Assessing the Effectiveness of Different Carbon Sources in Stimulating Denitrification in a Wastewater Wetland Designed for Removing Nitrate
[Good clear title]
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Abstract

Removing nutrients, such as nitrogen, is a key goal of wetland-based wastewater treatment systems.  Labile organic matter is often added to these systems to act as a food source for denitrifying bacteria. These bacteria rely on glucose or alternative carbon sources to complete the reaction in which nitrogen in the form of nitrate is converted to nitrogen gas that can then be released into the atmosphere. Our research aimed to apply this knowledge to the Living Machine, a constructed wetland wastewater treatment facility at Oberlin College, in an effort to maximize denitrification processes in this system [isn’t the goal of your work to explore the potential effectiveness of different carbon sources?].  To explore the benefits of adding organic carbon to the Living Machine, we incubated wetland samples with organic carbon sources in the form of sodium acetate, woodchips, and taro leaves.  We found that, while adding carbon sources to Living Machine wastewater increased denitrification in these samples, acetate, followed by taro leaves, were the most effective. These results indicate that carbon is a limiting factor in Living Machine denitrification [wasn’t this already known], and carbon source quality may be more important than carbon source quantity in stimulating denitrification. This information can easily be applied to similarly engineered wastewater treatment facilities, and especially the Living Machine, as taro leaves are a readily available and effective source of labile organic matter for denitrification.
[A little tweaking necessary to make this a very strong abstract – seems to me that a previous study indicated carbon limitation and the great significance of your study is in demonstrating that other locally available carbon sources have the potential for denitrification.  I like your focus in the conclusion on application elsewhere.]
Introduction and Background

[Since your research is focused on carbon sources for denitrification in wastewater treatment wetlands, your background should focus squarely on this issue.  Certainly you want to include information on why this process is important, and provide a little bit of context on the wastewater treatment process, but the central focus should be on establishing the gap in knowledge that your research directly fills.]
Wastewater Treatment Systems


Wastewater treatment is an essential part of water use. The earth has a limited supply of water, and while we continue to pollute this supply, it is crucial that water is cleaned and reused in the most efficient manner possible. Most treatment systems are designed to remove inorganic, solid matter (primary treatment), followed by the removal of suspended and dissolved waste (secondary treatment), and finally nutrients and harmful pathogens are removed through tertiary treatment. These steps are critical in preventing cultural eutrophication in aquatic ecosystems, as well as algal bloom formation, which leads to anoxic conditions incapable of sustaining aerobic organisms.  In addition, wastewater treatment is important in preventing the toxic consumption [negative health effects? Toxic to whom?] of excess ammonia and nitrate, as well as the spread of disease through the ingestion of harmful pathogens (Calderer. 2010). 

Both municipal and ecologically engineered wastewater treatment systems utilize organisms in an effort to remove nutrients and output safe water. However, municipal treatment plants often contain only bacteria, while ecologically engineered systems incorporate more complex communities of organisms, including bacteria as well as plants. Because of this, these more ecologically sound systems are able to utilize natural processes and nutrient cycles to treat wastewater. One such system is the Living Machine (LM) located in the Adam Joseph Lewis Center (AJLC) of Oberlin College. The LM is one of the key components of the AJLC as it allows for onsite treatment of wastewater, which can then be cycled through the building as grey water. Because water is treated onsite, in a closed system, there are no harmful effects to downstream ecosystems, and fossil fuel is saved as water does not need to be transported over long distances. In addition, the LM’s plant life and design make it a much more aesthetically appealing option for wastewater treatment (Haineswood & Morse. 2003) [The citation in this sentence implies that Hainswood and Morse studied the aesthetics of the the Living Machine!].

