The city of Oberlin’s effect on the Plum Creek watershed during a storm event: variation in upstream and downstream water quality during and after storm water run-off as a function of urban land cover
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Abstract


Water quality in a river is influenced by the type of land cover and land use that exists within its watershed. Storm events are important determinants of short-term water quality and total nutrient delivery to receiving bodies of water because they wash large amounts of debris, sediments, and nutrients from the land into the water. Rural land covered with vegetation will tend to decrease run-off, both by absorbing water into the soil and thus slowing down the rate of run-off, and by plant uptake of storm water [might discuss effects on erosion]. In contrast, urban landscapes may increase run-off because storm water will drain off of impermeable surfaces like concrete directly into the river. [what about agricultural landscapes – how are they distinct from other vegetation and from urban environments?] High turbidity and nutrient concentrations may negatively affect river organism diversity and overall river health. In addition, water quality in a river can serve as an indicator and determinant of quality in the body of water it ultimately drains to. [you need to build up to a gap in knowledge that this particular study addresses. What is not known that could be better known as a result of this study?] In this study, we measured the effect of urban land use on Plum Creek during a storm event. Plum Creek is a tributary of the Black River in Northeastern Ohio, which eventually drains into Lake Erie in the city of Lorain just west of Cleveland. Before it connects with the West branch of the Black River, Plum Creek passes through the city of Oberlin. We used two automatic water sampling devices to collect water samples both upstream and downstream of all of Oberlin’s storm drains during and after a storm in order to determine the city’s effect on the creek. We used standard laboratory techniques to measure turbidity and ion concentrations (NH4, Cl, NO2, NO3, PO4). We found that in general, Oberlin increases nutrient concentration and turbidity to Plum Creek during low water flow following a storm, but decreases concentrations in the water (by adding a lower concentration of nutrients than what is added farther upstream of the sampling sites) during high flow during a storm.  [The issue of amount going in vs. changes in concentration is a bit tricky and requires a bit more explanation to make your intended meaning clear]
Introduction and Background

As the field of Ecology has grown, the study of stream ecology has grown with it.  Water quality measurements, plankton and macroinvertebrate population size and diversity, and crayfish and stream fish have all been used with various success and usefulness as indicators of stream health (McDonald et al. 1991, Fureder and Reynolds 2003, Passy et al. 2004, Said 2004) [this does not seem very relevant to your research.  Your work is on chemicals and sediments in the water.  If you want to make the case that population dynamics are influenced by chemistry, that’s fine, but someone picking up your paper and reading this first paragraph will get the sense that this is a population or community level rather than and ecosystem level study]].   The goal in taking these measurements is often to determine the health of the stream and also to correlate watershed conditions with the health of the stream (Meyer 1997, Said 2004).  The most direct link between stream conditions and watershed conditions can be observed through water quality sampling.  


