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Abstract

The goal of this investigation is to determine if there is any correlation between the quantity of Miracle-Gro and the growth of Nannochloropsis salina.  The investigation is attempting to discover the optimal amount of Miracle-Gro for growth, as well as determining the existence and level of a toxic threshold of Miracle-Gro.  It has been determined by multiple investigations, including one by the UNH Biodiesel Group, that algae produces approximately 550% more gallons of oil per acre per year than corn does.  This would make algae a much more productive source of biodiesel than corn or other crops, if a more cost-effective way could be found for growing it.  Theoretically, as the amount of algae grown increases, so will the amount of biodiesel-applicable lipids found in the algae.  This is why possible ways of increasing the amount of Nannochloropsis salina that is grown from one culture are being investigated.  In this experiment, Miracle-Gro was placed in samples of Nannochloropsis salina in increasing increments of 1 mL, with 0.139 mL of Miracle-Gro acting as our control group.  All of the samples were placed under a steady incandescent light, and exposed to air equally inside of a fume hood.  The data produced by this experiment demonstrates little to no correlation between the amount of Miracle-Gro and the growth of the algae.  However, there were multiple hindering factors that had an impact on our results.  Further experiments need to be done to confirm or deny the lack of correlation that was observed here.

Introduction


The purpose of this investigation was to determine whether or not there was a correlation between the amount of Miracle-Gro fertilizer that was added to the Nannochloropsis salina and the measured growth of the algae.  In doing this, it will be determined whether or not adding different amounts of Miracle-Gro to algae will increase the algae’s growth rate, creating more extractable biomass for biodiesel production.  It will also determine whether or not Nannochloropsis salina has a toxic threshold for Miracle-Gro.



There are many issues in the world today dealing with our environment.  A large problem is the rate at which we are consuming fossil fuels, and how that consumption is affecting our environment.  This is not only important because of the carbon dioxide emissions created by burning those fossil fuels, but also because our supply of fossil fuels is quickly diminishing.  One of the most logical and technologically feasible solutions for this problem is bio-diesel.  Bio-diesel is the diesel equivalent of processed fuel, but derived from biological sources (such as vegetable oils), which can be used in unmodified diesel-engine vehicles.  This is what makes bio-diesel so desirable, as straight vegetable oils and waste vegetable oils both have to have modified diesel engines to function properly.


Bio-diesel can be made from multiple sources, including corn, soy, and other food crops.  The bad thing about this is that you cannot eat a food crop once bio-diesel has been extracted from it.  Fortunately, algae can also be used to extract bio-diesel, and algae is not a food crop like corn.  In fact, algae is not only desirable in this way, it also has a lipid concentration of about 500% more than the food crops such as corn and soy(http://www.unh.edu/p2/biodiesel/article_alge.html).  Other benefits of using algae as a source of bio-diesel are that algae is relatively easy to grow.  Depending on the type of algae you are growing, it can either grow in salt water, fresh water, or even both.  Algal crops are relatively low maintenance, as they require nutrient injections, sunshine, heat, and shallow water.  Also, they do not produce as much waste after the extraction process as the crops like corn do.  All of these factors make deserts, most of which are currently unused land, almost perfect places to grow algae.


It remains to be seen if there are any ways of reducing the cost of growing algae.  As low-cost as it already is, it can always cost less.  The main ways of reducing the growing cost of algae are to develop new extraction technology, or to find ways to grow algae faster.  Since developing new extraction technology is far beyond the means of a high-school chemistry project, my partner and I have decided to look into possible ways to increase the growth of algae.  As was mentioned above, algae requires a few things:  nutrients, air, water, and light.  Our particular project will be focused on the nutrient aspect of algal growth.


Miracle-Gro, the nutrient supplement we will be using in the experiment, is a gardening supply proven to increase the growth of most plants.  It is made up of nitrogen, phosphates, potash, boron, copper, iron, manganese, molybdenum, and zinc.  It is also water soluble, which makes for easy sterilization (something the algae will need in order to not have a culture crash).  Some alternatives to Miracle-Gro were Nu Salts and a mixture that the aquarium uses, but the Nu Salts available for this research were far past their expiration date and the ingredients to the aquarium mixture were unavailable.


