Can Agricultural Runoff Cause HABs?
Effect of Nitrate Concentrations on Algal Growth

News article from October 20, 2000



Red tides (algae) bloomed late this summer along a 300-mile stretch of Texas' Gulf Coast, killing millions of fish and shellfish as well as making some people sick. State officials are calling this the worst red tide bloom in 14 years. The algae produce a poison that paralyzes fish and prevents them from breathing. There is concern that the deadly algae could impact or even wipe out this year's oyster harvest in Texas, which usually peaks during the Thanksgiving and Christmas holidays. 

The red tides were first observed off the Texas coast in mid-August and have been growing steadily in size ever since. Red tides tend to bloom and subside rapidly, depending upon changes in wind speed and direction, water temperature, salinity, and rainfall patterns (as the algae doesn't do as well in fresher water). 

This true-color image of the Texas Gulf Coast was acquired on September 29, 2000, by the Moderate-resolution Imaging Spectroradiometer (MODIS) flying aboard NASA's Terra spacecraft. The red tide can be seen as the dark reddish discoloration in the ocean running southwest to northeast along the coast. In this scene, the bloom appears to be concentrated north and east of Corpus Christi, just off Matagorda Island. The image was made at 500-meter resolution using a combination of MODIS' visible bands 1 (red), 4 (green), and 3 (blue). 

The city of Houston can be seen clearly as the large, grayish cluster of pixels to the north and west of Galveston Bay, which is about mid-way up the coastline in this image. Also visible in this image are plumes of smoke, perhaps wildfires, both to the north and northeast of Houston. 
For more information about red tides, refer to the Texas Red Tide Website. 
http://earthobservatory.nasa.gov/IOTD/view.php?id=893
What are Algae?

Algae are a diverse group of organisms that include protists, plants and bacteria.  They are simple unicellular or multicellular photosynthetic organisms that can live in both freshwater and saltwater environments.  In the open ocean they form the primary autotrophic level of the oceanic food web.  According to some scientists, algae is responsible for 87% of the planets oxygen production.  There are many different species of algae but they are divided into two distinct groups: eukaryotic and prokaryotic algae.  Eukaryotic algae are part of a diverse group of organisms that fall into the kingdoms Plantae and Protista.  Prokaryotic algae are a type of bacteria that are classified in the kingdom, Eubacteria. This means that not all algae are plants… some are bacteria! 
What do Algae need to Survive?
Algae need sunlight and a nutrient rich environment in order to survive. They get their green appearance from the chlorophyll pigment that absorbs the sunlight in order to produce ATP (energy). However, algae also consume inorganic molecules called nitrates in order to produce energy.   
What are HABs?
Harmful algae blooms are often referred to as HABs.  There is not a clear cut definition of HABs because it is more of a societal term.  Algal blooms occur all of the time in all parts of the world but are not considered harmful unless they cause detrimental effects to economies.
HABs are often referred to as red tides because they discolor the water.  It does not have to be red.  It may also be green, yellow or brown.  The most common type of organisms that cause red tides are protists called dinoflagellates.
Red tides are not always harmful.  They can be classified as “high biomass” HABs or “toxic” HABs.  Only the toxic HABs are actually harmful.  HABs that produce toxins can be extremely dangerous since the toxins can cause respiratory problems, skin irritation, paralytic shellfish poisoning, and amnesic shellfish poisoning.
What causes HABs?
According to recent studies, HABs appear to be increasing nationwide.  A recent study estimated that the average annual impact of HABs nationwide was 49 million dollars but sometimes a single event may cause more of a loss than that.  Natural events such as storms and warmer waters and human activities contribute to the increase in HABs.  One possible human cause is the introduction of nutrients into the bays and estuaries.  These nutrients increases are usually attributed to agricultural runoff which increases the nitrate concentration in these bodies of water.
[image: image2.jpg]Green Algae

ek Brush Algas

[ e A
A

e Red Algae
HairAlgae



What are Nitrates?
Compounds containing NO3- ions are often just referred to as nitrates.  This is due to the fact that most nitrate compounds are soluble in water and the nitrate ions are release into the solution.  The presence of nitrates in the soil is very important to plants since it is from these compounds that plants obtain nitrogen for growth.   Bacteria in the soil are responsible for “fixing” nitrogen gas in the atmosphere into nitrogen compounds in the soil.   Nitrogen compounds are necessary for plant growth and therefore are a major component of fertilizers.  Because of the widespread use of artificial fertilizers, nitrates have contaminated both ground and surface waters in many agricultural areas.  Algae can also use these nitrates for nutrients and it has been proposed by many scientists that some harmful algae blooms may be due to the increase of nitrates into bodies of water, especially into estuaries.