 The Living Machine processes waste by passing water through a series of anaerobic and aerobic tanks, followed by a gravel marsh (also referred to as an artificial wetland) as seen in figure 1.Waste first enters the anaerobic tanks where solid waste decomposes and settles. The residual wastewater then flows through to closed aerobic tanks where bacteria process organic matter and nutrients. These tanks are followed by a series of open aerobic tanks, built into the gravel marsh. The open tanks contain a variety of tropical and native plants including taro plants, and allow for nutrient uptake into plant roots and the activity of microbes inhabiting those roots. The water then runs through the floor of the Living Machine, where it is filtered by plants in the meter-deep gravel marsh, and then finally treated with UV light to kill bacteria (Bradford 2008) and recycled back into the toilets of the AJLC. [You need to be very careful about accuracy of citations.  A citation should immediately follow a statement that is directly supported by research conducted in the work being cited. In this citation you are implying that Bradford et al. measured the change in bacterial concentrations before and after the UV filter – that was not there study].
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Wetland-based wastewater treatment systems, such as the LM, often incorporate a final marsh system to provide a chemical environment conducive to denitrification.  Our study focused on the gravel marsh of the Living Machine. This system is composed of a gravel basin, with dimensions of 11.58m x 5.16 m x 0.98 m [citation?]. The gravel in this basin ranges in diameter from 4cm- 10cm, and this diameter increases with depth, allowing water deeper in the marsh floor to travel with greater velocity (Bradford. 2008). 
Denitrification

[This actually seems like a very appropriate sentence to start a paper describing your research with – it leads directly into your work] Removing nitrogen, which can harm downstream ecosystems, is a key function of tertiary wastewater treatment. Denitrification is important for breaking down organic matter in environments where oxygen is unavailable (Ricklefs, 2007) [Hmm, seems to me that while this is true, from the perspective of tertiary treatment, the important point is that an anaerobic environment is necessary to foster denitrification].  This process is the final step of biological nitrogen removal from wastewater systems, and involves the conversion of nitrate (NO3) to nitrogen gas (N2). Denitrification occurs in anaerobic environments due to the action of the bacteria Pseudomonas denitrificans. Nitrate is the best available electron acceptor in the absence of oxygen, and is reduced to N2 in the reaction C6H12O6 + 4 NO3 ( 6 CO2 + 6H2O + 2N2 + energy.  However, previous studies indicate that Oberlin College’s Living Machine (LM) is deficient in organic matter necessary to stimulate denitrification (Haineswood & Morse 2003). [Yes, this would be good introductory paragraph to your research]
[Insert gap in knowledge – not known whether locally available sources of carbon might stimulate denitrification in LM water]
The objective of our study was to determine how different sources and amounts of carbon, some locally available, might stimulate denitrification in the final marsh of the LM. Ultimately we are interested in information that can be used to better manage Oberlin’s Living Machine as well as other similarly constructed wastewater treatment systems to improve their performance and create safer, cleaner water. Specifically, we conducted bottle-incubation experiments to assess the denitrifying potential of woodchips and taro leaves as compared with acetate. Acetate is often introduced as a carbon source to denitrifying marshes (Rustige 2007) and has been shown to stimulate denitrification in samples taken from the Living Machine (Haineswood & Morse 2003). Because of this acetate was used for comparison against the experimental carbon sources. We hypothesized that, because carbon has previously been identified as a limiting factor in denitrification at the LM, all carbon sources would increase the nutrients available to denitrifying microbes and would cause an increase in the rate of denitrification.  [Excellent paragraph]
[These last two paragraphs are the heart of your introduction – most of the rest can be cut.  The description of the LM itself can be abbreviated and inserted either here or in the materials and methods.  Seems like you might also mention the potential value of using a carbon source that breaks down more slowly than acetate]
Materials and Methods