Nannochloropsis salina, the algae that we will be testing, is a very useful algae for bio-diesel production.  It can be grown in either freshwater or saltwater, and is fairly difficult to kill.  While most algae are highly susceptible to culture crashes (when all the algae in a culture dies suddenly), and need drastic measures to sterilize all the materials that will be coming into contact with them, Nannochloropsis salina is much more hardy.  It also has a relatively high lipid concentration compared to other algae.


If we could demonstrate that Miracle-Gro has a positive effect on the growth of algae, we would have presented a viable cost-reducing method for growing algae.  If we can prove that Miracle-Gro has a negative effect on the growth of algae, we will have similarly demonstrated a nutrient that you want to stay away from when growing algae.  Even if we demonstrate that Miracle-Gro has no correlation with algae growth, we will have limited the cost by warning scientists not to spend their money buying Miracle-Gro to try to help algal growth.


Our hypothesis is that increasing the amounts of Miracle-Gro added to the algae will increase the algae’s growth.  In addition, it is believed that eventually the algae will reach a toxic threshold where adding more Miracle-Gro will stunt the algae’s growth, instead of increasing it.

Methods
Materials:


The following is a list of the materials that were used in this experiment.  You might want to include extras of the breakable items, such as beakers and stirring rods, as it is fairly easy to break these items while completing the sterilization process.

•  4 pairs of nitrile gloves

•  2 pairs of safety goggles

•  bleach

•  6% hydrochloric acid

•  2 large plastic tubs (able to fit into a sink)

•  1 large glass container (3 gallons or more)

•  11 stirring rods

•  pH paper

•  sodium carbonate

•  distilled water

•  paper towels

•  3 stands (bases with metal rods)

•  3 light clamps

•  3 incandescent lamps

•  1 ruler

•  Instant Ocean sea salts

•  1 Autoclave

•  13 beakers (200 mL)

•  24 sterilized cotton swabs

•  1 Nannochloropsis salina culture starter petri dish

•  1 graduated cylinders (200 mL)

•  1 drying oven

•  1 milliliter pipette

•  1 microliter pipette

•  30 sterilized microliter pipette tips

•  1 fume hood

•  12 small squares of wax paper

•  1 colorimeter

•  1 Vernier LabPro

•  Connector cords for LabPro

•  1 laptop

•  10 colorimeter test tubes

•  1 permanent marker

•  1 roll of masking tape

•  1 micowave

•  5 gallon container

Sterilization Procedure (small items)

1.  Get out nitrile gloves.

2.  Tie up any hanging hair.

3.  Put on safety goggles.

4.  Put on nitrile gloves.

5.  Gather the container of bleach, the container of 6% hydrochloric acid, what you are going to sterilize, two large plastic tubs, a large glass container, a stirring rod, your pH paper, and your sodium carbonate.

6.  Rinse the items you are sterilizing with tapwater to remove visible dirt.

7.  Place one of the large plastic tubs in a sink.

8.  Fill the large plastic tub about halfway full of bleach.

9.  Place the item(s) you are sterilizing inside of the tub full of bleach, and stir the bleach with them.

10.  Make sure to submerge all of the sterilized item in the bleach.

11.  After submerging the sterilized item for 1 minute, take it out and have an assistant (with gloves on) hold it.

12.  Empty the tub of bleach down the sink, and rinse out the tub.

13.  Place the second, unused tub in the sink.

14.  Fill the tub about a quarter full of 6% hydrochloric acid.

15.  Place the item you are sterilizing inside of the tub full of acid, and stir the acid with them.

16.  Make sure to submerge all of the sterilized item in the acid.

17.  After submerging the sterilized item for 1 minute, take it out and place it in a sterilized beaker in the heater to dry.

18.  Pour the hydrochloric acid from the plastic tub into the glass container.

19.  Add water to the glass container until you have a ratio of 10 parts water to 1 part hydrochloric acid.

20.  Pour 20 mL of sodium carbonate into the glass container.

21.  Stir the mixture with a stirring rod.

22.  Check the pH of the solution with pH paper.

23.  If the pH is not neutral, repeat steps 20 - 22 until it is neutral.

24.  When the solution’s pH is neutral, pour it down the sink.

25.  Rinse out all of the plastic tubs and glass containers.

26.  Take off your gloves and dispose of them, being careful not to touch the glove surface.

Sterilization Procedure (beakers, graduated cylinders, etc.)

