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Abstract

The St. Francis River, located in Madison County Missouri, is showing signs of increased algae growth. Algae growth is an early warning sign that excessive nutrients are being unnaturally introduced into the watershed. Washington University MEM Graduate student B.J. Browning recognized the algae growth in June 2002 while performing basic water chemical tests for Missouri Stream Teams. A more comprehensive testing of the river’s watershed for specific pollutants, including causes of the algae growth, will lead to a pollutants point of origin. Known source pollutants can be closely monitored and removed from the stream if they can be identified from a source. Water testing at various locations can help narrow down suspected point sources. 

An objective of the proposed project is to topographically map out water sampling test sites within the St. Francis River watershed, and then test the water at those sites. The watershed to be tested covers approximately 300 square miles of the upper subbasin known as the high-relief Ozark Plateau of the St. Francis River. This upper subbasin section of the river meanders through four Missouri counties. Topographic maps will be used from Missouri Department of Natural Resources (DNR), Division of Geology and Land Survey to identify test site locations within those counties. Samples from these locations will be used to help narrow down potential polluting areas. Water samples will be tested using techniques approved by the Missouri DNR, EPA approved equipment, and analytical facilities at Washington University. These test results and subsequent analysis will better determine where and what types of pollutants have entered the stream, as well as, what impacts they’re having on the biota of the river.

Introduction

The proposed research will test the aquatic chemistry and biology of the St. Francis River above highway D, in Madison county and will encompass the counties of Madison, St. Francois, Iron, and Washington. MEM student B.J. Browning will perform specific water-sampling field tests for multiple types of chemical characteristics, including those suspected of causing the algae bloom growths. The field tests will not include the mass balance of materials and Biochemical Oxygen Demand (BOD) test later mentioned, as they require labs, and more extensive lab work. Ultimately, field and lab tests combined will provide a comprehensive understanding of the river’s watershed and its chemical and biological makeup. Furthermore, the tests will help establish a database baseline, “through DNR cataloging” of the St. Francis River water quality, from which to compare future test results and analysis against.

Subsequent sections of this proposal include objectives and methods of the proposed research project. Additionally, background information leading up to this project is covered in this proposal. As well as supporting information on where test procedures, parameters, and techniques to perform the test were obtained and through whom they are approved.

Background Information

For the past year, B.J. Browning has been involved in Missouri DNR Stream Teams. He has been sampling the waters of the St. Francis River in Madison County, Missouri between highway 72 and highway D. Using Missouri Stream Teams’ techniques and procedures, basic test results verified an abnormal presence of nitrates and resultant algae growth. Expanding the number of test sites, in a controlled study, with subsequent analysis, will delineate source contaminants causing algae growths. Current algae growth along the river has historically been contributed to the discharge of excessive nutrients from wastewater treatment plants (Boone 2001). However, the plant is several miles upstream from where the algae was noticed and may not be the current source for the algae bloom discovery. Additional sources of the algae growth may be from golf courses and concentrated animal feeding lot run-offs (Murdoch, Cheo, and O’Laughlin 2001), which are suspect and closer to the impacted area.

The proposed research will focus on verifying, by testing and analysis, what is causing the algae growths, as well as, testing for additional contaminants. Additional contaminants could be from mining, smelting, timber harvesting, annual burning, row cropping, storm water runoff, and livestock grazing. These sources are prevalent in the upper subbasin (Boone 2001), and can produce chemical imbalances within a stream. Which is why this project will test for chemical imbalance indicators in dissolved oxygen, water temperature, pH, conductivity, nitrates, ammonia, phosphates, turbidity, Biochemical Oxygen Demand (BOD), and declining benthic macro-invertebrate populations.

Explanations and impacts of chemical imbalances along with a detailed need for testing these imbalances will be provided below. Included in the explanations are the historical impacts and suspected causes of each of the excessive chemical characteristics. Training for testing and identifying characteristics listed with an asterisk below, has been acquired through Missouri Stream Teams. These tests will be performed using EPA approved equipment, on-site at river test points. B.J. Browning has completed requisite training and is authorized by the Missouri Stream Teams to perform these tests. Bulleted “non asterisks” will be tested with the help of Washington University Environmental Engineering resources.

