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[Title effectively describes what you did, but it would be better to create a title that is understandable to folks who don’t know anything about the AJLC or “Living Machines” in particular (fairly obscure treatment technology even in the wastewater wetland community), e.g. “N and P transformations in an ecologically engineered wetland wastewater treatment system housed in a greenhouse in NE Ohio”]
Abstract:
The Living Machine is a wetland designed to treat domestic wastewater in the Adam Joseph Lewis Center for Environmental Studies in Oberlin, Ohio.  We assessed spatial (inter-tank) and temporal (following a three week period of no inflow) inorganic nutrient dynamics in this system, focusing on nitrogen and phosphorus due to their ecological significance. The Living Machine (LM) was designed so that anaerobic and aerobic bacteria perform the bulk of nutrient transformations during the treatment process, using plant roots as a microhabitats.  We have collected and analyzed a high resolution (biweekly) dataset of inorganic nutrient concentrations (NH4+, NO2-, NO3-, PO43-) from 9/18/2001 to 11/15/2001,  following a three week period during which the LM was closed to new influent wateres.  Minimal phosphorus removal occurred throughout the LM.  Nitrogen transformations across the machine were, by and large, predictable, with the exception of high nitrate/nitrite levels in the effluent.  The high NO2-/NO3- were primarily due to a non-functional marsh component.  Lastly, we found that retention times are key to understanding treatment dynamics, and that, for the most part, the system behaves as expected. 
[“predictable” and “as expected” will not mean anything to your reader since they do not yet know anything about the system – you need to describe expectations – e.g. rapid nitrification in aerobic tanks.]
INTRODUCTION

[Introduction is far too long – see comment at close of paper]