1.  Get out nitrile gloves.

2.  Tie up any hanging hair.

3.  Put on safety goggles.

4.  Put on nitrile gloves.

5.  Gather the container of bleach, the container of 6% hydrochloric acid, what you are going to sterilize, one large plastic tubs, a large glass container, a stirring rod, your pH paper, and your sodium carbonate.

6.  Spread paper towels over a counter next to your work area.

7.  Rinse the items you are sterilizing with tapwater to remove visible dirt.

8.  Fill one of the items with bleach.

9.  Swirl the bleach around in the item.

10.  Pour the bleach from one item to the next.

11.  Swirl the bleach around in the new item.

12.  Pour the bleach back into the first item.

13.  Swirl the bleach around in the item.

14.  Pour the bleach into the second item.

15.  Put the first item on the paper toweling.

16.  Swirl the bleach around in the second item.

17.  Repeat steps 8 - 16 until you have swirled the bleach in the last item.

18.  Pour the bleach out of the last item into the sink.

19.  Place a plastic tub in the bottom of the sink.

20.  Fill one of the items with 6% hydrochloric acid.

21.  Swirl the acid around in the item.

22.  Pour the acid from one item to the next.

23.  Swirl the acid around in the new item.

24.  Pour the acid back into the first item.

25.  Swirl the acid around in the item.

26.  Pour the acid into the second item.

27.  Put the first item on the paper toweling.

28.  Repeat steps 20 - 27 until you have swirled the acid in the last item.

29.  Pour the acid out of the last item into the plastic tub.

30.  Place the last item on the paper toweling.

31.  Pour the hydrochloric acid from the tub into the glass container.

32.  Add water to the glass container until you have a ratio of 10 parts water to 1 part hydrochloric acid.

33.  Pour 20 mL of sodium carbonate into the glass container.

34.  Stir the mixture with a stirring rod.

35.  Check the pH of the solution with pH paper.

36.  If the pH is not neutral, repeat steps 33 - 35 until it is neutral.

37.  When the solution’s pH is neutral, pour it down the sink.

38.  Rinse out all of the plastic tubs and glass containers.

39.  Transfer the sterilized items to the heater to dry.

40.  Take off your gloves and dispose of them, being careful not to touch the glove surface.

Algae Cultivation Procedure

1.  Place your two stands at opposite ends of the fume hood.

2.  Attach a light clamp to each stand.

3.  Place an incandescent bulb inside of each clamp.

4.  Place an empty beaker underneath the incandescent bulb.

5.  Raise/lower the light clamp until the bulb is 381 mm above the beaker.

6.  Remove the beaker.

7.  Measure out 11.34 liters of distilled water into the sterilized 5-gallon container.

8.  Measure out 405.85 grams of Instant Ocean sea salts.

9.  Pour the Instant Ocean sea salt into the water.

10.  Stir the mixture for 5 minutes with a sterilized stirring rod.

11.  Autoclave the seawater.

12.  Label two of your sterilized beakers “Pre-Growth A” and “Pre-Growth B.”  (One is a back-up beaker in case of contamination.)
13.  Fill the two beakers with 200 mL of seawater.

14.  Cut the agar plate in the algae petri dish in half with a sterilized scalpel.

15.  Place one half of the agar plate in each sterilized beaker.

16.  Place your two beakers under a light stand.

17.  Turn on the incandescent bulb.

18.  Let the algae start growing for one day.

19.  Label 10 of your sterilized beakers 0-9.

20.  Pour 150 mL of sterilized seawater into each beaker.

21.  With a sterilized cotton swab, swab algae from “Pre-Growth A” into beaker 0.

22.  With a different sterilized cotton swab, swab algae from “Pre-Growth A” into beaker 1.

23.  Repeat step 22 changing the cotton swab and the beaker you are swabbing into each time, until you have swabbed algae into all of the beakers.

24.  Fill a graduated cylinder or beaker with 177.44 mL of sterilized seawater.

25.  Add .5 mL of Miracle-Gro crystals to the seawater.

26.  Stir the solution with a sterilized stirring rod until the crystals are dissolved.

27.  Place a sterilized tip onto the microliter pipette.

28.  Add .1395 mL of liquid Miracle-Gro to beaker 0.

29.  Dispose of the used pipette tip.

30.  Place a new sterilized tip onto the microliter pipette.

31.  Repeat steps 27 - 30 until you have added .1395 mL of liquid Miracle-Gro to beakers 0-9.

32.  Using a sterilized pipette, add x mL of liquid Miracle-Gro to each test beaker, where x is the number that the beaker is labeled with (example:  0 mL in beaker 0, 5 mL in beaker 5).