· Testing will include Dissolved oxygen, or the absence of oxygen in water, which is a sign of severe pollution. Waters of consistently high dissolved oxygen are usually considered healthy and stable aquatic ecosystems capable of supporting many different kinds of aquatic life. Human induced changes in dissolved oxygen can cause build-up of organic wastes. Organic waste takes the form of sewage, urban and agricultural runoff, as well as, discharge from food processing industries, meat packing plants, wastewater treatment facilities, and dairies. Dissolved oxygen can be attributed to urban and agricultural runoff from fertilizers, which stimulate extensive growth of algae and other aquatic plants. Changes in aquatic life due to dissolved oxygen depletioncan be sudden or gradual. These changes can cause major shifts in the kinds of aquatic organisms from pollution intolerant species to pollution tolerant species. With a drop in dissolved oxygen levels, many different kinds of aquatic insects sensitive to low dissolved oxygen might be reduced to a few types such as aquatic worms and fly larvae that are tolerant of these levels. Nuisance algae and anaerobic organisms (that live without oxygen) may also become abundant in waters of low dissolved oxygen (Murdoch, Cheo, and O’Laughlin 2001).

· Test for Temperature, which affects the amount of oxygen that can be dissolved in the water will be performed. Temperature impacts the rate of photosynthesis by algae and larger aquatic plants. Such a change may be due to thermal pollution caused by human interference. Temperature may also change the metabolic rates of aquatic organisms, and the sensitivity of organisms to toxic wastes, parasites, and disease. Human induced changes in water temperature, known as thermal pollution refers to water being introduced that varies in temperature from the water present in the river. Thermal pollution may come from storm water draining from heated urban surfaces such as streets, sidewalks, and parking lots. Thermal pollution impacts the aquatic life and chemical makeup of a healthy eco-system. Changes in aquatic life due to temperature changes are caused when water temperature increases, photosynthesis and plant growth increases, and more plants grow and die. As plants die they are decomposed by oxygen needing bacteria. Therefore, as the rate of photosynthesis is increased, the need for oxygen in the water is also increased (Murdoch, Cheo, and O’Laughlin 2001). 

· The chemical test for pH, which measures the H+ ion concentration of liquids and substances, is an important factor in this review. Each measured liquid or substance is given a pH value on a scale that ranges from 0 to 14.  Pure, de-ionized water contains equal numbers of H+ and OH- ions and is considered neutral (pH 7), neither acidic nor basic. If the sample being measured has more H+ than OH- ions, it is considered acidic and has a pH less than 7. If the sample contains more OH- ions than H+ ions, it is considered basic with a pH greater than 7. See pH scale below.
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It is important to remember that for every one-unit change on the pH scale, there is approximately a ten-fold change in how acidic or basic the sample is. Human induced changes in pH isusually increasedby nitrogen oxides (NOx) and sulfur dioxide (SO2). These are primarily from automobile and coal-fired power plant emissions that are converted to nitric acid and sulfuric acid in the atmosphere. These acids combine with moisture in the atmosphere and fall to earth as acid rain or acid snow (Murdoch, Cheo, and O’Laughlin 2001).

· The project will also test for Biochemical Oxygen Demand (BOD), which is the amount of oxygen consumed by bacteria in the decomposition of organic material. It also includes the oxygen required for the oxidation of various chemicals in the water such as sulfides, ferrous iron, and ammonia. While a dissolved oxygen test tells you how much oxygen is available, a BOD test tells you how much oxygen can potentially be consumed. Thus if you find a dissolved oxygen problem, a BOD test will help you determine potential problem sources. Unpolluted, natural waters should have a BOD of 5 mg/l or less. Raw sewage may have BOD levels ranging from 150 – 300 mg/l. Levels required in the discharge permits for wastewater treatment plants usually range from 8 to 150 mg/l (Murdoch, Cheo, and O’Laughlin 2001). 
· Another test will be for Conductivity, which is a general indicator of water quality and is of concern for any water quality- testing program. Conductivity tells us how much solids are dissolved in the water. However, conductivity does not tell us what kind of dissolved solids are present. This will be identified using a test for a mass balance of materials, explained below. Conductivity of wastewater tends to be high since most treatment plants do not treat wastewater for dissolved solids. The most abundant dissolved solid that may pass through the treatment plant is sodium chloride, which is from the salt we ingest. Seven common dissolved ionsmake up about 99% of the dissolved solids in streams. In their approximate order of abundance in Missouri waters, these include; bicarbonate, calcium, magnesium, sulfate, chloride, sodium, and potassium. It is understandable that the three most abundant dissolved substances come from the dissolution of limestone and dolomite, Missouri’s most abundant rocks. The remaining 1% can vary, but can include; nitrates, different metals, ammonia, phosphorus, and manmade compounds such as pesticides and fuels (Murdoch, Cheo, and O’Laughlin 2001).