Phosphorus, Nitrogen, and Cultural Eutrophication


Increasing concentrations of nutrients to aquatic freshwater ecosystems leads to a phenomenon known as cultural eutrophication.  Natural eutrophication is a gradual process by which aquatic ecosystems mature, fill in and become more terrestrial in form.  Cultural, or anthropogenic eutrophification is similar to the natural process in that it is caused by increasing nutrient levels, but occurs on a shorter in time scale and thus has different specific ecosytem effects.    Many studies have shown that phosphorus, entering freshwater aquatic systems in the form of inorganic phosphates, is the limiting factor for algal growth [If you write “many studies”, you should cite at least three of these at the close of the sentence].  Studies have contrasted the effects of phosphorus loading on freshwater reservoirs with the effects of nitrogen (NH4+/NO2-/NO3-) and organic carbon loading.  While additions of organic C and all the forms of N (NH4+, NO2-, NO3-, and organic N) certainly contribute to eutrophication effects on the systems studied (by ammonia toxicity and the high BOD of ammonium) (Hammer and Knight, 1994), phosphorus has been causally linked in inland reservoirs to the ‘ecological pathology’ of cultural eutrophication. In coastal regions, nitrate-N and organic N have been shown to cause eutrophication in concentrations as low as 1 mg/L (Horne, 1995).  [First paragraph should clearly introduce specific problem you will address – wastewater treatement]
The first step in this short term eutrophication is a rapid influx of phosphorus (P), usually accompanied by other substances (e.g. N, pesticides, heavy metals), which stimulate algal blooms [depends on whether system is fresh or salt water].  The increased metabolic rate of algal communities consume significantly more oxygen than oligotrophic systems.  Changes in trophic interactions and dynamics are rapid and extreme.  Native fish and consumer species die off rapidly, unable to cope with low oxygen levels.  Usually a decrease in biodiversity at all levels and a loss of former ecosystem function results. For example, shifts in fish communities tend to be characterized by the extirpation of many native species, followed by the invasion of a few exotics, which can thrive under eutrophied conditions. [Too much detail – the entire intro should be constructed to rapidly lead to what you did and why you did it]
Wetlands play an important role in mitigating the effects of non-point source pollution [yes, good].  As Horne puts it, “It is almost a textbook rule that wetlands act as transformers, converting soluble inorganic nutrient to the organic, particulate fraction and retaining them (Horne, 1995).” Both natural and constructed wetlands serve as buffers in regions where agricultural or septage tank nutrient runoff might otherwise drain directly into rivers and lakes [effect on agricultural systems is not central to your study – focus only on domestic and municipal].  These wetlands serve as storage basins to dampen pulse flow (i.e. storm events).  When nutrient laden waters are retained in a wetland, N and P transformations effectively remove, reduce, and incorporate these elements into the biomass of the system.  Recognition of the value of the hydrological, biological and biogeochemical functions wetlands impart has only recently spurred designers and policy-makers to consider constructed wetlands as an alternative for sewage, septage, and runoff treatment (Gopal, 1999).
Wetland effluent, slowly drained through the water table or as surface flow, tends to have significantly lower concentrations of all forms of N and P.   Also notable is the fact that no constructed wetland has yet been documented as having exceeded its treatment life expectancy since the founding of this new technology (Kadlec, 1995). [two sentences are too short to be a paragraph]
However, the extent of many wetlands’ role in effectively removing these nutrients from the watershed runoff is disputed [Wetland effects on watersheds is not directly relevant to your study – leave it out].  Hammer and Knight note that the total nitrogen (TN) mass removal rate in natural wetlands is highly variable, attributing this variability to the differences among wetlands in the form of N in the inflow, water depth, DO, and TN mass loading rate (Hammer and Knight, 1994, Kadlec, 1995).  This lends some validity to the claim that constructed wetlands are a poor alternative to conventional wastewater treatment, and that the extensive literature on the limitations of natural and constructed wetlands’ efficacy in treating wastewater is vastly overstated (Gopal, 1999) [Last sentence contradicts itself.  Logic is not clear between last two sentences – why assume that because natural wetland ecosystems receive highly variable inflow or are variable themselves that this should bear on constructed wetlands in which internal structure is established, and wastewater quality is better defined?].  Kadlec notes that wetlands – while generally effective at reducing biological oxygen demand (BOD), total suspended solids (TSS) and fecal coliforms (FC) – usually do not reduce nutrient to regional requirements for landscape water. He goes on to note the some standards (e.g. fecal coliform requirements) of wetland effluent are far beyond any constructed wetland’s capability to treat incoming runoff.  The explanation of this limitation is that constructed wetlands typically exhibit non-zero background levels of many regulated substances, and that the design attributes of constructed wetlands necessitate some minimum levels (Kadlec, 1995).  Common critiques of short-term (one to three years) studies of constructed wetlands that record increased nutrient uptake (Todd and Josephson, 1996)  are that the transient effect of luxury consumptions by plants have been over-generalized as long-term removal mechanism (Sakadevan and Bavor, 1999,) and that our current lack of understanding of removal processes does not rule out the many removal mechanisms (particularly with respect to P) that may have a finite lifespan (Gopal, 1999).    [Much of info in paragraph above is not directly relevant to your study and should be left out]
In light of these considerations, it is crucial to understand the mechanisms involved in removing N and P from biological wastewater treatment facilities like the A.J. Lewis Center Living Machine.  Indeed, the development of design criteria for such systems has been hampered by the lack of scientifically-verified understanding of removal mechanisms [good point] (Hamersley et al., 2001). While the efficiency of pollutant removal has by now been documented in many systems, less knowledge exists about the processes involved in nutrient removal (Sakadevan and Bavor, 1999).  Knowledge of these processes will not only aid future researchers to enhance design and operation efficiency, but also allow them to predict the long term sustainability for pollutant removal under a range of conditions, (e.g. temperature, soil/substrate types and hydraulic and nutrient loading rates).  Such understanding could dramatically increase wetland the performance of wetland systems (Sakadevan and Bavor, 1999). [All information in this paragraph IS relevant]
The Adam Joseph Lewis Center Living Machine
As already mentioned, wetland ecosystems function as transformers, converting organic compounds into soluble inorganic nutrients, taking up these nutrients into their biomass, and then releasing the nutrients in biologically inactive forms (gases), or retaining nutrients within the system [not all of the nutrients are taken up into biomass – consider your knowledge of the N cycle].  Living Machines, designed and built by Living Technologies, Inc., are constructed aquatic wastewater treatment systems that are modeled after features of natural wetlands.  Each Living Machine consists of a series of modular tanks, each with distinct internal design and function. The overall function of the Living Machine is threefold: 1. the metabolism and sedimentation of organic compounds, 2. the removal of inorganic nutrients, and 3. the extirpation of pathogens from the wastewater (Todd and Josephson 1996).  The treated water can then be reused for toilet flush-water and the landscape.    The Living Machine in the Adam Joseph Lewis Center for Environmental Studies in Oberlin, OH, which began treating waste early in spring of 2000, was designed to recycle wastewater from the building, for use as graywater (for toilets) or in the landscape.  It currently releases the treated water into the city sewers, and is slated to go online in the near future.  

We undertook our research with a few major goals.  We wanted to develop a extensive dataset with which to test some of these theories [specifically which theories?  State your mechanistic hypotheses.] regarding inorganic nutrient concentrations, especially immediately after the three week no-flow period, which we thought would result in a nutrient limited system responding to hydraulic and nutrient loading.  In addition, we wanted to provide a baseline dataset for future investigations.  Finally, we wanted to confirm our expectations of this specific LM’s design, structure, and function [Not clear how this goal is distinct from others].  [Our research provides a deeper understanding of this system’s processes and characteristics, and in addition has implications for the certification of  Living Machine effluent for landscape uses.  The results of our study support ideas from the literature and help validate ecologically designed wastewater treatment systems.] [Text in brackets belongs in conclusion, not intro]
Phosphorus Removal in Wetlands and Tank-Marsh Systems

Physico-chemical processes, which include adsorption, precipitation and sedimentation (chelation) (Giersberg et al., 1986), are the mechanisms to which most P removal/retention is attributed (Drizo, 1999).   Interactions among these and other processes are complex, and several elements (e.g. iron, aluminum and manganese) are involved in the removal of phosphorus (Gopal, 1999).  The combination of iron compounds and humic materials have been used for phosphorus reduction in natural systems waste treatment (Todd and Josephson, 1996).  

