceeds. 

8. Follow the instructions above (step 8) for inverting one bottle over the other. 

9. As before (step 9, above), observe what happens to the two solutions. Write your observations in your lab notebook. Remember to the note the time as you make your observations. 

10. Optional: if you have a thermometer, measure the temperature of the water in each bottle at the conclusion of the experiment. Measure the density of the solution in each bottle if you have a hydrometer. 

11. Confirm your results by repeating the experiment. You should perform at least three trials with hot water in the top bottle and cold water in the bottom bottle, and at least three trials with cold water in the top bottle and hot water in the bottom bottle. 

For your presentation, think about how your results relate to mixing of ocean water when currents carrying water at different temperatures or salinities meet. Alternatively, you might want to try relating your results to estuaries, where fresh water flowing from streams and rivers meets the ocean and its tides.

Variations
· Try different colors (e.g., lighter color for denser fluid and vice versa). You may notice fluid movements that you missed previously. 

· Try varying the salt concentration. For example, if you cut the amount of added salt in half, is mixing time affected? What do you think will happen? 

· Try intermediate temperatures. What do you think will happen to mixing time? 

· What do you think would happen if you tried warm salt water over cold fresh water? 

· Try different temperatures of salt water. To make sure that the salt concentration is equal, start with a single salt water solution (make enough to more than fill two bottles). Split the solution in half. Add dye to each half. Chill one of the solutions in a tightly-covered container in the refrigerator or freezer. Warm the other solution on the stove using very low heat. The solution should not become too hot too touch. Keep it covered so you don't lose water vapor, which would increase the salt concentration in the remaining solution. 

· For a different way of looking at the density of salt water, check out the Science Buddies project: Try This Eggsperiment to Measure the Density of Salt Water. 

Credits
Andrew Olson, Ph.D., Science Buddies
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