The most direct water quality measurements are turbidity, and nutrient concentration.  These measures can all be tied directly with the watershed characteristics such as the condition of the riparian zone (Jones et al. 1999), the stream’s nutrient dilution [? Not clear what you mean.  Perhaps you mean concentration?]; its resilience to inputs, and the upstream land use.  These water quality measures are also important as indicators of the biotic conditions of the stream because nutrients, turbidity and dissolved oxygen are the major controling factors of productivity in plankton communities (Olguin et al. 2004).  Water quality can thus act as an indicator of the condition of higher trophic levels in streams because these levels are driven by plankton.  [Again, you need to establish a gap in knowledge that directly lead to why you conducted this study; what question is it answering?]]
  Our goal in this study was to use turbidity, and nutrient concentrations to determine the effect of urban land and its associated increase in impermeable surface and storm sewer usage in Oberlin on Plum Creek water quality during and after a storm event.  Urban development usually increases the intensity of runoff following storm events [presumably, at least on a small scale, urbanization does not increase rainfall!]  due to the impermeable surface added as a result of development [I suggest that you move the objectives of your study further down – below the point where you have identified that there is a gap in knowledge].  This is also thought to cause a greater degree of the organic matter and nutrients deposited on the earth to enter streams as run-off (Miltner et al., 2004) [you need to write “thought to” because this is not consistent with what you found].  This is important as biotic health of lotic [avoid unnecessary jargon – “stream” works fine] communities is negatively correlated with the amount of urban land use in the surrounding watershed (Miltner et al., 2004). In addition, past studies have shown run-off from different land use adds different kinds of contaminants (Tong 2002).  For example, nutrients and sediments from agriculture and sodium, and sulfate and chloride from urban deicers (Tong 2002) are known to be present in high concentrations during runoff from storm events [this is good info].
The Lake Erie watersheds have a history of pollution and cultural eutrophication, human impacts that cause increases nutrient and organic matter content in streams which often result in plankton blooms flowed by low species diversity (Richards et al. 2002).  The Black R. drains an area to the west of Cleveland not far from the infamous Cuyahoga River which caught fire due to pollution [when?].  Plum Creek is a tributary of the Black R. that lies in the western portion of the Black R. watershed.  The town of Oberlin lies directly adjacent to Plum Creek.

Plum Creek is a first order stream [define what this means] 14 miles in length that drains agricultural fields upstream of the town of Oberlin, flows through the Oberlin golf course, through the town of Oberlin where it collects inputs from Oberlin storm drains and a wastewater treatment plant and later meets the Black River.  Plum Creek is listed as an impaired water by the state of Ohio and reported by the US EPA due to nutrient levels and siltation with possible sources identified as pasture land and urban run-off/storm drains (US EPA 1998).  The total maximum daily load [define what this is and why it is important or leave it out] has not been reported for Plum Creek.  

A prior study of water quality in Plum creek examined water quality at different locations along the stream during low flow periods. (Fessenden and Timberlake, 2000).  Since high flow periods are thought to have a disproportional effect on stream water quality, we set out to examine the chemical properties and sediment content during high flow periods. Phillips and Bode 2004 conclude that storm event sampling was essential in determining a clear picture of pesticide levels in urban streams, we believe that the same should be true for nutrients [? You need to explain why you feel that this study is relevant].  We account for the effect of storm events in our study by sampling turbidity, ammonium, nitrite, nitrate, phosphate, chloride, and sulfate during a storm event and the streams return to base fall flow following the event at two sites along Plum Creek. One site was [your study is done – use past tense (sometimes present tense may be appropriate)] located upstream of Oberlin’s storm drains, and the other will be located after the last of these drains. Thus the waters entering the stream in these areas are dominated by the effects of urban activity in the watershed.  Generally storms cause higher runoff in impervious areas such as the town of Oberlin and add high levels of nutrients to stream systems in a short time frame [this sentence is redundant to what you have above].  

The previous study was unable to address the overall impact of Oberlin on the water quality of Plum Creek because sampling occurred on a single date and therefore only under one set of conditions without the effect of variation in flow.  A study of this kind [what kind?  The kind they did or the kind you did?]  will provide the community with a means to assess how they affect the quality of their local watershed, how they contribute to the conditions in Lake Erie and what possible impacts they can have on improving the health of Lake Erie.  It may also be useful for the town of Oberlin as a tool in evaluating various development plans and the Black R. Watershed Project which intends to evaluate area stream conditions to develop community awareness. 
We anticipated that water quality indicators would be similar at different sites during base flow periods.  The results of Fessenden and Timberlake (2000) indicate that water quality improves with distance downstream from their upstream sample site, located just upstream from W Hamilton street’s crossing of the Plum Creek which is their sampling site located closest to the agriculture land use that dominates the top of the Plum Creek Watershed.  During a storm event we hypothesized that the water quality would decline for both sites but most significantly at the downstream site due to the effect of urban run-off which will pick up nutrients more easily from the impermeable urban surface [but where would these nutrients come from?].  The increased flow rate would add nutrients and sediment from the watershed and the flow will be most greatly increased in Oberlin where fewer nutrients are incorporated into the soil due to impervious surfaces and storm sewers that channel run-off directly into the stream rather than through groundwater and riparian buffers.  [what about the relative rates of nutrient application in Oberlin vs. the farmed land upstream?]
Methods and Materials