· The project will also test for Mass Balance of Materials, which taken as a word statement for materials balance is, Rate of accumulation of mass within the system boundary = Rate of flow of mass into the system boundary – Rate of flow of mass out of the system boundary + Rate of mass generation within the system boundary. Simply stated, it is accumulation + inflow – outflow + generation (Tchobanoglous and Schroeder 1987).

· Additionally, tests for Stream Flow rates or discharge will be performed, which identify the volume of water moving past a point in a unit of time. Two components make up flow: the volume of water in the stream and the velocity or speed of the water moving past a given point. Flow affects everything from the concentration of various substances in the water to distribution of habitats and organisms throughout the stream. To calculate flow, velocity of the water and the cross sectional area of the stream’s channel is measured. To measure river flow, first measure volume by measuring length and cross sectional area. Flow = (length x cross sectional area) / time. Since velocity is a measure of length (or distance) / time, flow = velocity x cross sectional area (Tchobanoglous and Schroeder 1987). 

· Turbidity testing will be performed to determine how turbid the water is. The degree to which a body of water is not clear is called turbidity. An example of turbidity is the clarity of the Mississippi River at St. Louis Missouri, compared to that of some clear lakes in Alaska. On the Mississippi River, you would be able to see only about 20 to 38 centimeters beneath the water's surface. However, on some lakes in Alaska, you would be able to see 30 to 37 meters below the surface. High levels of turbidity pose several problems for streams. Turbidity blocks out the light needed by submerged aquatic vegetation. It can raise surface water temperatures above normal levels. Also, turbid water may be low in dissolved oxygen and cause harmful impacts when it settles to bottom dwelling life. Human impacts from turbidity are from sediment bearing runoff or nutrient inputs that cause plankton blooms (Murdoch, Cheo, and O’Laughlin 2001).

· The project will test for Phosphates, which are essential to the growth of all living things. Phosphate refers to compounds containing the phosphate ion.  The phosphate ion is found in various minerals, such as calcium phosphate, as well as, in shells, bones, and animal teeth. A plant must receive a sufficient supply of phosphate in order to grow and mature properly. That is why farmers add fertilizers containing phosphate to the soil. Phosphate is also essential for aquatic plants, such as algae. Algae, is a general term for chlorophyll-containing plants like seaweed and pond scum. When a waterway has a high level of phosphate (greater than 0.1 mg/L), plants, including algae, mature and reproduce more rapidly. Algae may grow so densely across the surface of the water that it prevents the light necessary for photosynthesis from reaching the plants and algae beneath causing them to die. That decomposing organic matter reduces the amount of dissolved oxygen in the water. The decrease in the amount of dissolved oxygen may produce death for aquatic life such as fish. So, if testing a river reveals a high level of phosphate, it’s reasonable to assume the dissolved oxygen will decrease when the plant population dies, which reduces the waters ability to support multiple varieties of aquatic life. This process of overgrowth of aquatic vegetation followed by death, decay, oxygen depletion, and an imbalance of plants and animals in the water is called eutrophication. Cultural eutrophication is the term used if influenced by humans (Murdoch, Cheo, and O’Laughlin 2001).