To test the effects of adding different nutrient sources to the constructed wetland, we took water samples from the wetland, added different carbon sources, incubated these samples and assessed changes in nitrogen levels. The LM wetland contains sampling ports (pvc pipe of about 2 cm in diameter) that are grouped in three varying depths.  The samples were taken from the deepest port [how deep?], nearest the influent tank [only people who know the Oberlin LM will understand what this location means – translate for a general audience, e.g. “water that has completed secondary treatment enters the marsh.  We sampled…” ], using a vacuum pump.   The vacuum pump was equipped with a series of piping and bottles to ensure that no oxygen was introduced into the sample.  We ran about 1.4 L of water out of the sampling pipe to eliminate stagnant water in the sampling port.  After the port was sufficiently flushed, we filled a BOD bottle with sample water. If the seal between the pump and the pipe was not complete we tightened the connection and re-sampled the water (Haineswood and Morse.  2003).

Treatments to the samples were made by adding different sources of nutrients. We used two blank controls and four different treatments as follows:

1. We added acetate to act as a control to compare the efficacy of our experimental treatments against the industry standard.  Acetate is commonly used as a nutrient source for increasing denitrification in wastewater treatment (Rustige 2007).  Three different concentrations (0.25 g/L, 0.17 g/L, and 0.08 g/L) were added based on Haineswood and Morse (2003) [does “based on” mean that you duplicated what they did or did you do something different? Explain].

2. Woodchips are a cheap and easily available source of carbon that potentially breaks down slowly, and therefore are potentially an ideal carbon source.  Woodchips were soaked for two weeks to simulate the decomposition that would occur over an extended period of soaking in the Living Machine.  Different masses (0.1 g, 1.0 g, 5.0 g), based on wet weight, of woodchips were then added to effluent samples.  [how were the wood chips soaked?  Were they inoculated with wastewater (I think so) or soaked in tap water or deionized water – this has important implications for interpretation of your data]
3. Taro leaves are a readily available carbon source, as they are already grown as a part of the wetland in the Living Machine. These samples were soaked in water and treated under the same conditions as the woodchips. Three different samples were tested with 0.1 g, 1.0 g, and 5.0 g of wet-weight of the soaked taro leaves [?]. [It is not clear whether these started as dry taro leaves or as fresh material – the fact that you identify the samples below as fresh might imply to the reader that these are dry (I know they were not, but I’m trying to read this from the perceptive of a general reader)]
4. Fresh taro leaves were ground up and added to samples for comparison with the decaying matter. Wet-weight Masses of 0.01 g, 0.1 g, 0.5 g, 1.0 g, and 5.0 g were added to samples.

After samples were incubated for two days with treatments (Haineswood and Morse. 2003), NO3 levels were measured using the ion chromatograph, as in Agudelo (2010) [I have not read this paper, but what you are implying here is that this group used an ion chromatography technique to monitor nitrate]. 

In order to assess the remaining labile organic matter available in samples, following the incubation conducted to assess nitrate loss, we oxygenated samples by shaking them thoroughly and incubated them using standard 5 day BOD technique (cite methods of water and wastewater analysis).  Then, dissolved oxygen was measured using a YSI-1500 DO probe.  The samples were incubated for five days. On the fifth day dissolved oxygen was measured once again and biological oxygen demand was calculated.
Results


[Your methods section makes no mention of the fact that you measured spatial patterns in nitrate in the marsh, so it seems very out of place to report this.  These data are potentially very useful to your study, but you need to describe build a case for this in the introduction and describe what you did in the methods.] Our initial examination of the nitrate levels throughout the marsh showed a presence of NO3 at all of the sampling points we examined (figure 2). There was a slight decrease in nitrate levels from the inflow to the marsh compared to the outflow, but there was more variability within each sampling point [do you mean variability with depth or did you take several samples at each location?  This is not clear] than there was between sampling points.
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All of the experimental carbon sources that we used resulted in an increase in the rate of denitrification within our sample bottles, with the greatest increase in denitrification (at max substrate addition) from fresh taro at 23.8 mg NO3/l/day [what about acetate?] and the least increase in denitrification from the woodchips at 2.9 mg NO3/l/day (figure 3). [Explain how and why you fitted the data to a Michaelis-Menton equation.  What are the coefficient values you found for this curve fit?  These are great derived variables to discuss]
Immediately after the incubation of the woodchip and soaked taro samples above we performed a biological oxygen demand (BOD) test in the same sample bottles in order to measure the amount of labile organic matter available as energy for the microbial communities responsible for denitrification [this is a description of methods and not results]. The results indicated that there was organic matter already present in the marsh water without any additional carbon sources, as evidenced by the BOD levels in the control bottles. There was also increased BOD in the woodchips and soaked taro samples, indicating the increased availability of labile organic matter to microbes (figure 4).