We conducted water sampling at two sites. The first site was located upstream of all of the city storm drains on Pyle Road just north of the intersection of Pyle and West Hamilton Street. This site drains more than half of the Oberlin golf course and is downstream of agricultural land. The second site is downstream of the storm drains, located east of the center of town on Route 511 just upstream of a wastewater treatment plant.

We used two ISCO automatic water samplers [include address of manufacturer] to collect water from Plum Creek. We hung one sampler from a bridge at the upstream site and we placed the other on the creek bank at the downstream site. [where was the intake placed within the stream?  How did you assure that you were not sucking sediment from the bottom?] We programmed the samplers to collect 600 mL of water every two hours for 48 hours, beginning at 7:00pm on November 3rd and ending at 5:00pm on November 5th (later referred to in this report as the first sampling period). A storm event occurred during this first period of sampling, so we decided to reprogram the samplers in order to catch the later part of the hydrograph. We returned to the sites the following day (November 6th) and programmed the samplers to collect water every four hours for 96 hours, beginning at 4:30pm and ending at 12:30pm on November 10th (second sampling period). An error occurred on the downstream sampler, causing it to delay taking the first sample until 9:30pm on the 6th and keeping it from taking the very last sample on the 10th. Thus, the exact time of collection during the second round of water sampling varies between the upstream and downstream sites in our results. 


In addition, we placed a measuring stick in the middle of the creek at the upstream site when we set up the samplers. We did not have access to a flow meter, so we took depth measurements throughout the two sampling periods in order to get a rough idea of the storm’s effect on flow rate. We took these measurements somewhat irregularly, but we made an effort to take more readings per day on the first few days because we thought that depth would be changing more rapidly during this time. [Good description]
We brought each of the two sets of samples back to the lab after collection and immediately analyzed them for turbidity using a Vernier turbidity sensor and the method outlined by R. Johnson et al in Water quality with calculators (R. Johnson, S. Holman and D. Holmquist 2002). We then strained approximately 50mL of each sample with a glass fiber filter and put them in the freezer for preservation. Later, we unfroze the samples and analyzed them for nutrient concentrations. We used an Orion probe and the method out of Water quality with calculators (R. Johnson, S. Holman, and D. Holmquist 2002) to measure ammonia concentration [the method for the Orion probe is very different from that in this reference]. To measure the remaining nutrient concentrations, we used a Dionex Ion Chromatograph and the procedure from its accompanying manual (Petersen 2003) [need to describe what sort of an anion column was installed]. 
Results [All figures need text legends and need to be discussed within the body of your text.  This graph of rainfall is not discussed]
[image: image1]
The first set of graphs we made are all plots of nutrient concentrations and turbidity against time (Figures __[figures need text legends!]_). These time series graphs allow us to compare trends in concentrations with trends in the rain data and hydrograph (also pictured below).  [Describe the data] With the exception of NH4, for which there is no clear peak, and turbidity, nutrients tend to reach their peak concentrations several days after peak flow in the hydrograph [good observation].
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[Colors are very confusing.  In the turbidity graph I looks like you have pink labeled as upstream and blue as downstream.  On other graphs I think this is reversed.  Why red in the last one? ]
Upstream turbidity greatly increases during the storm, peaking in congruence with water depth [this is your proxy for a hydrograph]..  Turbidity at the upstream site decreases rather quickly after peak flow and it continues to remain low and fairly steady over the days following the storm.  Patterns in downstream turbidity are similar but are less extreme.  There are several significant spikes but none are as pronounced as those for the upstream site.  The water clarity increases quickly in the downstream as well but to the same degree as displayed at the upstream site. In addition, downstream turbidity is not as stable as upstream turbidity in the days following the storm, as it has another rise in turbidity days after the storm event has ended and the hydrograph has leveled off. [best to use past tense]
Ammonia (NH4) concentrations are erratic throughout the study but an overall trend is clear.  With only two exceptions, the upstream site contains more ammonia ions than the downstream site. However, it is unlikely that this pattern is significant, because all the concentrations we measured were below the concentration of the minimum standard, and thus may not be accurate.  The low ammonium levels correspond with those found in November during the EPA study (US EPA 1998) and the high DO concentrations found in our single sample at the upstream site (see Appendix C)
Chloride (Cl) concentrations do not begin to rise until almost 3 days after the storm event.  On November 9th, the downstream site’s peak is sharp and extreme in the same manner and time as turbidity.  This might imply a link between turbidity and chlorine [this is discussion], but unlike turbidity, chloride concentrations plummet on November 10th. Downstream chloride concentrations are generally higher than upstream concentrations.