· Testing for Nitrates and ammonia will be performed to determine levels of essential plant nutrients. Most organisms are unable to use the nitrogen that is present as a gas in the air. Instead, nitrogen enters the food chain in the form of ammonia or nitrate ions that can be absorbed by plants. Nitrate compounds, such as sodium nitrate or potassium nitrate occur in minerals, plants, and animals. They form the starting material that organisms use to make the many compounds necessary for life. Proteins, enzymes, nucleic acids, hormones, and vitamins all contain nitrogen. Nitrogen is an essential plant nutrient required by all living plants and animals for building protein. In aquatic ecosystems, nitrogen is present in many different forms. As with phosphates, too much nitrate in a waterway can encourage excessive growth of aquatic weeds and algae. This excessive plant growth can degrade the quality of a waterway through eutrophication. One-reason waterways are tested for nitrate-levels, is to monitor and control eutrophication. Another reason directly relates to human health risks, specifically health risks to infants and unborn children. Drinking water that contains high amounts of nitrates may cause "blue babies" or infant methemoglobinemia. Anthropogenicsources of nitrates and ammonia, are inadequately treated wastewater from sewage treatment plants, runoff from storm drains, illegal sanitary sewer connections, poorly functioning septic systems, food lots, crop fields and lawns (Murdoch, Cheo, and O’Laughlin 2001).

· The final test will be for benthic macro-invertebrates (BMI’s), which will be performed at select locations due to labor intensity. BMI’s are animals that do not have backbones but are visible to the naked eye. They live on stream bottoms or other substrates, and are good indicators of a streams health. While many BMI’s are insects, others are represented by freshwater aquatic worms, snails, clams, crustaceans and various spiders. BMI’s play key roles as biological indicators of a streams health and water quality since some are tolerant while others are intolerant of pollution. Finding various types of BMI’s in a stream suggests the overall health of the stream. BMI’s are easily impacted by stream alterations and quickly indicate and detect such changes or potential problems to the stream. (Murdoch, Cheo, and O’Laughlin 2001).

Proposed Methodology

Test parameters of the proposed research will focus on the chemical and biological characteristics listed above. Those chemical and biological test results will provide details of the river’s overall water quality. Subsequent analysis will assist in determining the point of origin and serve as a baseline for future testing. To complement each test site, a visual stream survey checklist will be conducted. The checklist is a question/answer survey provided by the Missouri DNR. Since the watershed to be tested covers approximately 300 square miles, water sampling test sites will be strategically selected. Water sampling test sites will be based on tributary size, local geography in relation to known pastures, row crops, forests, campgrounds, towns, mines, landfills, industrial discharges, shopping centers, golf courses, parks, and roads. These features will be identified using topographic, soil survey, and county/town road maps. For trace-ability purposes, exact site locations will be marked using a handheld Global Positioning System (GPS), provided by the Washington University Environmental Engineering School (EES). The GPS will provide validity to the final report and can be used if any re-tests are required at a later date. The GPS will remain the property of Washington University. Test site locations and number of monthly test will be jointly agreed upon between Professor Giammar, and MEM student B.J. Browning, in January 2003.

Once test site locations and frequencies have been established, water samples will be taken from those sites between January and May 2003. Using lab-approved methods, all samples for metals analysis will be brought back to the EES, at Washington University to be analyzed in campus labs. Lab use has been pre-approved by Professor Giammar along with any required assistance in performing mass balance calculations. All remaining test results will be sent to Missouri DNR Stream Teams division to be verified and compared to state acceptable levels and requirements. Levels and requirements are based on natural Ozark streams similar to the St. Francis River as provided by Missouri DNR.

The validity of the chemical field tests is provided through the use of EPA approved equipment such as the DR-850 colorimeter, digital conductivity tester, thermometer, and digital pH meter. Validity of the biological testing for benthic macro-invertebrates is provided through the use of EPA approved 3’x 3’ kick-nets with 0.6 millimeter mesh netting. Validity of the dissolved metals analyses is provided through Washington University campus labs. Validity of flow rate testing is provided through methods learned from Missouri Stream Teams and step-by-step instructions explained in their stream keeper’s field guide. Equipment not provided by Washington University, has been, or will be acquired by the student through grants, donations, or provided as kits from completed Missouri Stream Teams workshops.

