

ENV 202


pH and Acid Rain


INTRODUCTION/BACKGROUND
The pH of a sample of water is actually a measure of the concentration of hydrogen ions. The term pH is derived from the way in which the hydrogen ion concentration is calculated. It is the negative logarithm of the hydrogen ion concentration (pH = -log [H+](moles/L)); so, the higher the pH, the fewer free hydrogen ions available. A change of pH by one unit reflects a tenfold change in the concentration of the hydrogen ions. The pH scale runs from 0 to 14 with 7 being neutral, less than 7 is considered acidic and more than 7 is basic. Typical solutions with a known pH are: lemon juice pH=~2, vinegar pH=3, milk pH=6.5, salt water pH= 8.5-10.5, ammonia pH= 12.
Acid precipitation has been a problem since its discovery in Scandinavia as early as the 1920s due to fish kills. The problem of acid rain is therefore not a new problem. Local New Yorker's may be familiar with the acidification of hundreds of lakes in the Adirondacks, some of which still remain fishless. As you may discover, acid precipitation remains a problem.

Acid rain occurs when emissions from the combustion of fossil fuels and other industrial processes undergo complex chemical reactions within the environment and fall to the earth as wet deposition (rain, snow, cloud, fog) or dry deposition (dry particles, gas). The most common pollutants responsible for acid rain are sulphur dioxide (SO2) and nitrogen oxides (NOx). Their sources are power plants and vehicle exhaust. When SO2 and NOx react with moisture in the atmosphere, sulphur dioxide (H2SO4 ) and nitric acids (HNO3) are formed, and are the primary agents of acid deposition.

Natural rainwater in equilibrium with atmospheric carbon dioxide has a pH of +/- 5.6. Rain and snow almost everywhere in the world has a pH lower than 5.6 and this includes our local precipitation. Certain areas of the world seem to have more of an acid rain problem than others. This is almost always associated with industrialization. However, local geology can be an important factor that influences pH. For example, why would the Adirondacks have hundreds of dead lakes while locally we do not see a problem (the Adirondacks are only ~4 hours away)? 


A variety of ecological, chemical, physical and human factors determine the vulnerability of an ecosystem to acid deposition: 

· Watershed bedrock composition: certain rocks, such as granite, weather slowly and do not produce neutralizing chemicals. Watersheds that contain these rocks are more vulnerable to acidification because the do not have what is known as a buffering capacity (ability of a solution to resist changes in pH when acids or bases are added; the buffering capacity of natural waters is mostly due to dissolved carbonate rocks).
· Land use history: Various management techniques, such as clear cutting, can change a forest ecosystem’s capacity to neutralize acid inputs.

· Disturbances: Insect defoliation, fires, and other types of disturbances can stress ecosystems making them less resilient to acidification

· Vegetation type: different plant species respond in different ways to acid deposition and also contribute differently to ecological processes that regulate acidification.
· Landscape features: Elevation, edges (the edge between a forest and a field), the presence or absence of vegetation, and the steepness and directional face of a slope all affect acidification.

· Soil depth: Shallow soils are often more sensitive to acidification than deep soils.

· Base nutrient reserves: elements such as calcium, potassium, and magnesium are base nutrients that help buffer acid inputs. Higher amounts of these nutrients increase an ecosystem’s capacity to neutralize acids.

· Respiration and photosynthetic processes: Respiration and bacteria form a weak acid that is absorbed by rainwater when it falls. Photosynthesis in waterways increases the pH by increasing the amount of O2 which in turn, removes CO2 from the water. The carbonate cycle is shown below and with the inclusion of either CO2 or O2 will drive the equation either right or left. 

CO2  + H2O            H2CO           H++ HCO3-1          2H + CO3 -2


Acid deposition may cause significant stress to lakes, streams, and forest ecosystems, especially to those at higher elevations. Acidification is classified in two forms:

· Episodic acidification is characterized by short intense acidic events. For example, winter snowmelt and heavy rains can deliver large loads of acid to ecosystems in a short period of time. These can have significant biological effects that include the loss of biodiversity and changes in community structure.

· Chronic acidification generally refers to streams, lakes, and soil ecosystems that have lost their ability to neutralize acidifying events. Base neutralizing chemicals buffer changes in ecosystem acidity. However, when ecosystems are exposed to excessive, long-term acid deposition these chemicals become depleted. This can make the system more vulnerable to episodic acidification events and may lead to chronic surface water acidity.