33.  Arrange the test beakers in two groups of six under each light set-up in the fume hood.

34.  Turn the incandescent lights on.

35.  Poke holes in sterilized wax paper.

36.  Cover the beakers with the sterilized wax paper.

37.  Every day after the initial Miracle-Gro addition, remove the sterilized wax paper from the top of the beakers and stir the algae for one minute with a sterilized stirring rod.

38.  A week after the initial Miracle-Gro addition, repeat steps 24 - 32 to replenish the algae’s nutrients.

39.  Two weeks after the initial Miracle-Gro addition, repeat steps 24 - 32 to replenish the algae’s nutrients.

Data Collection

1.  Remove your algae test beakers from the fume hood, and set them on the counter away from your colorimeter.

2.  Plug your colorimeter into your Vernier LabPro.

3.  Switch your colorimeter to the green light setting.

4.  Plug your Vernier LabPro into a power outlet.

5.  Plug your Vernier LabPro into a laptop computer.

6.  Turn on your laptop computer.

7.  Open up the LoggerPro software.

8.  Fill a sterilized beaker with distilled water.

9.  Microwave the beaker until the water is boiling.

10.  Take the test tube out of the colorimeter.

11.  Rinse the test tube out with the boiling distilled water.

12.  Using a milliliter pipette, fill the test tube with a water sample from the first beaker.

13.  Place the test tube inside the colorimeter.

14.  Collect data with the LoggerPro software until you have 24 seconds worth of data.

15.  Average your transmittance and absorbance values.

16.  Record your transmittance and absorbance values.

17.  Remove the test tube from the colorimeter.

18.  Dump your algae out.

19.  Repeat steps 11 - 18 until you have five values for transmittance and absorbance recorded.

20.  Take the average of your transmittance and absorbance values for your first beaker and record them.

21.  Repeat steps 11 - 19 with your other nine beakers.

22.  You should now have twelve values recorded for each beaker:  five values of transmittance, five values of absorbance, and an average of each category.

Results
In this experiment, we were looking for a correlation between the amount of Miracle-Gro that was added to the algae and the growth of the algae.  We found little to no correlation in our data.  The r2 value of the regression of our algae’s transmittance of green light was 0.102, and the r2 value of the regression of our algae’s absorbance of green light was 0.057.  Our actual data tables, averages, graphs, and regressions are below. 