Physical characteristics have been shown to be important to P removal.  P concentration of the influent water, water column depth, and hydraulic loading all reduce P removal efficiency, as shown by Hosomi (Sakadevan and Bavor, 1999).  Increased P loading eventually results in a saturation effect, after which removal rate is constant (Kadlec, 1999).  Interestingly, Kadlec has noted that, in natural wetlands, P concentrations measured at distance along the flow direction can be graphed as a declining exponential function (Kadlec, 1999).  He attributed this to removal processes that function better at higher P concentrations (Kadlec, 1999).  Temperature, within the boundaries encountered in temperate climates where ecological wastewater treatment technology has been studied, had been shown to have little to no effect on P removal (Kadlec, 1999).

Two mechanisms of ecosystem luxury uptake, soil-P interactions and biomass increases (of macrophytes, algae, and microbes alike), exhibit saturation kinetics (Kadlec, 1999).  The first has a lifetime of a few to several months, and the second, while having the inherent potential for positive feedback initially (sources of P foster increased stocks in live biomass, which in turn create larger stocks of standing dead and litter material), typically stops when net growth levels off (Kadlec, 1999).  This growth phase lasts about one to six years, depending on climate (Kadlec, 1999).  Finally, there is a sustainable removal of P via the biogeochemical cycle, due to the accretion of recalcitrant residuals produced by that cycle [“biogeochemical” is a very general term that includes your previous mechanism]  (Kadlec, 1999).  If this process is indeed proven to be a viable, economically feasible method of P removal from wastewater, the commonly held belief that microbial transformation of nutrients to gaseous products (i.e. nitrification-denitrification and sulfate reduction) is the only sustainable means of nutrient removal (Tanner et al., 1995) will be proven erroneous [Since P has no gaseous phase, I am not aware of anyone who has claimed that this could be a mechanism for P removal].  

Some startling P removal percentages show up in the literature.  For example, one ecologically engineered septage treatment system is  reports a 97% average P removal rate, without the addition of any precipitants (Hamersley et al., 2001).  However, P is never completely removed by either physico-chemical or biogeochemical methods; this non-zero limit has been attributed mostly to internal short-circuiting, atmospheric deposition, and characteristics of the biogeochemical cycle (Kadlec, 1999).  It may be useful for future studies to note that the quantity of phosphate (PO43-) excreted per person per day is 3 grams, and another 4 grams per household per day is discharged from cleaning compounds (Drizo, 1999).


In our system we expected to see steadily increasing inorganic phosphate (PO43-), as a  result of organic phosphate breakdown, as flow increases after dormancy [So you mean increase in all locations over time?].  [What do you expect the spatial pattern to be before the marsh and why?] We also expected to see this phosphate taken out by adsorption sites in the marsh gravel substrate.  (see figure 1)  We do not expect to overtax the adsorption capacity of the marsh for a few more years.

[Too much info!]

Nitrogen Removal Processes


A large fraction of the N removed from the system is expected to settle in the AN tanks.  In similar systems, between 57 (Hamersley et al., 2001) and 62 percent of the nitrogen was removed in the sludge from the settling tank(s) and clarifier(s) (Peterson and Teal, 1996).

The biological removal of nitrogen, on the other hand, occurs by the ammonification of organic N to ammonium (NH4+), followed by nitrification to NO2-, then NO3-, and finally denitrification, the conversion of nitrate into nitrogen gas (N2).  The conversion of organic nitrogen compounds into N2 gas is, then, a three-step process.  All three transformations occur simultaneously from AN1 and through the aquatic tanks and in the marsh at various rates [when rates of these three reactions are so different in the different tanks it is a bit misleading to suggest that they are simultaneous] (Hamersley et al., 2001).  Simultaneous conversion is, in fact, a crucial design feature for maximizing N removal, and is supported by large scale (discrete tanks) and small scale (microzone) heterogeneity [yes, good] (Hammer and Knight, 1994).  Moreover, total N removal may be reduced if any limiting factor of any of the processes prevails throughout the system (Hammer and Knight, 1994).  See figure 1 for the location of these mechanisms in the LM.

Direct uptake of N by plants is negligible, accounting for somewhere between 0.5-4.0% in similar systems (Hamersley et al., 2001).  The role of plants in providing root substrate and fostering communities of nitrifiers and denitrifiers will be discussed following a detailed description of each step of the process.  [Too short to be a paragraph]

Huang posits that the extreme differences in N removal efficiencies among systems, along with the very similar relative dependence on independent variables (e.g. retention time, nutrient loading, limiting nutrients, etc.), indicates that similar N transformation processes are occurring at all these systems (Huang et al., 2000).  [Too short to be a paragraph]]
Nitrogen is not a greenhouse gas and accounts for about 78% of the atmospheric gases, and so it is present in such large concentrations that anthropogenic denitrification will not contribute to its levels in the atmosphere to any measurable extent (in contrast to carbon dioxide and methane) (Horne, 1995).  For an excellent review of the nitrogen cycle in wetlands, refer to Kadlec and Knight (1996).  
[Too much info!]