REGULATIONS

Since Congress passed the Clean Air Act Amendments (CAAA) in 1990, scientific understanding of acid precipitation has progressed rapidly. Is the act working? Sulfur dioxide emissions were reduced by 25% between 1990 and 1995, largely as a result of changes mandated by the 1990 CAAA. Emissions are projected to decline when the second phase of mandatory reductions begins in the new millennia. The atmospheric sulfur cycle is fairly simple and therefore, reduced sulfur emissions have reduced in declining sulfate deposition. However, low pH and acid rain are still problematic in many areas.
QUESTION


Although sulfur emissions have been reduced, there exists within the Brockport community, strong signs of acid deposition. The Brockport woods have shown signs of foliage damage in the spring along with local flora. It is still unclear as to the effect of pH on local streams, ponds and fauna. Shifts in storm patterns have been suggested to bring different pH values based on the source of the storm. Those storm events coming from the upper Canadian Shield versus those coming across Lake Erie versus those coming from the south may alter the pH significantly from one storm to another. Where did the last storm event come from? How many inches were precipitated? How would you determine if the pH were different from one storm to another?
ASSIGNMENT PART I.

It is your task to come up with a testable hypothesis regarding the pH of two samples of water taken from within the campus or town. You will then design and carry out an experiment that will test this hypothesis. Think about the information presented above and write down as many questions as you can think of regarding this issue. After you come up with a suitable hypothesis, you are free to go out into the campus and carry out your experiment. More than likely, this will be a descriptive study where you are testing the current state of the environment. It is unlikely, however not impossible, to do a manipulative study where you alter one or more treatments to determine how it will effect your independent variable. 

Speaking of treatments and variables, there are two different types of variables that we work with: the independent variable (IV) and the dependent variable (DV).  Treatments are variables that come under the control of the investigator and are called IV. Experiments may have more than one treatment or IVs. One treatment is kept at normal conditions and is used as a control. This control allows the experimenter to see what would happen if all other variables were kept constant. The DV is the variable for which a change resulting from the experimental manipulation is observed (this is sometimes called the response variable).  Replication should occur in any experimental design. This removes potential biases or error in sampling. When graphing results, the IV is always the x-axis and the DV is the y-axis showing a change in x relates to a change in y. 

For example, say you start to notice the ill-effects of road salt on roadside grasses. What would be an appropriate hypothesis to test the effect of road salt on grasses? Describe both a manipulative and a descriptive study- how would you set these up?

What would be your treatment variables?

Why would it be important to replicate your treatments?

What would be the DV for each study?

How would you set-up a graph for this study? 
NOTE:
When collecting any data in the field, you should design a data sheet including a simple sketch of what is being done. Items commonly included on a data sheet are the time, date, any measurements, location, a place for notes, and any other pertinent information for your study. Data sheets ensure that no information is forgotten and that all samples have a uniform set of information. After a couple of weeks, it is impossible to remember everything about your samples so write it down. Be sure that all sample containers are specifically labeled as to what sample it is so it will not be confused with another sample later.

ASSIGNMENT PART II.
Answer the following questions based on your experimental testing or from internet references and searches.
1. What is the hypothesis you are testing?

2. How will you test this hypothesis?

3. Describe both in text and graphically the results of your test.

4. Describe the overriding ecological, chemical, physical and human factors that dominate your collection site (refer to 8 examples above).

5. Did you see a variation in your results?  If so, explain the variation.
6. How would you improve your experimental design if you could repeat this test?

7. What long term monitoring could be done to further support your hypothesis?

8. Where did the last storm event come from (which way was the wind blowing)?

i. Is this area dominated by industry?

9. Can you explain the difference in pH between western NY and the Adirondacks?

10. Do you think the acidity found in this area is due to episodic acidification or chronic acidification and why? 

11. Do you think that current regulations are working to reduce the amount of acid deposition?


i. One Pro regulations:

ii. One Con regulations:

12. What can be done to decrease acid deposition?
Some references that might be handy for this lab

Acid rain in the Adirondacks:

http://classes.colgate.edu/aleventer/geol101/acidadir/acid14.htm
EPA progress report:

http://www.epa.gov/airmarkets/cmprpt/arp04/index.html
National Campaign against dirty power:
http://cta.policy.net/relatives/18480.pdf
http://cta.policy.net/acidrain/?PROACTIVE_ID=cecfcfc8cbc7c8c6cac5cecfcfcfc5cececacfcfc9c7cacbcac5cf
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