	
	Beaker 1
	

	Test Number
	Transmittance
	Absorbance

	1
	67.49
	0.176

	2
	58.08
	0.181

	3
	67.83
	0.166

	4
	66.52
	0.167

	5
	66.59
	0.167


	
	Beaker 2
	

	Test Number
	Transmittance
	Absorbance

	1
	68.18
	0.166

	2
	64.11
	0.193

	3
	63.82
	0.195

	4
	67.37
	0.172

	5
	65.99
	0.181


	
	Beaker 3
	

	Test Number
	Transmittance
	Absorbance

	1
	67.48
	0.171

	2
	68.13
	0.167

	3
	66.02
	0.180

	4
	67.88
	0.168

	5
	69.76
	0.157


	
	Beaker 4
	

	Test Number
	Transmittance
	Absorbance

	1
	69.60
	0.157

	2
	71.30
	0.147

	3
	70.81
	0.15

	4
	71.98
	0.143

	5
	73.02
	0.137


	
	Beaker 5
	

	Test Number
	Transmittance
	Absorbance

	1
	57.58
	0.24

	2
	58.01
	0.237

	3
	57.28
	0.242

	4
	50.48
	0.297

	5
	51.30
	0.290


	
	Beaker 6
	

	Test Number
	Transmittance
	Absorbance

	1
	66.76
	0.171

	2
	65.83
	0.167

	3
	68.16
	0.169

	4
	68.13
	0.177

	5
	68.13
	0.177


	
	Beaker 7
	

	Test Number
	Transmittance
	Absorbance

	1
	69.15
	0.177

	2
	69.41
	0.171

	3
	67.39
	0.161

	4
	66.79
	0.156

	5
	68.09
	0.125


	
	Beaker 8
	

	Test Number
	Transmittance
	Absorbance

	1
	66.47
	0.159

	2
	67.42
	0.159

	3
	68.96
	0.172

	4
	69.76
	0.175

	5
	72.25
	0.167


	
	Beaker 9
	

	Test Number
	Transmittance
	Absorbance

	1
	69.34
	0.142

	2
	69.36
	0.136

	3
	70.08
	0.155

	4
	69.36
	0.149

	5
	70.16
	0.158


	
	Beaker 10
	

	Test Number
	Transmittance
	Absorbance

	1
	69.43
	0.154

	2
	69.92
	0.154

	3
	70.95
	0.159

	4
	72.14
	0.159

	5
	73.13
	0.159


	
	Average Table
	

	Beaker Number
	Average Transmittance
	Average Absorbance

	1
	65.30
	0.171

	2
	65.89
	0.181

	3
	67.85
	0.169

	4
	71.34
	0.147

	5
	54.93
	0.261

	6
	63.87
	0.172

	7
	68.17
	0.158

	8
	68.97
	0.166

	9
	69.66
	0.148

	10
	71.11
	0.157


	Regression of Transmittance
	

	Regression Statistics

	Multiple R
	0.319872654

	R Square
	0.102318515

	Adjusted R Square
	-0.00989167

	Standard Error
	4.825689761

	Observations
	10


	Regression of Absorbance
	

	Regression Statistics

	Multiple R
	0.23971667

	R Square
	0.057464082

	Adjusted R Square
	-0.060352908

	Standard Error
	0.033735917

	Observations
	10
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The algae in this experiment was grown over the course of two weeks.  Nutrients were added on the first day after the algae had started its growth outside of the culture sample.  Nutrients were then added again one and two weeks after the first addition.  The data was taken the day after the third addition of nutrients, two weeks and a day after the algae had started growing.
Discussion


As was shown very plainly in the results section above, almost no correlation was shown in this experiment between the amount of Miracle-Gro that was added to the algae and the actual growth of the algae.  From the graphs and the regression charts, one would assume that Miracle-Gro has no affect on algal growth.  Unfortunately, this experiment does not provide conclusive evidence one way or the other.  There were quite a few possibilities for error that would have severely disturbed the results.


First of all, there is a definite possibility that the algae did not have enough time to grow.  If more than two weeks had been given to the algae, more of a difference in growth between the beakers might have been observed.  The experiment would have been started earlier, but a few things intervened.  First, we had to change our topic three or four times to narrow down our focus and improve our observance of the scientific method.  Second, our first algae culture had died in storage, and we had to wait for the new culture to be ordered.  Third, we could not start growing right away, because more equipment than we knew of needed to be sterilized before the experiment could start.


Another possibility for false data is contamination.  This could have occurred in a number of different ways.  One possible source of contamination is the equipment that was used.  The sterilization process, while tedious, was not necessarily thorough enough to remove all of the contaminants.  Also, contaminants could have gotten into the algae inside of the fume hood, or attached themselves to the equipment after it had been sterilized.  Another possible source of contamination came from the early stages of algae cultivation.  Before we transferred the algae from its original Petri dish into the initial cultivation beakers, the Petri dish cracked.  There is a possibility that contaminants could have been introduced through that crack.


Yet a third possibility for skewed data is the actual growth process.  There was not a direct CO2 line piped into our algae like there was in our sister group.  The algae was stirred once each day, but that is not nearly the same as having CO2 pumped directly into the beakers continuously.  Algae thrives in slightly agitated water with high concentrations of CO2.  These are two factors that were not provided in this experiment, and two factors that might have influenced the growth of the algae.


In the future, if this study were to be repeated, it would be advisable to leave a much longer time for algal growth, pump a continuous CO2 line into the algae, and do a more laboratory-quality job of sterilizing all of the equipment.  It would be interesting to see if algae grown to fruition with optimal conditions and the Miracle-Gro variable used in this experiment would still demonstrate no correlation between the Miracle-Gro and the growth, or whether a correlation would be observed.  It would also be of interest to determine if a different type of nutrients would produce a correlation with the algal growth. 
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