Ammonification/Mineralization/Deamination

Ammonification occurs as a byproduct of organic matter degradation.  In happens in both anaerobic environments and in anoxic microzones within aerobic environments.  The chemical conversions are as follows:

NH2-CO-NH2 + H20 -> 2NH3 + CO2 by biological organisms, and [breakdown of urea is just one of many possible ammonification reactions]
NH3 + H2O <-> NH4+ OH- equilibrium reaction in aqueous solution. 

The first step in N conversion, ammonification (Organic N => NH4+), was expected to occur throughout the system, with the vast majority occurring in anaerobic tanks with high concentrations of organic inputs.   In a very similar system, the rate of mineralization was found to be highly variable due primarily to DO levels, and secondarily to differences in temperature and concentration of organic N (Hamersley et al., 2001).  In conditions of similar DO and temperature, variability was still high, which was attributed to differences in the biodegradability of the particulate organic N (Hamersley et al., 2001).  A physical process completely unrelated to the N cycle, sedimentation, was likely a secondary mechanism for decreases in the concentration in organic N in their system (Hamersley et al., 2001).

Nitrification

Ammonium is first used as an energy source by obligate aerobic chemoautotrophic bacteria (nitrifying bacteria), thereby converting NH4+ into nitrite.  This conversion is done by most commonly by Nitrosomonas (and to a much lesser extent by Nitrosococcus, Nitrosospira, Nitrosocystis, and Nitrosogloea) genera (Hammer and Knight, 1994).  Nitrobacter (and Nitrocystis) genera then convert the nitrite further into nitrate (Hammer and Knight, 1994).  The simplified chemical transformations are:

NH4+ + 3O2 -> 2NO2 - + 2H2O + 4H+ + energy      
by Nitrosomonas species

2NO2 - + O2 -> 2NO3 + energy       



by  Nitrobacter species 
In actuality, carbonate or bicarbonate ion is needed for the transformations to occur:

NH4+ + O2 + HCO3- -> C5H7NO2 + NO32- + H2O + H2CO3
In both cases ammonium is being utilized as a source of energy, and in both conversions nitrogen is oxidized (first from the –3 oxidation state to the +3 state, then to the +5 state).

Nitrification solely occurs in aerobic environments, including on the surface layer of sediments.  We expected nitrification to take place primarily from CA1 through OA2.  We thought that this would be facilitated by the root masses in the planted tanks.  In the wetland, we postulated that the nitrification rate would be negligible due to low ammonium and ,low DO levels (Hamersley et al., 2001). Indeed, this phenomenon [which phenomenon?] is recorded often in the literature (Hamersley et al., 2001).
If conditions are not right for the nitrifying bacteria (i.e. inadequate levels of calcium carbonate as a carbon source) [calcium carbonate?!] then nitrifying bacteria will be effectually removed from the system, and nitrification will not occur (Todd and Josephson, 1996).   Most populations of nitrifying bacteria live on attachment substrates, only rarely do such bacteria occur in free-floating forms (Hammer and Knight, 1994) [Hmm, that would make it very difficult to explain the enormous rates of nitrification observed by the group that examined nitrification with BOD bottle incubations using sample water (no substrate).  Perhaps you mean suspended particulates rather than attached substrates?].  Rate of nitrification is dependent on temperature and pH (there is a range of suitable conditions for both), and nitrifying bacteria are intolerant of salinity (Hammer and Knight, 1994).  DO levels lower than 2 mg/L substantially reduce nitrification rate (Hammer and Knight, 1994).  Not surprisingly, nitrification may also be limited by ammonium availability (Hamersley et al., 2001).

While nitrifiers can then be said to require moderate temperature (optimal range: 30-35 degrees C) and slightly acidic pH, attachment substrates (biofilms, plant roots, and suspended organic particles) (Hamersley et al., 2001), and adequate oxygen levels, the latter two factors are most commonly the limiting ones in biological wastewater systems (Hammer and Knight, 1994). 
Denitrification

Denitrification, an obligate anaerobic heterotrophic respiratory process, finally reduces nitrates to N2 gas, releasing this into the atmosphere.  The dominant denitrifying bacteria is Pseudomonas denitrificans and others include other Pseudomonas genera [more general category including your first species], Achromobacter, Bacillus, and Micrococcus genera (Hammer and Knight, 1994).  The chemical transformation is written below:

C6H12O6 + 4NO3 ( 6CO2 + H2O + 2N2 + energy
Nitrate in this reaction is used as an electron acceptor, so nitrogen is reduced from the +5 oxidation state to the 0 state.
Denitrifying bacteria can either grow aerobically without nitrate or anaerobically with nitrate (Hammer and Knight, 1994), but only denitrify in anaerobic conditions.  The optimal temperature range for denitrification is between 25-65 degrees C, and can be limited by low carbon supplies (Hammer and Knight, 1994).  We initially expected denitrification to occur predominantly in the Clarifier and the gravel bed (marsh), thus expected nitrate to be almost completely gone in the effluent.  However, our “marsh” had no plants during the majority of our sampling period, and so organic carbon supplies are extremely low, and DO levels too high.  It is therefore not likely that our marsh system will support any appreciable rate of denitrification.