Analysis & Discussion


Results from the examination of NO3 levels throughout the marsh indicate that denitrification processes are currently proceeding at very low levels or not at all, as the variability in nitrate could be explained by variation in the nutrient input to the system [good]. However, previous studies (Haineswood and Morse, 2003) have shown that nitrate levels do decrease as samples approach the effluent side of the marsh, suggesting that denitrification processes are indeed occurring, but at very low and inconsistent rates that do not seem to be limited by the amount of available nitrate. [How do nitrate concentrations in the effluent of the LM compare to nitrate concentrations from other tertiary treatment systems?]
Our data from the nitrate depletion experiment (figure 3) confirms that incubating LM marsh samples with supplemental carbon sources increases the rate of denitrification occurring in those samples. These data suggest that adding these carbon sources to the LM marsh influent sump might increase rates of denitrification in the marsh itself [this is implied if you structure the sentence as suggested]. We also found that the type of carbon source has a strong impact on the change in denitrification, with very different levels of denitrification resulting from the same weight of carbon source addition. Some of this variability probably came from the fact that our substrates were not standardized to a dry weight, and so the water content varied between samples. However, we saw almost ten times the rate of denitrification occurring in the fresh taro samples as in the woodchips samples, which indicated to us that the quality of carbon may be more important than the quantity of carbon as a limiting factor to denitrification processes. [good]

This hypothesis of carbon quality versus quantity was supported by our BOD data (fig 4), where we saw similar levels of BOD in both the woodchips and the soaked taro sample bottles [good]. Because there were similar levels of BOD in these two groups when compared across the same substrate concentration, and the effect on denitrification were separated by an order of magnitude, we concluded that carbon quality may be the factor accounting for the difference. However, there are a number of other variables that could account for this difference [explain], so further study comparing the different carbon sources would be valuable. We suggest that future studies take a more in depth look at the effectiveness of woodchips because of their structural differences from taro leaves, including experiments involving higher concentrations and longer soaking times prior to use as a substrate. These experiments might elucidate potential uses for woodchips as a slow release mechanism for increasing labile carbon availability, and perhaps show that our carbon quality issue is an effect of slower decomposition. [Interesting – might be useful to conduct a long incubation with decomposing wood chips and continuously remove samples for both denitrification incubations nd BOD analysis over time]

Previous studies have shown that adding acetate is a very effective method of promoting denitrification in LM samples (Haineswood and Morse, 2003), which is supported by our results. However, acetate is a quickly broken down source of carbon, and using it as a regular LM marsh supplement would be expensive and require frequent addition [Yes, good point, but I think this sentence really belongs in the introduction of your paper – it helps build the case for why an analysis of other carbon sources is important]. The organic carbon sources that we explored would have a much slower rate of decomposition, releasing carbon into the marsh over many weeks, as evidenced by the denitrification processes occurring with taro biomass that had already been soaking for two weeks. In addition, taro leaves are a byproduct of the LM’s open aerobic tanks, and so are free and readily available for use as a carbon source. The combination of these two factors points to taro leaves as a potential solution to the lack of denitrification occurring in the LM marsh. [nice discussion and conclusion] 