A milestone for the project will be to share data collected with area residents of the four counties influencing the St. Francis River. The milestone will be achieved by publicly displaying test results at the 36th annual Missouri Whitewater Championship races. The races are one of the nation’s longest annually run canoe and kayak slalom events, which is held on the St. Francis River. This community event,  (tentatively scheduled for March 22nd and 23rd) in 2003, attracts approximately one thousand local residents each year. The topographic maps used in the project to identify features in the river’s watershed will also be displayed. In addition to the maps and test results, a show board depicting information about the project will be displayed and B.J. Browning will be available to answer questions and document feedback and concerns. This show-board will display the test characteristics and human activities that have been known to influence a river’s water quality and condition. The objective of the display will be to generate local concern for the well being of the St. Francis River’s watershed. Another planned action will be to invite various conservation agencies to the race. These agencies will include the Missouri DNR, the Missouri Conservation Department and the Conservation Federation of Missouri. The objective is for those agencies to set up information booths to encourage and educate area participants, through their respective training programs, on how citizens can get involved with conservation concerns. To encourage local participation, area school principalswill be asked to notify their biology and science teachers of the event. By contacting area schools and encouraging their participation, it is hoped that the schools may start their own stream teams within the St. Francis River watershed.

Finally, the equipment used during this project, along with a presentation will be displayed to professor Giammar and the EES students during an on campus seminar held in May 2003. The display, final report and presentation will provide the instructor tangible and grade-able materials  for the semester project. Future objectives include submitting an article, with end results to various state and scientific trade journals, conservation publications, and area newspapers for publication.

To fulfill the schedule and objectives below, this project is expected to consume a minimum of 21 hours per week (excluding travel time). To ensure the project is on schedule and progressing towards its objectives, bi-weekly meetings between the instructor and the student will be established as to allow the professor a chance to review and comment on the status and progress.

Project Schedule

The following outline list’s objectives and details of the project schedule and list’s activities and milestones that are to be accomplished under their assigned month. 

January:

· Receive additional training through the Missouri Department of Natural Resources Stream Teams division by completing a Level II workshop January 25, 2003

· Provide topographic maps of the approximate 300 square mile watershed with test site locations justified and approved by the instructor

· Coordinate meeting times with professor Giammar to discuss project direction and updates 

February:

· Perform chemical tests at selected sites, (or approved alternates if river levels prohibit)

· Submit test results to Washington University labs and Missouri Stream Teams

· Design a bar-graph to compare results to Ozark stream averages

· Coordinate meeting times with professor Giammar to discuss project direction and updates 

· Provide a tri-fold display board for public display with information on the project including a map and testing parameters for the project

· Contact Conservation Federation of Missouri, Missouri DNR, and Missouri Department of Conservation to request their participation at the 36th Annual Missouri Whitewater races

· Contact schools within the area to encourage their attendance at the races

· Coordinate meeting times with professor Giammar to discuss project direction and updates 

March:

· Confirm set up site through race director for this project and government agencies

· Perform chemical and benthic-macro-invertebrate test at selected sites, (or approved alternates if river levels prohibit)

· Coordinate meeting times with professor Giammar to discuss project direction and updates 

· Submit test results to Washington University labs and Missouri Stream Teams

· Confirm attendance of previously contacted conservation agencies 

· Send out reminders to teachers and agencies for race participation and attendance

· Set up display at races including maps, information show-boards, test kits and equipment

· Coordinate meeting times with professor Giammar to discuss project direction and updates 

April:

· Perform chemical tests at selected sites (or approved alternates if river levels prohibit)

· Submit test results to Washington University labs and Missouri Stream Teams

· Coordinate meeting times with professor Giammar to discuss project direction and updates

· Start on final report and presentation for May submittal and seminar

· Research article publication options for report submittal to trade journals, newspapers etc.

· Coordinate meeting times with professor Giammar to discuss project direction and updates 

May:

· Perform chemical tests at selected sites, (or approved alternates if river levels prohibit)

· Submit test results to Washington University labs and Missouri Stream Teams

· Coordinate final meeting time with professor Giammar to discuss project results and conclusion 

· Present data at one of the final Friday seminars to students and staff

· Turn in final report and a summation to submit for publication

Project Budget


The following is the total projected expense for this project.

Item







Expenses ($)
· Vista hand-held Global Positioning System (GPS)

299

Thank you for your time and consideration. I hope the content herein warrants the respect of Washington University’s staff for an approval of this independent study request.

William J. Browning
William J. (B.J.) Browning
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