Nitrate concentrations may be measured by using a simple water test kit.  The kit uses an oxidation-reduction reaction where nitrate is reduced into nitrite.  The half reaction is as follows:

NO3 - + 2e- →NO2-
The nitrite is then goes through a series of reactions which eventually causes a red-orange color to be produced.  The solution can then be placed in a spectrophotometer to determine nitrate concentration.

It may be possible to determine if nitrates affect algal growth by adding an artificial fertilizer to a sample of algae.  As the algae reproduce, the nitrate concentration in the fertilizer solution should decrease as the algae utilize the fertilizer.  This experiment will be conducted using previously prepared blue-green algae cultures (non-toxic Eukaryotic algae)  containing a range of concentrations of Miracle Grow plant fertilizer, then  measuring nitrate concentrations over time.

Can Agricultural Runoff Cause HABs?

Effect of Nitrate Concentrations on Algal Growth
Include all of the following in a typed lab report.

Pre-Lab Questions

1.  What are algae?
2.  Describe what is meant by HAB.
3.  What are some possible causes of HABs?
4.  How will oxidation-reduction reactions be used to test for the concentration of nitrates?
5.  How can it be determined if nitrates increase algal growth?
Experiment
I.  Problem

II. Hypothesis
III. Materials

Blue green algae culture (non-toxic)

Liquid Miracle Grow fertilizer

8  500-mL beakers

De-ionized water

Syringes with filter tips or another method of filtration

LaMotte Nitrate Test Kit with Colorimeter
IV. Procedure
1. Create a class set of control group solutions by adding 250 mL of de-ionized water to each of 4 500-mL beakers.  One beaker will have only water.  To the other beakers, add separately 2.0 mL Miracle grow fertilizer in the following concentrations: 75%, 50%, and 25%.

2. Create a class set of algal colonies by repeating step 1 then adding 5.0 mL of Blue-green algae culture to each beaker.

3. Using the Nitrate Test kit, test the nitrate concentration of each of the 8 beakers and record in a data table. Use the filtering syringe to extract the fertilizer solution.

4. Repeat the nitrate test on each algae sample for 5 consecutive days, recording the nitrate concentration each time. Include in your observations the appearance of the contents of the beakers each day. Be sure to note any major changes.

5. Using excel, prepare a graph of the data with days on the x axis and nitrate concentration on the y axis.  There should be four graphs with 2 lines each; the control and its partner algae colony.

V. Observations


VI. Data

VII. Conclusions (Does your data support your hypothesis? Include any possible errors)

Answer the following questions in the conclusion in paragraph form.  Do not rewrite the question

1.  What evidence was there that nitrates increased algal growth? Was this measured quantitatively or qualitatively?

2. Was there any evidence that algae consume nitrates and how was this measured.

3. What is the relationship between nitrate concentration and algae growth?

Extension (In paragraph form.)

1. Algal blooms in the oceans are monitored by satellites.  The satellites detect chlorophyll concentration in the water which usually means increased phytoplankton (algae).  Search the NASA Giovanni website and look up the latest chlorophyll data for the Texas Gulf Coast.  Describe the areas where there are higher chlorophyll concentrations and propose a possible explanation for the higher concentrations in these areas.  Do a search to find out when the latest HABs occurred in the gulf and what types of HABs they were.  What possible circumstances caused these HABs? Include in your discussion why some areas in the gulf seem more susceptible to algal blooms than others.

2. Search the web to find out what is meant by the “Dead Zone” in the Gulf of Mexico and what some possible causes are. Prepare an explanation (in your own words) of the dead zone.  Include a description, causes, and describe how scientists are trying to correct the problem.
http://earthobservatory.nasa.gov/IOTD/view.php?id=893
http://encyclopedia2.thefreedictionary.com/nitrate+reduction+test
http://reason.gsfc.nasa.gov/OPS/Giovanni/ocean.swf8D.2.shtml
http://www.noaanews.noaa.gov/stories/s584.htm
