Date:  January 24, 2004

Re:  Bioremediation of nitrate assessment 

Hog Farm Ithaca is having problems dealing with their waste disposal. They have been storing hog manure in treatment lagoons, but they recently discovered that nitrate pollution has leaked into the groundwater. Hog Farm Ithaca is facing fines for violating state and federal regulations and they are requesting your help to solve this problem.

Groundwater in the vicinity of Hog Farm Ithaca has been sampled and concentrations of nitrate between 100 and 150 ppm NO3-N have been measured. This exceeds the maximum contaminant level (MCL) of 10 ppm NO3-N according to the Environmental Protection Agency (EPA). Hog Farm Ithaca requests that you conduct research on the soil and water in the region to assess if bioremediation can solve this problem.

Please report your results in a letter. Include a brief description of your experimental procedure, your results in the form of graphs, and your recommendations to the farmer.

… the following pages will guide you through designing and conducting investigations to address this issue.

Bioremediation of Nitrate in Groundwater 

Bioremediation of contaminated groundwater is a relatively new technology that uses bacteria to transform pollutants into harmless compounds. You will conduct an experiment that will assess if bioremediation can remove nitrate from water.  The first step an engineer makes when trying to bioremediate a polluted site is to assess if pollution-eating bacteria live at the site and what these bacteria would need to remove the contaminants that are present.  This can be done in a laboratory by building microcosms, which can be as simple as jars that contain a sample of contaminated soil and water.

Groundwater pollution

Groundwater is a major water resource both for drinking water and agriculture. Groundwater quality has been deteriorating since the industrial revolution and has become a major environmental concern. Dangerous organic chemicals along with heavy metals and nitrogenous pollution have made their way into water that is stored under the ground throughout the world. Many of these chemicals pose risks for human health and are regulated by the Environmental Protection Agency. As drinking water sources become scarcer throughout the world, there is a need to improve groundwater clean up technologies.

Nitrate pollution

Nitrate pollution is a result of agricultural practices such as excessive fertilizer application and improper disposal of manure. Nitrate is regulated by the Environmental Protection Agency with a maximum contaminant level (MCL) of 10 ppm N-NO3. Toxic levels of nitrate (~ 100 ppm N-NO3) can cause methemoglobinemia (“blue baby syndrome”) in infants. Blue baby syndrome can cause babies to die from suffocation.

Groundwater remediation

Groundwater contaminants can be removed by pumping water out of the ground, treating the water above ground, and returning the water to the subsurface. In many instances this has been shown to be expensive and inefficient. Bioremediation is a relatively new technology that removes various pollutants from groundwater without pumping it out of the ground.  Bioremediation takes advantage of microbial metabolism. Engineered bioremediation requires addition of nutrients and/or electron donors or acceptors. These chemicals are necessary to stimulate bacteria that are present at contaminated sites to remove groundwater pollutants. Nutrients are substances that bacteria and other live organisms require to build cells, such as nitrogen and phosphorous. Electron donors and acceptors are required for organisms to produce energy and conduct metabolism.

Bioremediation of nitrate
Pseudomonas are bacteria that can degrade nitrate into nitrogen gas (thus removing nitrate from water). For nitrate removal, Pseudomonas require dissolved oxygen (DO) levels less than 0.5 ppm, and in addition to that they need a carbon source. Just like humans breathe oxygen and eat various carbon sources (such as sugar) and form carbon dioxide, Pseudomonas breath nitrate (when there is no oxygen present), consume and break down carbon sources such as sugars. During this process they transform nitrate into nitrogen gas, which leaves the water in the form of bubbles.

Sometimes there is enough organic matter in soil to meet the carbon needs of Pseudomonas, but in order to remove large amounts of nitrate carbon usually must be added. Two inexpensive carbon sources that we could use are vinegar (acetic acid) and table sugar (sucrose). We do not know which one Pseudomonas prefer, or in other words which carbon source will lead to more effective nitrate removal. Bacteria also require additional nutrients which we will assume are found in the soil samples that we will use to build the microcosms. Microcosms will be constructed in jars and will contain soil and water polluted with nitrate.

How would you assess if bioremediation is a good solution to clean up a site polluted with nitrate? Try to design a laboratory experiment that would investigate the effect of adding a carbon source like vinegar or sugar to groundwater microcosms. Environmental engineers use what they call microcosms, which are jars that contain a sample of soil and water from a groundwater site, to see if bioremediation is a good option for a given polluted site. You will have jars, water polluted with nitrate, soil that hopefully contains Pseudomonas bacteria (one ting that we will be investigating) and trace minerals that these bacteria require. We will monitor nitrate with a LaMotte test kit.

Use the following questions to help you design an experiment to assess bioremediation of nitrate.