Nitrite/ Nitrate (NO2,3) concentrations rise and fall in much the same way at both sites.  There is a definite trend though: upstream concentration is always higher than downstream concentration. [If certain nutrients behave similarly, it makes sense to combine explanation of them.]
Phosphate (PO4) continues the trend of downstream mirroring upstream with little to no difference between the two. Phosphate concentrations are very similar between sites during the storm. After the storm, it appears that downstream concentration is higher than upstream concentration, but some variability is present. 


In order to compare Oberlin’s effect on Plum Creek between high and low flow periods, we created a graph of the median difference between concentrations at the upstream and downstream sites (downstream minus upstream). We used the depth to determine high and low flow periods: high flow takes place from 11:45am on November 4th to 12:00pm on November 5th (a total of 17 samples), while low flow takes place from 8:30am on November 8th until the end of the sampling period at 12:30pm on November 10th (a total of seven samples). Each bar is expressed as a percentage of maximum concentration of that nutrient – for example, the bars for chloride are expressed as a percentage of the maximum concentration we measured during the sampling period for chloride. This allows us to look at all variables on one set of axes. 


[image: image2]

In this graph, bars that point up represent an increase in concentration by Oberlin to Plum Creek (relative to what was already in the creek), while bars that point down represent dilution. In general, we see that Oberlin adds nutrients/turbidity to Plum Creek during low flow, but exhibits a diluting effect during high flow. This is especially true for turbidity and phosphate. While Oberlin always adds chloride to the creek (regardless of flow), it is somewhat in line with this trend because it adds more during low flow than during high flow [I’m not sure that “adding” is the best way to word this – this is really about diluting or increasing concentration.  As you well know, the degree to which you are adding a substance is a function of flow volume x concentration]. Similarly, although Oberlin always dilutes the creek of nitrite and nitrate, it dilutes less during low flow [yes, I think this is the right wording]. The exception to the trend is ammonium. Oberlin always dilutes Plum Creek of this nutrient, and dilutes it more during low flow. 

Discussion

In this section, we will discuss our results, speculate on possible underlying mechanisms and causes, and suggest further research. However, first it is important to lay out the limitations inherent in our experimental design and results. 

First of all, we were unable to acquire a flow meter, so we had to rely on depth readings to get an idea of water flow rate. The problem with this method is that without a true measure of flow, we cannot calculate the exact amount of each nutrient/turbidity flowing through the creek [indeed, a crucial limitation]. Instead, we have to look at the relative differences in concentrations between the two sites. A related problem occurred with the timing of the automatic samplers. During the second sampling period, the sampler at the downstream site malfunctioned. As a result, it took its first sample five hours late. This caused some inconsistencies and time gaps in our time series graphs. 