Because our experiments all took place in sample bottles it will be necessary for future studies to explore treatments within the LM marsh itself to account for additional variables not present in our marsh water samples, including the effects of the gravel environment and plant roots [good]. We also did not standardize our taro leaf and woodchip samples to dry weights, which should definitely be done in future studies in order to more accurately compare the effectiveness of each experimental carbon source [good]. Our study also did not consider the effects of the added carbon sources to other important variables in wastewater treatment, including increasing the concentration of other nutrients or greatly increasing the BOD of the marsh effluent [good point]. Lowering BOD and nutrient concentrations is the primary purpose of the Living Machine, so if our supplemental carbon successfully reduces nitrate but also significantly increases BOD or other nutrients than it should not be used as a supplement for denitrification [important point].
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Appendix I: Division of Labor


Writing was shared equally among group members, with Hannah working on most of the background, introduction, and abstract, and Glen working mostly on results, discussion, and analysis. All experimental methods were discussed and decided upon as a group, as well as the analysis of data. Data was compiled with metadata by Glen. Both group members created figures, as well as completing sampling and experiments collaboratively. Both group members edited final write up.

1. Title & Names of investigators

>Clearly indicates what you did and ideally what you found. 
Yes, very cldear
2. Abstract (250 word max)

>Summarizes what you did, how you did it, what you found, and why it is important.
See comments
3.  Introduction/Background

>Sets context by describing the overall problem that research addresses and appropriately situates this in larger ecological and societal context.  
See comments
>Cites relevant primary and secondary literature to support arguments (minimum of four citations).
See comments on appropriate citation – it is important that you understand the problems with the way you are citing data
>Problem statement establishes gap in knowledge, need for research, and describes how your research fills gap. 
See extensive comments on this
>Clearly states mechanistic hypotheses explaining what you expected to observe and why.
Expectations are stated, but no clear mechanisms described.
4. Methods (revised from proposal)

>Describes what you did in sufficient detail that someone could repeat your experiment.
See comments
>Answers what, where, when, and how you made your measurements. 
Not clear that you measured spatial patterns or how you did this.  
>Includes diagrams, maps of sampling, tables, timelines as appropriate (only if appropriate).
Map of marsh might be helpful for understanding spatial variability – you could mark sampling ports (available in previous reports).
>References literature where appropriate (who’s procedure did you follow?).
See comments
5. Results:

>Includes text, tables, graphs & figures that describe but do not explain results. 
Yes
>Explains calculations.
Explain michaelis menton fitting
>Indicates statistical significance. NA
>Does not present same data in both tables and graphs. Y
6. Analysis & Discussion:

>Interprets and critically analyzes your findings.
Yes, nice job
>Explores connections between your findings and those of other studies (agreement, disagreement, relevance).
Yes, with previous studies in LM, but not with larger literature.  What have others found who have explored carbon sources for denitrification?  There must be literature on this
>Addresses the usefulness and limitations of the methods you used.
Yes, nice job
>Addresses limitations of findings and suggests further research that might extend or more conclusively addresses your initial hypotheses and findings.
Yes
7.  Literature cited:

>Uses the same format described in the “How to write ecological site assessments” handout.
For most part
>Does not use footnotes.Y
8. Figures and figure legends: (tables, graphs, conceptual models, etc. that appear in introduction, results, and analysis & discussion sections)

>Text legend below each figure describes content in sufficient detail that reader can understand what the figure represents without reference to text in manuscript.  
Yes


>Symbol legend within the frame of each graphic indicates what different color bars, lines or shapes represent.
Yes
>Figures are numbered sequentially in the order in which they appear in the paper. 
Yes
>Every figure that appears in paper is directly referenced within the paper. 
Yes
>Units are indicated either within the figures (often in the x and y axis labels) or in the text legend. 
Yes
9. Appendix 1: Division of labor: 