1. What are some questions you could answer with this experiment?

2. What is your hypothesis?

3. How many microcosm bottles would you set up? 

4. Could you have control?

5. Would all the bottles contain a carbon source?

Below are directions for such an experiment. You (together with your teacher) can modify the experimental design with ideas you came up with.

List of materials 

· 10 250 ml bottles with lids (students can work in pairs and “take care” of any number of bottles)

· 2.5 liter of “polluted water,” with nitrate concentration of 100 mg/L NO3-N 

· 1.5 kg soil (assume that the soil contains Pseudomonas)
· Sugar

· Apple cider vinegar

· LaMotte nitrate test kit

· DO probe or test kit

· pH probe or test kit

· Beakers

Procedure (list of steps) 

1.  Using 4 beakers add the amounts of sugar or vinegar listed below to 0.5 L of nitrate-polluted water provided to you by your teacher.

	Label
	Amount of carbon source
	Volume of water
	Concentration 

	High Sugar
	0.75 grams sugar
	0.5 L
	                                                                                                                    Nn                 mg/L

	Low Sugar
	0.375 grams sugar
	0.5 L
	                                                                             M                   mg/L

	High Vinegar
	15 mL apple cider vinegar
	0.5 L
	                                        Bbb                mL/L

	Low Vinegar
	7.5 mL apple cider vinegar
	0.5 L
	                                     Bb                  mL/L


2.  Weigh out 100 grams of soil and put into 250 mL jar. Repeat for each of the ten 250 mL jars.

3.  Label two- 250 mL jars “high vinegar”, label two- 250 mL jars “low vinegar”, and label two- 250 mL jars “no carbon source” 
4.  Add 100 mL of the appropriate nitrate polluted carbon-water solution? to each jar (i.e. put nitrate polluted water with “high sugar” into “high sugar” jar etc.). Keep lids on jars.

5.  On day 1 measure dissolved oxygen, pH, and nitrate (according to directions given in the Lamotte test kit). In order to measure nitrate you will have to dilute your sample by 1/10 by mixing 0.5 mL of sample with 4.5 mL of distilled water. Record your data in data table.

6.  On day 2 and every day thereafter measure nitrate, pH, and dissolved oxygen, and record in the following data table.

7.  Try to keep the cap off the bottle for as little time as possible in order to minimize the entrance of oxygen into the bottles.

8.  When all the nitrate is gone or more than 10 days have passed, take final pH and dissolved oxygen measurements.

Data Analysis

Each group needs to create a spreadsheet in Excel (or other spreadsheet program) with the following columns: Day, Time of Day, Time from Zero, Nitrate (ppm NO3-N). 

Data Table

	Date
	Time of Day
	Time from Zero
	Nitrate
	DO
	pH
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	(ppm NO3-N)
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Graph ‘Nitrate Concentration’ versus ‘Time from Zero’ (Time on the X axis and Nitrate on the Y axis). Graph the duplicates of each treatment (high sugar, low sugar, high vinegar, low vinegar, no carbon source) on one graph each giving you a total of 5 graphs. Label your graphs with a title (such as High Sugar, Low Sugar…). Label the X axis as Time (hours) and the y axis as Nitrate (ppm NO3-N).

After you create these 5 graphs paste them all on one page so you can compare them to each other and answer the conclusion questions.

Answer the following questions based on your graphs.
1. Can you see any difference in nitrate removal in the microcosms that used vinegar and those that used sugar?

2. Was there a difference in nitrate removal in the control microcosms versus the vinegar and sugar microcosms?

3. Did the level (high or low) of sugar and vinegar affect nitrate removal in the microcosms?

4.  Was biological denitrification more successful using sugar or vinegar or with no carbon source?

5. Do you expect the graph of the same treatment to look the same? Why?

6. Do the graphs of the same treatment look the same? Why?

7. Was there a difference in dissolved oxygen levels in each treatment from the first day to the last day of the experiment?  Try to explain.

8. Was there a difference in pH level in each treatment from the first day to the last day of the experiment?  Try to explain.

Once you have answered the above questions write a letter to the pig farmer who requested the study. Assume that both the soil and the polluted water you used in your experiment came from the farmer’s site. Assume that what occurred during this laboratory experiment can occur underground.  (But try to think of how conditions at the site may be different from laboratory conditions.  Include your graphs and use them to explain to the farmer why or why not you think bioremediation would work at this site, and if the farmer would need to add vinegar or sugar. Make some suggestions to the farmer about what may be needed in order to clean up his site with bacteria that are present in the soil.  If you think that more experiments should be conducted before an actual clean up (including on site experiments) state this.

This material was developed through the Cornell Science Inquiry Partnership program (http://csip.cornell.edu), with support from the National Science Foundation’s Graduate Teaching Fellows in K-12 Education (GK-12) program (DGE # 0231913 and # 9979516) and Cornell University. Any opinions, findings, and conclusions or recommendations expressed in this material are those of the author(s) and do not necessarily reflect the views of the NSF.