While it is true the denitrification occurs only in anaerobic conditions, the presence of localized anaerobic microhabitats within aerobic tanks allows for denitrification throughout the system (Hamersley et al., 2001).  This is likely to be true for both the anaerobic tanks (where levels of NO3- are likely to be limiting) [if a whole tank is anaerobic, why would anaerobic microzones be important?], of closed aerobic tanks (where particulate OC levels are likely to provide limited microzones) and the open aerobic tanks (where either high DO levels or root microzones may be limiting) (Hamersley et al., 2001, Hammer and Knight, 1994). 

Microbial denitrification is the final step of the major mechanism (N cycle) of N removal loss from wetlands (Hammer and Knight, 1994).  In the ecologically engineering systems, this mechanism has accounted for at least 40.9 percent of total N removal (Hamersley et al., 2001).


See figure 1 for the expected location of each of these processes.

The Effects of Plants

The removal of inorganic nutrients, most notably forms of nitrogen and phosphorus, is primarily accomplished by microorganisms. The planted portion of the system [you have not yet described the system] is not intended to directly process nutrients, but instead is designed to serve as habitat for microorganisms.  Aquatic plant species in biological wastewater treatment are usually selected for large root masses, toleration of high nutrient levels, and fast biomass accumulation (Peterson and Teal, 1996).   In similar systems plants only account for 0.5-11% of the nitrogen and 1-13% of the phosphorus removed from the system, with 1-4% being the most commonly cited ranges (Hamersley, et. al. 2001, Peterson and Teal 1996, Tanner 2001).  A notable exception to this rule is Peterson’s claim that vegetation can directly take up 30% of inorganic N “if the plants are harvested and managed to remain in the accelerated growth phase” (Peterson and Teal, 1996).  

Plant effects are primarily indirect, though; plant roots and rhizomes often provide favorable conditions for nitrifying or denitrifying bacteria (Peterson and Teal, 1996, Gopal, 1999, Todd and Josephson, 1996, Horne, 1995)   Some plants species’ root/rhizome systems may provide oxygen for nitrifiers (Peterson and Teal, 1996).  They also have been documented to serve as barriers to flow (thereby increasing retention time), facilitate settling of particulates, serve as biofilms for microbes, and free-floating plants can serve to get rid of oxygen, enhancing denitrification (Gopal, 1999) [how important would you expect this to be in our systems which are vigorously aerated?].  Duckweeds and Water Hyacinth have been shown to directly remove both N and P considerably faster than most other macrophyte species (Gopal, 1999).  Algae have also proven useful in nitrate removal (Horne, 1995).

Despite the many studies claiming the contrary, Huang concludes that plants have no measurable effect, direct or indirect, on N removal rate (Huang et al., 2000).  [A one sentence paragraph?  How is this information linked with previous information?]
Key Independent Variables: Nutrient Loading, Residence Time, Hydraulic Loading and Others

The effects of hydraulic loading, retention time, temperature, and nutrient loading are undisputedly key independent variables of nutrient removal efficiency (Sakadevan and Bavor, 1999, Hammer and Knight, 1994, Huang et al., 2000).  Retention time (RT is volume/flow) accounted for 94-97% of the observed variation in NH4+ and total Total Kjeldahl Nitrogen (TKN is a measure of the sums of organic N and ammonium) in one system (Huang et al., 2000).  Hydraulic loading can be conceptualized as the corollary to RT, as the rate of inflow to a system increases, the RT decreases and so does removal efficiency (Hammer and Knight, 1994).  Factoring in RT as a variable, temperature dependent rates of N and P removal can be constructed on for any given machine (Huang et al., 2000).  Many design considerations are based on juggling key considerations of RT, economic factors, and appropriate factors (e.g. DO, microzones) for biological nutrient transformation (Hammer and Knight, 1994).
[The quantity of background research you did for this study is impressive!  But how is all of this information relevant to your particular study?  What you did, where you did it and why you did it are not at all clear from this introduction.   See comment at close of paper]
MATERIALS AND METHODS

Water sampling

The study was carried out on nine tanks (AN1, CA1, CA2, OA1, OA2, OA3, Clarifier, Marsh Influent, Effluent).  [Describe the configuration and flow pattern or the system here or in intriduction.  e.g. explain that AN1 is anaerobic and is located outside (relevant because of temperature), etc.] Nine samples were collected each sampling day, one from each tank, beginning on the day before the Living Machine was put back online after approximately 3 weeks of dormancy.  Influent from the toilets was redirected to the machine on September 18, 2001.  For approximately two months, sampling was done between 11 am and 2 pm, every other day. Water samples of about 150 ml were collected manually into acid washed 500ml bottles. The samples were filtered using glass fiber filters [report brand and mesh size – people care about this] and injected into 20ml freezing bottles labeled with the appropriate tank and day. [filtration is normal practice for nutrient samples] Sampling and filtering materials were acid washed (0.1M HCl for at least 24 hours) and rinsed with De-ionized water (DI).