>Describes role of each group member in developing and implementing the project.
Yes
10.  General comments:
Hannah and Glen:
You conducted a very successful experiment in the sense that you created genuinely important new knowledge with significant management implications.  Your work also points directly towards fruitful future avenues of research that would build on your research.  You should feel a great sense of satisfaction in this accomplishment!  At the same time, the organization of the paper, particularly introduction, methods and results is a bit rough.  The discussion section is stronger.  See extensive comments within your text.  
POSTER COMMENTS AND GRADE

>Introduction and methods (Hannah):  Overall content of these sections of presentation was excellent, though perhaps a bit long in introduction.  Presentation launched into direct discussion of LM system.  For most audiences, it would have been preferable to start with general rather than specific context (as done in poster itself). Likewise, the presentation as a whole generally assumed more knowledge of LM than is reasonable for general audience.  Small modifications and little insertions of context could easily rectify this.  Although Hannah’s presentation was obviously well-rehearsed, a bit more practice might have enabled a more relaxed, enthusiastic presentation with more eye contact with audience.  I’m certain this was not conscious, but Hannah kept looking at the poster, which guided the audiences eyes towards the poster for parts of the presentation in which there was only text to refer to.  More continuous direct eye contact with audience would have improved presentation, but it is also true that the incorporation of a few additional visual cues within the poster would have allowed you to  meaningfully refer to the poster during this section of the presentation.  For example, you might have inserted photos or iconic images representing material used adjacent to list of treatments – e.g. labeled chemical bottle for acetate, photos of leaves and chips for wood chips.

>Results and conclusions (Glen): Good content, nice eye contact, good clear explanation of conclusions.

>General: In responding to questions, both of you demonstrated an excellent understanding of the experiment and the limitations and future potential of the work.  At least two of your classmates suggested that splitting up the presentation so that the two of you alternated, would have contributed to increased audience engagement.  Your colleagues also suggested that more figures would have helped to break up your text and given you more information to refer audience to while presenting.  I agree with both thoughts.

Fig 1. The Living Machine is composed of several sets of tanks, all with different environments that promote the activity of certain microbial communities in order to process human waste.
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Fig. 2 Nitrate levels based on samples taken at three different points in the Living Machine marsh (influent, mid-marsh, and effluent) and three different depths at each point (deep, mid, shallow).
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Figure 3. NO3 depletion (denitrification) in marsh samples incubated at 20C for 2 days, following the techniques of Haineswood and Morse (2003). Depletion measured as the difference in NO3 between control samples (no supplemental carbon added) and the treated samples after the incubation period. Trend lines are best-fit curves of Michaelis–Menten saturation equations, calculated by minimizing the square of the residual.








Figure 4. Rates of BOD for two treatment groups. The marsh samples used in Fig. 3 were saturated with oxygen following the NO3 incubation, incubated for an additional 5 days, and BOD was measured.
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Figure 1. NO3 depletion (denitrification) in marsh samples incubated at 20C for 2 days, following the techniques of Haineswood and Morse (2003). Depletion measured as the difference in NO3 between control samples (no supplemental carbon added) and the treated samples after the incubation period.
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Fig 1. The Living Machine is composed of several sets of tanks, all with different environments that promote the activity of certain microbial communities in order to process human waste.





Fig. 2 Nitrate levels based on samples taken at three different points in the Living Machine marsh (influent, mid-marsh, and effluent) and three different depths at each point (deep, mid, shallow).
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Figure 3. NO3 depletion (denitrification) in marsh samples incubated at 20C for 2 days, following the techniques of Haineswood and Morse (2003). Depletion measured as the difference in NO3 between control samples (no supplemental carbon added) and the treated samples after the incubation period. Trend lines are best-fit curves of Michaelis–Menten saturation equations, calculated by minimizing the square of the residual.
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Figure 4. Rates of BOD for two treatment groups. The marsh samples used in Fig. 3 were saturated with oxygen following the NO3 incubation, incubated for an additional 5 days, and BOD was measured.