We experienced some problems with our results in addition to our sampling problems and surrogate flow measure. Many of the nutrient concentrations we measured were below the concentration in the lowest standard used to set the regression line. Concentrations below this may be inaccurate. A table of the concentration for each low standard is listed below:

Nutrient

Concentration

NH4


0.2 mg/l

Cl


36.49 mg/l

PO4


1.394 mg/l

NO2


0.154 mg/l

NO3


5.566 mg/l

[This table really belongs in your methods section because it addresses methodological issues]
If you take a look back to the graphs presented in the results section, you can see that many of the concentrations, particularly during low flow conditions, are below the listed concentrations, and thus our graphs may not be entirely accurate [While this is no doubt true, you still seem to get fairly consistent differences between upstream and downstream and this suggests that the fact that there are differences is probably correct even if we don’t have confidence in the accuracy of the numbers.]. There are also limitations inherent in our medians graph. Because we have expressed each bar as a percentage of the maximum concentration of the nutrient associated with it, we cannot make comparisons between nutrients. 


Despite these limitations, we have still come to several conclusions about our results. The first is that in general, nutrient concentrations and turbidity tend to increase with increased flow rate (or rather, increased depth as an indicator of flow) and decrease with decreased flow rate at both sites. This is likely because increased flow rate is caused by storm events that wash nutrients, sediments, and debris into Plum Creek both within and upstream of the city of Oberlin [good]. Secondly, we have tentatively concluded that Oberlin tends to increase nutrient concentrations and turbidity during low flow periods (in other words, acts as a source) and decreases them during high flow periods (acts as a source of dilution [source of dilution is right.  It is still ADDING nutrients, but they are lower in concentration so the effect is to dilute]). During low flow, run-off from the urban land cover of Oberlin contains higher concentrations of nutrients and sediments than water already in Plum Creek. In contrast, Oberlin’s run-off contains lower concentrations of nutrients and sediments than water coming from farther upstream during increased flow periods associated with storms. This is not quite the case for all of the nutrients, however. For example, it appears that Oberlin always dilutes the creek of ammonia. However, given that the ammonia concentrations were always below the lowest standard and the fact that Plum Creek is a highly aerobic environment, it is likely that these bars are not meaningful (see Appendix C). Chloride and nitrite/nitrate also do not follow the trend exactly. We believe that Oberlin may always add chloride (regardless of flow rate) because the roads around Oberlin are salted. Storms may wash some of the salt off of the road and into the creek. Studies during the winter and spring months would add weight to this conclusion if the trend remains as salt is added mostly during winter for deicing.  During high flow, this effect is almost matched by chloride coming from father upstream. During low flow, however, water from Oberlin is much more concentrated. While Oberlin always adds chloride to the creek, it does add relatively more during low flow, so it is still somewhat in line with the general trend. Nitrite and nitrate exhibit exactly the opposite. Oberlin always dilutes the creek of these nutrients, but dilutes less during low flow (also somewhat in line with the trend). The reason for Oberlin’s dilution of these nutrients will be discussed later in this section.

It is not surprising that Oberlin does not always add nutrients and turbidity to the creek relative to land farther up in the Plum Creek watershed. Our sampling sites are located downstream of two land practices that likely also have an influence on concentrations in the river. There presently is a construction site located just upstream of our sampling area. It is possible that this area has been stripped of whatever vegetation originally existed there in order to make way for construction. A decrease in vegetative cover will lead to increased run-off because storm water will drain out of the soil that originally would have been taken up by plants. Also, soil may have been loosened during the construction process, increasing the likelihood that it will run off of the land and into the creek. This would increase levels of turbidity and possibly nutrient concentrations as well. Farther upstream, Plum Creek drains agricultural land. At this time of year, the land is probably barren (due to harvesting) and therefore may have an effect on the creek similar to that of the construction site. It is also possible that residual fertilizer (probably a nitrogen fertilizer) from the spring was washed out of the soil by the storm. This would explain why Oberlin always dilutes nitrite and nitrate (i.e., higher concentrations are being washed out of agricultural land upstream of Oberlin than Oberlin adds in its own run-off).  It is also possible that the concentrated treatment of sewage in Oberlin at the waste water treatment center downstream of our sample site and the possible leakage of rural sewage systems located in the upstream section of the watershed is causing the observed nitrite/nitrate concentrations. [Good suggestions]
We would like to make several recommendations for future research on this topic. To begin with, the results of this study would have been much more meaningful if we had been able to measure flow rate in Plum Creek at both locations. A measurement of this sort would allow future researchers to calculate the exact amount of each nutrient flowing between the two sites. Second, it would be interesting to extend this study over the course of a year. A longer study would allow for repetition in storm events and would allow the researchers to see how concentrations change seasonally [also, makes lots of sense to do an annual nutrient budget]. Since concentrations are generally lowest during the month of November in Plum Creek (US EPA 1998), we would have better interpretive strength and possibly different results if we had studied this system over the course of a year.  A year long study would also provide much clearer mechanistic interpretation and therefore greater possibility for changes as a result of the study.  Given the role of agriculture on the upstream land, a year long study would aid in interpretation of the role of agriculture in determining nutrient concentrations as well.   [Excellent conclusions]
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The upstream sampling site. The automatic sampler is 