Analytical measurements

Ion Chromatography (IC) and Vernier Ion Selective Electrode (ISE)
We used a DIONEX DX 500 running with an AS9 anion column and (cation column) ion chromatograph (IC) to determine mostly anion and some cation nutrient concentrations in the water samples. The IC has become the most widely used method for determining inorganic anions in water in environmental studies (Sinniah 2001). We were most interested in anion concentrations of chloride (Cl-), nitrite (NO2--N), nitrate (NO3--N), and phosphate (PO4--P). All samples were run for anions. One IC cation run for a few samples was done to measure NH4+. This run was also done for the purpose of comparison of a different method of measuring NH4+, Vernier Ion Selective Electrode. The rest of the samples were analyzed through this second technique. The concentrations were then configured to IC measurements [not clear what you mean here].
To run the samples on the IC, we thawed the frozen water samples in a warm water bath, vortexed them, and then [pipetted] 5ml of the sample into vials labeled with the corresponding tank and date.  No more than twenty-five water samples were thawed during one IC run.  Samples from AN1, CA1, and CA2 were diluted by half and then resulting concentrations were multiplied by a factor of two. Samples were run in the IC approximately once a week.

RESULTS

There was an increase in hydraulic loading of the system from weekly averages over the sampling period after startup (Fig. 2). This was due to the system coming back online after three weeks of no flow. Changes inhe flow into the LM directly correspond with weekends and fall break, when hydraulic loading is lowest, and the “poop campaign”, when it increased. Average flow went from 119.7 gal/day in the first week to 221.8 gal/day in the last week of the sampling period.  Average flow over the entire sampling period was 131.5 gal/day.

During the period of the study, the average retention time of  the nine tanks ranged [careful of tense] from 4 days to 36 days (Fig. 3).  The retention time of the whole system was determined by dividing the flow rate of the whole system by volume of the system, resulting in a value of 122 days. Individual tank retention time was determined by flow rate divided by volume of the tank. 


Several rising trends were evident across the sampling period.  Chloride levels (Fig.4), and all measured forms of nitrogen increased over time (Fig. 5).  The concentration of NOx rose more sharply than NH4+ concentrations. Phosphate levels, however, were variable but lacked any sort of trend. 

In general, the graphs of the data averaged over time in each tank (?) show a decreasing trend in all nutrients across time across tanks (Fig.6).  PO4  [not necessarily removal] decreased across the first three tanks and then increased in concentration in the Clarifier. Then it decreased in the clarifier and marsh by 50 percent. Our results show about 2.5 mg/L in the effluent versus ~5.5 mg/L in the influent.  NOx is decreased in CA1 and CA2, while in OA1, levels of NOx increase.  NOx levels decrease in OA2 and then spike up in OA3 because of the increase in oxygen levels. NOx levels decrease in the next three tanks. NH4+ increases in the first three tanks and then decreases across the remainder of the tanks.  

The first two weeks of sampling show low total concentration levels of nutrients (Fig. 7 [you mean 6?]).   NOx peaks at CA1 and OA3, while NH4+ peak in CA1 and clarifier. As compared to the average graph of all the samples (Fig. 8), across tanks, NOx levels were much higher. 

During our sampling period, effluent ammonium and phosphorus concentrations remained low [low relative to what?], but nitrate showed a surprisingly steady increase during the last few weeks of our dataset. (Fig. 9)  On 11/15, NOx levels surpassed 15 mg/L, well above EPA drinking water standards [cite these standards – what number are you using for this statement, where did you get it?], but well within the design specifications for the LM.  


An interesting phenomenon is evident in the graph of effluent NOx values over time.  NOx concentrations in the clarifier and marsh influent show a sharp increase around the first of October, while effluent NOx concentrations have a similar rise toward the end of October.  (Fig. 9)  If the effluent graph is offset in time by the calculated retention time of the marsh (33.7 days, based on average flow from 9/30 to 11/15), the result is Fig. 10.  In this graph, we see the rising NOx trend in the clarifier, marsh influent, and offset effluent occurring at the same time. [Very interesting indeed.  More on this below] [What about figures 11 and 12?]
We calculated the coefficient of variability (CV) by dividing the standard deviation for each tank’s data set by the mean for that data (Figure 13).  The CV is greatest in the tanks nearest the effluent, while the AN1, CA1, and CA2 tanks have the least variability over time. [Since you do not predict variability in your introduction and do not discuss this pattern in your discussion secion, you should not both including it in your results]
DISCUSSION

[Start your discussion with a topic sentence and introductory paragraph that provides an overview of your findings.  You are diving into details without having set up any sort of an organizational structure for assessing the validity of your hypotheses] 
Chloride is biologically inactive and unchanged throughout the system [this sentence directly contradicts what you report in your results section and the trend line you show on Fig. 4]. Thus it is a perfect indicator of  an increase in nutrient loading of the system. It confirms that the increase in hydraulic loading has resulted in an increase in nutrient loading. [I do not follow this logic]
As expected the retention time of the marsh was the greatest because of its high volume. [One sentence paragraphs are indicative of organizational problems.  What you write here is essentially a mathematical truism – no experiment is necessary to demonstrate that if two tanks are subjected to the same inflow rate, the larger volume tank will have a longer retention time.]
Our research can be directly applied to LM operational procedures [not a good topic sentence for subsequent paragraph].  The fact that nutrient levels are within design specifications [what are the design specifications?  You have not specified these or cited a source for these] and that significant treatment is apparent (Fig. 8) indicates that the LM is functional and somewhat predictable [not clear how you are defining predicable here].  However, our retention time calculations imply that the rising trend of nutrient concentrations is due to the course of events preceding the three week no-flow period, the results of which we hoped to analyze in our dataset [I don’t follow this logic.].  This surprising conclusion helps to make the case for more empirical retention time studies [not clear what you mean by retention time studies], as correlating treatment effectiveness is only possible by finding the temporal relationship between nutrient concentration trends in influent and effluent.

