Acid Rain and Soil pH

Purpose: This lab will explore the pH and buffering capacity of soil and water from various places around the country and it will explore ways to modify soil pH.
Materials: pH meters, wide-range pH paper, filter paper, funnel, beakers, stirring rods, soil and water samples, calcium oxide, iron(II) sulfate heptahydrate, test tubes, 0.001M H2SO4, 0.1M HCl, granite and limestone chips
Safety: Goggles must be worn at all times.  Calcium oxide and iron(II) sulfate can both causes severe irritation and burns to every area of contact and are harmful if swallowed or inhaled.  Sulfuric acid is a corrosive liquid which can cause severe burns if it comes in contact with the skin as can hydrochloric acid.  CaO and FeSO4 may be disposed of in the trash or down the drain.  Excess H2SO4 and HCl may be poured down the drain with water. 

Background:  For the background section of this lab research the importance of wetlands and how wetlands work.  Explain the relevance of wetlands to this lab.
Principles: Rain water naturally has a pH of 5.6 due to the presence of CO2 dissolved in the water.  Any rain more acidic than 5.6 is called acid rain.  Acid rain is quite widespread and is due primarily to the sulfur oxides (SOx) found in coal and the nitrogen oxides (NOx) found in oil that are released from burning.  Some lakes and forests in Northern Europe have been extremely negatively affected by acid rain.  The United States has also been impacted by acid rain with the average pH of precipitation in the Eastern part of the United States being between 3.9-4.5.  While acid rain falls in many areas not all areas are impacted.  An area’s susceptibility to the effects of acid rain is related to the buffering capacity of the soil and water.  A buffer is something which is able to resist changes in pH even upon addition of strong acid or strong base.  Different geology will provide more or less susceptibility to the effects of acid rain based upon its widely varied geology.  (See map.)
Buffering capacity of soil is important from the perspective of a region’s susceptibility to the effects of acid rain and it is also important from an agricultural perspective.  Agriculture is the world’s oldest and most basic industry.  Until relatively recently, the vast majority of people lived and worked on farms, but recent advances in agricultural engineering, soil science, and plant breeding have enabled farmers to obtain much greater yields with much less labor.  As farming has become more efficient, fewer people are needed to work the land, and more people have emigrated to cities to seek employment.    New technologies have enabled farmers to not only to obtain larger yields on existing farmland but also transform marginal lands into productive acreage.  As the world’s population continues to grow, and much of the best farmland gets paved over by rapidly growing cities, it becomes increasingly important to learn how to manage these marginal lands.  In many regions the climate is suitable for growing crops, but the soil pH is not.  Farmers routinely add chemicals to soils in such regions to create soil conditions suitable for crops.  
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DAY 1

Part 1: Measuring soil pH: Some plants grow better in slightly acidic environments, while others do better in neutral or slightly basic environments.  The correlation between vegetation and soil pH is so strong that experienced observers can accurately estimate soil pH on the basis of the plants growing there.  For example, blueberries, cranberries, mountain ash, and spruce are commonly found in soils with a pH of 4-5, while sunflowers, clovers, elms, sugar maples, and locusts are found in soils with a pH of 6-8.  Knowing the pH preference of various horticultural and agricultural plants is useful, because different types of fertilizers or soil additives can be administered to promote growth of the desired plants.  For this part of the experiment you should collect soil samples from various places.  Some ideas include agricultural areas, deciduous forests, coniferous forests, home garden, bogs, wetlands, and grasslands.  You will need less than a cup of each soil.  Confer with your teammates so you can bring soil from different types of locations.  When you collect the soil, observe what kind of vegetation appears to grow there during the summer as best you can.


In lab, place 50 grams of soil in a beaker with 100mL of distilled water.  Stir the soil for one minute and let settle.  Decant (See Figure 2) the water into a clean beaker through a funnel fitted with a piece of filter paper.  It is not important that you get all of the water from your muddy solution into the clean beaker.  (The exact amount of water needed will depend upon the size beaker used but you should have the bottom 1cm of the probe covered with your solution.)  What is important is the water is clean when you test the pH.  Test the pH of the water with a pH probe.  See your instructor or T.A. for instructions on using the pH meter.  This is the pH of the unaltered soil.  Measure all of the different soil types brought by your group members in a similar way.  The pH of the water is the pH of the watered soil.  Record the pH of the different soil types.  Put your data on the board to share with other groups.  Does there appear to be any correlation between vegetation or environment and soil pH?
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Part 2 pH Buffering effects of soil:  Coal-burning electric power generation plants release SO2 into the atmosphere.  Sulfur dioxide combines with moisture and falls to the earth as acid rain.  Are soils immediately acidified when this occurs, or is it a slow process?  To answer this question, in lab place 50 grams of soil in a beaker and add 100mL of 0.001 M H2SO4 (acid rain).  Stir the solution for a couple of minutes and allow the mud to settle.  Decant and pour the solution through filter paper as you did earlier.  Again, collecting all of the solution is not critical but having a clean, mud-free testing solution is.  Measure the pH of the solution.  This is the pH of the soil after addition of acid rain.  Repeat for all soil samples.  Again, post your results on the board for all to see and record.  Compare each of the soils for their starting pH measured in part 1 and their acid rain pH measured here.  Does there appear to be a correlation between vegetation and resistance to changes in pH?  If anything is known about the geology of the area where the soil was taken compare that to the changes in pH noted.  Interpret your results. Buffers do not have their pH change very much even when a lot of acid or base is added to them.  Ecosystems that have a lot of buffering capacity built into them are not affected by things such as acid rain to near the extent that ecosystems that do not have much buffering capacity built into them.  The geology of Southeastern MN with a lot of calcium and magnesium carbonate present makes our lakes nearly impervious to the effects of acid rain whereas lakes in Northeastern MN which have granite geology are very susceptible to the effects of acid rain.  From your tests here in lab, which soil serves as the most effective buffer?  