located under the bridge.
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The downstream sampling site.
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The construction site upstream of the sampling area.


[image: image6]The map would be good in the methods section.
The sub-watersheds that drain to the sampling sites. The area

in dark blue drains to both sites, while the area in light blue

drains only to the downstream site.
Appendix C: Dissolved Oxygen
A dissolved oxygen reading of 10.92 mg/L was obtained at 11:30am, 11/26/04, at the upstream sample site with a water temperature of 3.4 C.
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COMMENTS

1. Title

Summarizes what you did (and what you found if possible).  Yes, however, since you don’t directly quantify urban land cover, I think it probably better to leave “..as a function…” out.
2. Abstract

Summarizes what you did, how you did it, what you found, why important
Gap of knowledge needs to be clearer.  Need to explain importance.
3.  Introduction/Background (revise from proposal)

Context: review relevant findings from literature 

Problem statement establishes gap in knowledge, need for research, how your research fills gap

Mechanistic hypothesis describes what you expected to observe and why
Your introduction contains good information, but it needs to be better organized to establish the gap in knowledge and then address how this gap in knowledge will be addressed in your study.  Seems to me that the critical issue has to do with the fact that urbanization and agriculture have different effects on three important factors: nutrient concentration, rate of water delivery and volume of water delivered to a stream.  The intro needs to tease out mechanisms to explain how the relative importance of these might affect water quality upstream and downstream of Oberlin.  If you were starting with really clean water coming into the city of Oberlin, obviously it would become dirtier.  But if you are starting with dirty water Oberlin might clean it.  This dynamic is critical to the gap in knowledge.
4. Methods (revised from proposal)

Describes what you did in sufficient detail that someone could reproduce

What, where, when, and how did you make your measurements? 

Brief description of samples and equipment

Diagrams, maps of sampling, tables, timelines may be useful 

Reference literature where appropriate (who’s procedure did you use?)
Fine.  It is appropriate to cite references, as you do, but this could still use a bit more detail on a few specifics – e.g. ammonium probe manufactured by Orion, etc.
5. Results:
Include text, tables, graphs & figs that describe but do not interpret results

Explain calculations

Indicate statistical significance
Each figure needs a text legend.  See comments in text
6. Analysis & Discussion:
Interpret meaning of findings in light of other studies

Address limitations of findings and suggests further study
You need more discussion of how this research relates to the findings of other studies.  The strongest part of you paper are the last few paragraphs where you draw conclusions and make recommendations.  
7.  Literature cited:
Use format of the journals Ecology or American Naturalist

Do not use footnotes

8.  General comments:
Excellent research, fascinating results, but organization of paper could be tightened considerably.  Poster presentation was generally excellent.  It would have been appropriate to say more about the effects of different land uses in your introduction (see notes above on this).  Nice job fielding questions.  Good eye contact throughout

Grade on paper = 9

Grade on poster = 9.5
































































































