Organic Carbon or Dissolved Oxygen Concentration?

The conditions that Limit Denitrification in the Marsh of an Ecologically Engineered Wastewater Treatment Facility at Oberlin College [Nice title. Many ecologists will find the application of the “limiting factor” concept to dissolved oxygen a bit confusing.  Generally we think of limiting factors as those factors which are available in least abundance relative to an organisms needs.  In this case, what you need is less oxygen not more.  “Conditions” might work better]
Tim Haineswood and Naomi Morse

Research Proposal, October 10, 2003

Abstract


This research project will assess factors that potentially that limit [see comment under title regarding limiting factor] denitrification in the marsh of the “Living Machine”, an ecologically engineered wastewater treatment facility located at Oberlin College in Oberlin, OH [hedge a bit more – conditions other than just organic carbon and DO that control denitrification, so it is probably better not to imply that these are the only things involved].  In many facilities like the Living Machine (LM), a gravel marsh is planted after heavily aerated tanks and includes numerous emergent species.  To date, the LM remains largely unvegetated.  The nitrate levels in the effluent from the marsh are higher than desired and this study will try to figure out the factors that contribute to this problem [need a sentence on the denitrification].  Two factors that can limit denitrification in the marsh are [other factors might limit as well, for instance presence of appropriate bacteria, temperature, nitrate, etc.], lack of organic carbon (OC) or excess of dissolved oxygen (DO).  We hypothesize that OC has a greater effect on denitrification than DO because the marsh is unaerated and does not receive supplementary OC.  We will collect samples from the marsh influent and compare the effect of adding organic carbon in the form of plant matter with the effect of removing all of the dissolved oxygen by flushing the samples with an inert  [interesting idea and at least partially doable though I will need to order more N2].
Intro

The “Living Machine” (LM) is an ecologically engineered wastewater treatment system located in the Adam Joseph Lewis Center at Oberlin College.  The system is designed to recycle flush water within the building by cycling wastewater through a series of anaerobic and aerobic tanks and a constructed gravel wetland and then storing treated water for reuse as toilet flush water.  The ecosystems within these tanks and the wetland contain diverse communities of organisms that break down solids, process nutrients and eliminate pathogens from the wastewater.  Wastewater treatment continues to be a major environmental issue because traditional wastewater treatment methods require large inputs of fossil fuel based energy and are far removed from the domestic plumbing system.  Traditional wastewater treatment requires transportation of wastewater over long distances, which makes it inefficient to reuse treated wastewater to flush toilets.  Therefore, the LM is an ideal system because no transportation of waste is needed and water can be recycled back through the system. [How about a few citations?!]
One of the major contaminants [contaminants to what? Are you talking about effluent?  Not clear] of wastewater is nitrogen, which is usually in the form of ammonia (NH4+) [In many plants that do good secondary treatment the NH4+ should be oxidized to NO3 by the time it is effluent]).   Excess amounts of nitrogen in water can cause phytoplankton blooms, are toxic to fish, and are hazardous to small children if consumed in drinking water [nitrate in particular is hazardous to humans].  Therefore, it is important to reduce the amount of nitrogen as much as possible before wastewater is recycled.  When wastewater enters a treatment system, the nitrogen is mostly in an organic form, which is degraded by invertebrates and microbes and released as ammonium (NH4+) through a process called ammonification.  This ammonia is then converted to nitrate in aerobic environments by chemoautotrophic bacteria (nitrification).  The cycle continues in anaerobic conditions when Pseudominas denitrificans reduces NO3- to N2 gas in a process called denitrification.  Denitrification not only requires a lack of oxygen [why?  Explain a bit more about the denitrification process.  How low does O2 need to be?  Might it be possible to measure low O2 in the water column and yet still have active denitrification?  How?], but also needs a sufficient amount of organic carbon for the bacteria to feed on.

Previous studies on the Oberlin LM have addressed issues of oxygen consumption from nitrification and organic carbon as well as nitrogen and phosphorous transformations (Draper et al., 2001 and Gershik et al., 2001), but no studies have been conducted on the denitrification process that occurs in the wetland portion of the system [Good point].  Currently, denitrification in the wetland of the LM reduces NOx to just under 4 mg/l [you want to review the historical data for the LM to come up with a better range of values observed], while a study of a similar ecologically engineered system found that the wetland reduced NOx levels to 1.7 mg/l (Hamersley et al., 2001) [seems like you need to report something about size of system and flow rate to make a comparison.  My guess is that there flow rates were much higher and this makes our system look even worse.  What sorts of plants were present in their system.  What would supply carbon in their system?  I’m sure that there are other papers in the literature that address the issue of denitrification in wastewater treatment wetlands.  How do these inform your study?].  Therefore, our wetland is not performing at optimum efficiency and is either limited by lack of organic carbon (OC) or an excess of oxygen.  In our study, we plan to determine which factor is limiting denitrification.