Part 3 Modifying soil pH: Some soils are too acidic for optimal plant growth while others are too basic.  Farmers have learned to monitor and adjust the pH of soils for optimal plant growth.  Two minerals frequently added to soil are lime (CaO) and FeSO4.  How do these minerals affect the soil’s pH?  Place a small quantity of dry lime in one test tube and a small quantity of FeSO4 in another test tube.  Add distilled water to each test tube, stir, and test with wide range pH paper.  Record the approximate pH of each test.  Which substance would you recommend to a gardener or farmer for soil that is too acidic?  Too basic?
DAY 2
Part 4 Buffering capacity of natural water:
Due to their geology, different natural waters have differing buffering capacity, that is the ability to resist changes in pH.  Prior to lab, each student in the group should collect some water.  You will need between 250-400 mL.  A cleaned out, used pop or water bottle is a perfect thing to save the sample in.  Coordinate with your teammates to get water from a wide variety of areas, hopefully hometowns, spring break locations, etc.  The samples can be from lakes, rivers, oceans, wells, city water, etc.  Refrigerate the samples after collection until lab.  In lab, pour 50mL of your water into each of three clean beakers.  To one of the beakers, add 5mL of 0.001M H2SO4 (acid rain) and stir, to another beaker add 5 mL of 0.001M NaOH and stir, do not add anything to the third beaker.  Use a pH probe to measure the pH of all three solutions.  Observe the results.  Do the results indicate that your water sample has much buffering capacity?  Repeat this procedure with all of the water samples collected by members of your group and with distilled water.  Which water sample was best able to buffer the addition of strong acid?  Strong base?  Why?  Put your results on the board.  Copy down the whole classes data.  What trends do you notice with location that the water came from?  Which areas of the country are most susceptible to acid rain?  Which are most susceptible to changes in pH from strong base addition?  Why do you think you see the results that you do?  To test the buffering capacity further, suppose you had a really heavy rainfall of acid rain.  Add another 10mL of 0.001M H2SO4 to the beaker that already had the acid added to it.  Record the pH.  Now, what can you say about the buffering capacity of the natural water sample?
Part 5 The protective effect of geology:

In part 2, you should have observed differences in the ability of various soils to buffer changes in pH brought about by acid.  Unfortunately the exact geology giving rise to the buffering ability or inability was probably not known.  Some soils are a mixture of clays.  These are silicate materials, similar to granite.  Other soils are sandy and contain limestone, which is a carbonate, as is limestone.  Limestone is found frequently in the geology around southeastern Minnesota.  The chemical differences in soils surrounding lakes can be a factor in determining whether the lake remains neutral or becomes more acidic as a result of acid rain.  Bromocresol green is used as a pH indicator in this part of the experiment. Acid base indicators will change color at a given pH.  Bromocresol green changes from green in neutral solutions to yellow in acidic solutions.  In this part of the experiment you will prepare solutions with known geologic background and compare the buffering capacities.  

In lab pour 1mL of 0.1M HCl into a clean beaker and dilute to 100mL with distilled water.  Add 1mL bromocresol green indicator solution to the beaker and stir the mixture.  The solution should be yellow; if it is not, add drops of 0.1M HCl until it just becomes yellow.  


Next, weigh out 10g of granite chips into a 150mL beaker and weigh out 10g of limestone in another beaker.  You do not need to wash the limestone.  Add 50mL of the diluted HCl to the granite and 50mL of the diluted HCl to the limestone.  Stir the contents of the two beakers and observe.  The complete reaction may take as many as ten minutes to fully complete.  As the reaction is taking place, explain what you see.  Does this indicate to you that granite or limestone is better able to neutralize acid?  How is this consistent with your results earlier in the experiment?  How is this consistent with the map in Figure 1?
In this two week, five part lab you examined the effects of acids and, in some cases, base on natural waters and soils.  As you prepare your lab report, be sure to address the questions posed in each section.

Presentation Schedule:

For this lab, since it was a two week lab, all groups will present.

Group 1
Conclusion Week 2

Group 2
Background

Group 3
Purpose

Group 4
Results Week 1

Group 5
Conclusion Week 1

Group 6
Results Week 2
Figure 2:  Illustration of decanting and gravity filtration.  Note how the solid is as settled to the bottom as possible
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