Nonetheless, our dataset fills in unknowns in the LMs operational characteristics [not a topic sentence for subsequent paragraph].  As seen in figures 7 and 8, we can see that the relative rates of mineralization and nitrification occur as expected [Your introduction does not suggest what should be expected in the different tanks in the LM].  Total levels of N transformations were not developed [?] in because we did not measure organic N content of the water column [verbose].  However, this measurement, along with a measurement of N2 release [very difficult], could precisely quantify all N transformations in the system, a long term goal essential for understanding system function.  As it stands, we are able to qualitatively analyze the N cycle, but cannot be certain of specific rates or stocks [your observation that organic nitrogen is necessary is good].

The LM’s effectiveness can be determined through monitoring its effluent nutrient concentrations [not a topic sentence for this paragraph]. We can see from the data (Fig. 11 ) that the LM has not had a significant [what do you mean by significant?] effluent outside EPA landscape use ranges [what are these ranges?  Cite your source!]  since we began our study.  This implies that the LM effluent, could, with the proper certification, be used in the AJLC landscape as a supplemental water source.  Though nitrate levels rose in November, nitrate is not considered to be a limiting nutrient for algal growth in freshwater ecosystems, and since the LM is not providing potable water, high nitrate levels are not a concern.  Maintaining low ammonium nitrogen is more important, as high levels in the landscape could cause ammonium toxicity in surface waters [what is your source for this assertion?].  Also, recent planting of wetland species in the marsh is expected to dramatically enhance denitrification rate. 

We found both ion-chromotography and the ion-selective electrode to be adequate means of measuring inorganic nutrient ion concentrations.  The lack of a 1:1 relationship between the two measurement techniques is a cause for concern, but the high R2 value means a good correlation exists (Fig. 12)  Future tests should explain the need for a conversion factor. [This three sentence paragraph is completely unrelated to the paragraphs that surround it.  This information could be placed in your results section].
Our dataset is consistent with our expectations.  However, our hypotheses are somewhat based on the descriptions of processes from the LM designers [I don’t follow your point].  Another researcher may not interpret our results so conclusively, because of a number of factors.  First, the lack of quantification of organic nutrient sources.  In addition, the highly cyclic nature of the LM [?] makes the isolation of specific transformative processes difficult.  For example, we would expect high mineralization in the CA1 tank due to high organic N levels, but we know that CA1 receives the process recycle from OA3 [this is the first time you are mentioning this fact to your reader], and thus would also contain high levels of NO3, reducing, by an unknown amount, the contribution of nitrification to that tank.  In general, other conclusions than the ones we have drawn are possible from our data.

Overall, our data supports our hypotheses [which hypotheses?] well, with some surprises with regards to retention time and nitrate levels in the effluent.  
Appendix I : Figures
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Figure 1.

A Schematic of hypothesized rates of N and P  transformations in the A.J. Lewis Center Living Machine.  Thickness of associated sickle corresponds to rate of process. [Very nice diagram!]
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Figure 2.  Total volume of wastewater entering the Living Machine starting on September 18, 2001 after a 3 week period with no flow.  Bar heights represent daily influent volume.  The large box outline delineates our sampling period, the other two boxes mark periods of low flow (Fall Break) and high flow (Poop Campaign).  A regression line charts an increase in flow from September 18 to December… 

Increased hydraulic loading of system with time after startup.  Average flow went from 119.7 gal/day in the first week to 221.8 gal/day in the last week of the sampling period.  Average flow over the entire sampling period was 131.5 gal/day.  
[Useful graph]
[image: image1.png]


Figure 3.  Average retention time of each tank in the Living Machine during the experiment. Tanks are ordered left to right from the upstream end of the system to the downstream end.  Bar heights represent tank retention times.  Values above the bars give calculated retention time.  Retention time for each tank was calculated by dividing tank volume by average flow rate. [Label y-axis with units!]
Average retention time for the system as a whole during the period examined was 124.80 days with daily flow of 131.5 gal/day (the average over our sampling period).
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Figure 4.  Chloride concentrations in all tanks of the Living Machine over time.  Multiple tanks measured on same date are represented as vertically stacked dots.  A linear regression marks the change in chloride levels during the sampling period. [Label Y axis with units!]
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Figure 5.  Nitrogen and phosphorus levels in all tanks over time measured in ammonium (NH+-N), nitrite/nitrate (NOx), and phosphate (PO4-P).  Ammonium concentrations are represented as triangles, nitrite/nitrate concentrations are represented as outlined squares, and phosphate concentrations are represented as solid squares.  The top trend line shows a linear regression of nitrite/nitrate concentrations, ….  Multiple tanks sampled on the same day are stacked vertically.          [Units?!]
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Figure 6.  Average nutrient concentrations within all tanks of the Living Machine over the first two weeks of sampling.  Tanks are ordered left to right going from the upstream end of the system to the downstream end.  Immediately adjacent bars over each tank represent ammonium (dark gray), nitrite/nitrate (medium gray), and phosphate (white).  Bar height indicates average of nutrient concentrations sampled during first two weeks.  Standard deviation bars show variation in nutrient concentrations during this period. [Units?]
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Figure 7. Average nutrient concentrations within all tanks of the Living Machine over the last two weeks of sampling.  Tanks are ordered left to right going from the upstream end of the system to the downstream end.  Immediately adjacent bars over each tank represent ammonium (dark gray), nitrite/nitrate (medium gray), and phosphate (white).  Bar height indicates average of nutrient concentrations sampled during last two weeks.  Standard deviation bars show variation in nutrient concentrations during this period. [Units?]