We hypothesize that organic carbon is the limiting factor for denitrification in the LM marsh and that denitrification will increase more when OC is added than it would if we created anoxic conditions [are these variables easily separated from of each other?  If you add organic matter you will drive DO down].  This is because Pseudomonas denitrificans bacteria use the OC as an electron donor to transform NO3 into N2 gas [NO3 is an electron acceptor].  Increased anoxia would also increase denitrification rates because P. denitrificans is an obligate anaerobe and is inhibited by dissolved oxygen (DO) levels above 0.4 mg/l (Tiruchelvan, 2000) [for information like this that is not specific to the LM, it would be highly preferable to cite peer reviewed publications].  However, we believe that the lack of OC has a greater effect than high levels of DO because OC is removed by reactions upstream in the system and is also not produced in the wetland because there are very few plants present [you need to say something about how the plants might deliver OC to the marsh – is it rotting tissue or root exudates.  What does the literature say on this issue?].  We will test this hypothesis by taking water samples from the influent of the marsh, testing nitrate levels, adding various amounts of OC to the samples, incubating the samples to simulate processes that would happen in the marsh and testing nitrate levels once more.  By manipulating organic carbon, we will affect denitrification rates as well as the level of dissolved oxygen [yes, this is potentially confounding to your proposed study – how do you deal with the fact that both change at once?  It seems like what you are really measuring is whether low DO alone would stimulate denitrification and, alternatively, whether the combination of carbon and low DO would stimulate denitrification.]However, dissolved oxygen will also affect denitrification rates so we will flush the oxygen out of half of the samples using an inert gas such as N2.  We will then compare the difference between denitrification rates in the two samples, thus determining which factor has more effect on denitrification.  We will also take samples from various places within the marsh, measure OC, DO and nitrate levels in these samples and compare the manipulated samples with these controls.

Materials and Methods

We will be analyzing water in the “Living Machine” in the Adam Joseph Lewis Center for Environmental Studies at Oberlin College in Oberlin, Ohio. The Living Machine is an artificially constructed wetland designed to process wastewater from the building onsite and recycle it back into the toilet tanks in the building [these last sentences belong in intro (and are redundant to what is there)]. The Living Machine consists of nine tanks and one subsurface flow gravel marsh. Waste water is processed through two outdoor anaerobic settling tanks, two outdoor closed aerobic tanks which are constantly bubbled with air, and three open aerobic tanks inside a greenhouse, which support large plant communities, whose roots provide habitats for microbes that process nutrients and eliminate pathogens from the human wastewater. After the open tanks, the water flows to a clarifier, which is not aerated. Solids that settle out from the clarifier are sent back to the outside tanks, while the water flows into a gravel marsh that fills the base of the greenhouse. The water that flows into the marsh has had most of its OC removed, but most of the nitrate and phosphorous remain, making additional treatment necessary.  The marsh provides an unaerated environment in which this treatment can occur. Currently, very few plants are planted in the marsh, so little OC is added to the system.  However, denitrification still occurs, phosphate precipitates out on the gravel, and relatively pure water flows out to a holding tank.

We will take samples throughout the marsh using the sampling ports already installed [you need to explain – reviewers don’t know anything about existing sampling ports], as well as from the influent and effluent tanks.  [Where will you measure in this grid?  What is your objective in measuring at different points?].  We will use anion analysis in an Ion Chromatograph to determine nitrate and nitrite levels in the samples, following standard methods, including collection and filtration (Clesceri et al. #4110???, 1995). OC levels will be estimated by running standard Biochemical Oxygen Demand 5 day tests on samples with a nitrification inhibitor [citation for technique?]. Using a nitrification inhibitor of 2-chloro-6-(trichloro methyl) pyridine will ensure that mineralization of ammonia will not affect BOD, and other buffering methods should make the entire observed BOD carbonaceous. We will follow standard buffering and incubation procedures for the 5-Day BOD test (Clesceri et al. #5210, 1995).  DO levels will be measured using a YSI-1500 DO probe.  The results from these tests will serve as controls for the following manipulated samples.  Extra samples will be taken from the marsh inflow tank to be used for comparative manipulation.  All samples for a batch of comparisons will be taken at the same time to avoid variation in nutrient concentrations due to uneven contributions to the AJLC wastewater system. We will test these samples for DO, OC, and nitrate using the methods described above. The rest of the sample will be used to fill 14 BOD bottles. Two will be left as controls, two will be sparged [good use of the term sparged!  Where did you pick that up?] with nitrogen but otherwise untreated, making these samples anoxic, and the remaining 10 bottles will receive ground up plant biomass in order to simulate the presence of plants in the wetland [interesting, but this makes certain assumptions about the form of organic matter that might be present.  You need to address this in the background.  Is it root exudates or decaying matter that primarily fuels denitrification?].  This organic carbon will be added to BOD bottles in various concentrations of 0.35, 0.7, 1.4, 2.1, and 3.5 g L-1. Two BOD bottles will receive each concentration of OC, and one of each pair will be sparged with nitrogen to render it anoxic. All of the samples will then be incubated for one day at 20 degrees C, and then tested for nitrate levels in the Ion Chromatograph.  We will collect samples and run the above tests three times throughout the semester.

Time Line:

Week of 10/27:

Review procedures in the lab and test conditions throughout the marsh.

Week of 11/3:

Collect samples and run first batch of experiments.

Week of 11/10:

Collect samples and run second batch of experiments.

Week of 11/17:

Collect samples and run third batch of experiments.

Week of 11/24:

Preliminary data analysis.

Week of 12/1:

Finish analysis, start writing report and preparing oral presentation.

Week of 12/8:

Present results to colleagues and finish report.
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[Need peer reviewed literature incorporated into more detailed background section on what is known about N  processing in wetland wastewater treatment systems].
Tim and Naomi:

Very interesting work you propose to do here.  I’m already anxious to see what you find out.  I have made numerous comments within your proposal.  You need to do a more thorough review of the primary literature – what is know, how this informs your research.  As I mentioned, most folks measure denitrification using a technique called “acetylene block” with a gas chromatograph tuned to measure N2O.  Have you found anything in the literature to suggest that others have used changes in nitrate as a means of measuring denitrification?  There are some sampling issues that we need to discuss – like how we go about getting samples from the marsh without aerating them in the process.  There is an issue that you need to address verbally even if you don’t do anything about it and that is the role of the potential role of microbes living attached to the marsh substrate.  Perhaps most of the microbial action takes place on the gravel.  Your proposed work does not assess this.  Fine if it does not (you are plenty ambitious already), but you need to at least discuss this as a possibility.