[Good idea to separate out the two time periods as you did]
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Figure 8. Average nutrient concentrations within all tanks of the Living Machine over the entire sampling period.  Tanks are ordered left to right going from the upstream end of the system to the downstream end.  Immediately adjacent bars over each tank represent ammonium (dark gray), nitrite/nitrate (medium gray), and phosphate (white).  Bar height indicates average of nutrient concentrations sampled over entire period.  Standard deviation bars show variation in nutrient concentrations during this time. [Units?]
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Figure 9. NOx concentrations in the clarifier, marsh influent, and effluent over the entire sampling period.  The clarifier is represented by dark gray squares, the marsh influent by black triangles, and the effluent by light gray circles.
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Figure 10. NOx concentrations in the marsh influent and effluent.  Effluent date is shifted to the left by the calculated retention time of the marsh.  

[This is a very clever approach, but see comment below] [Units?]
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Figure 11. Effluent nutrient levels over the sampling period. Gray squares indicate NOx, dark gray triangles indicate PO4, and gray circles indicate NH4+.


Figure 12.  Determining the relationship between two methods of obtaining ammonium concentration.  Concentrations of ammonium measured with an NH4+ Vernier ISE probe (x-axis) are plotted against concentrations measured by a Dionex-500X Ion Chromatograph (y-axis).  Linear regression reveals that the two have a high correlation (R^2=0.9341). [Units on y-axis?]
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Figure 13. Coefficient of variability across the tanks of the Living Machine.  Tanks are ordered left to right going from the upstream end of the system to the downstream end.  Immediately adjacent bars over each tank represent ammonium (dark gray), nitrite/nitrate (medium gray), and phosphate (white).  Bar height indicates degree of variance in nutrient concentrations between samples taken over entire sampling period, (calculated for each nutrient by dividing standard deviation of averaged concentrations by the mean concentration). [Units?]
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	Grayscalization
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	x
	x
	x

	Citationalization
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	Mechanistic diagram
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	Powerpoint creationization
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	Ministry of Britification
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	Deguiltification
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	Ammonification
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	Denitrification
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	Accretion of Recalcitrant Residuals
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	Biomass Uptake
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	Teamwork
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Victoria, Alex, Jacob, Katrina:

Clearly you put a great deal of work into your research project.  The hours of labor that you put into sampling and analysis has resulted in an impressive and useful dataset.  Indeed this is the first comprehensive data that we have yet generated on inorganic nutrients in the LM.  It is also clear that members of your group spent a good deal of time identifying and reviewing the body of literature relevant to your research.  Very nice work on these aspects of your research!

Comments on paper:

Your paper is, unfortunately, not well organized.  The first section of your paper is basically a comprehensive literature review rather than an introduction to your research.  I’m impressed with how thorough you were in your research.  It IS important that you did this research and understand this information.  It is not, however appropriate to share all of this information with a reader who is interested in finding out what hypotheses you intended to address, what new knowledge you have gained through your research and why it is important.  
Everything you write in an introduction should be directly geared towards explaining the problem you intend to address (clear problem statement), why it is important that you address it.  The introduction should contain clear list of mechanistic hypotheses specific to the system under investigation.  Your background section points out issues that are not clear in the literature, but never clearly lays out a set of hypotheses for the Living Machine.  A  journal editors would return this paper to you without even sending it out to reviewers and ask that you cut down the introduction to 1-2 pages and refine organization before resubmitting.
At no point in the paper do you provide the reader with a clear verbal description of the LM (which tanks are aerobic, which are anaerobic, how large they are, where they are located, which ones have plants, temperatures, etc.).  Without this information, it would be impossible for a reader to make sense out of the results.
Both the results and discussion sections are very disorganized and difficult to follow.  For the discussion section, this may result in part from lack of a clear set of hypotheses in your introduction.  Ideally, a discussion section should focus on assessing the extent to which your results are consistent with your hypotheses and then should interpret the larger significance of these findings.  Few of the paragraphs in your discussion have a clearly identifiable topic sentence.
Your graphics are excellent.
Comments on oral presentation:

Generally a well rehearsed and well organized presentation.  As a number of your colleagues pointed out, you tried to include more data than was reasonable given the limited time.  Very nice attention to detail on the overheads.  Your responses to questions generally demonstrated an excellent grasp of the material.
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