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Introduction and Statement of the Problem:
We received a grant from the Southwest Florida Watershed Council to help us in our efforts to assess and monitor the effectiveness of implementing “soft” best management practices (BMP’s) in the San Carlos Park Community in Lee County.  These methods include monitoring basic water quality standards, determining stable nitrogen isotope ratios in macro-algae and sediments, and eventually of obtaining biotic indicators including invertebrates and fish species.  This report focuses primarily on working to assess what proportion of the nitrogen in the outfall from a local community originates from septic tanks, and what proportion can be traced to lawn fertilizer applications.  An additional grant from the FDEP Coastal Partnership Initiative to implement Florida Friendly Yards and Neighborhoods practices in San Carlos Park, administered through the Charlotte harbor National Estuarine Program (CHNEP), is being used to train residents in Florida native landscaping, and provide coupon for plants as incentive (grant CZ814).  Additionally, the primary investigator (Demers) has been working with Lee County gain public support for funding improvements to the storm-water management system for the community, and has applied to the CHNEP for a grant to extend this work to examine the biological diversity of the system as a restoration indicator.
We intend to assess effectiveness of implementing soft BMP’s to accomplish the goal of improving water quality at the outfall.  Samples obtained from various locations within this heavily urbanized community (sediments, plants and water) were collected, processed and then analyzed for various parameters.  We believe a broad biological assessment will be necessary to select the bio-indicators that are most effective in measuring any efficacy for our efforts.  This includes microbiological analysis, invertebrate and vertebrate organisms, in additional to standard water quality and stable isotopes ratios.

We believe that the ability to differentiate between the sources of nitrogen in the basin will help local government prioritize what best management practices and policies may be most effective in achieving nutrient reductions for surrounding area waterways.  Samples were be sent to a stable isotope facility to determine the δ15N ratio.  This work will help us meet the goals of improving collaborations and developing partnerships to work cooperatively toward nutrient reduction goals.  We propose to pool resources and gather scientific data necessary to educate residents, the first step in the process for improvement.  These data are integral to chart the course for real watershed conservation, restoration and stewardship.  This data will help us develop the tools necessary to clearly identify which of our actions are contributing to excess nitrogen levels to enable local government, EBNMP and other partners to promote public education resulting in behavior modification to improve water quality.  

Background:

Southwest Florida is one of the fastest growing regions in the country.  New residents move to Southwest Florida from regions with greatly different climates, weather patterns and water resource supplies.  Deteriorating water quality in the Estero Bay and its tributaries, all of which are classified as Outstanding Florida Waters by the State of Florida, has occurred concurrently with the rapid urbanization of the watershed.  

San Carlos Park is a large (approximately 2,366 acres) (Section 46, Township 25, Range 08) single-family, residential community constructed prior to current storm-water treatment requirements.  Most of the homes are on individual septic systems, and storm-water runoff from the San Carlos Park community is funneled to a single outflow system (Lee County monitoring site 46B-9GR), into the Mullock Creek headwaters.  Lee County’s long-term data set at this site dates back to 1992.  Mullock Creek is on the Florida Department of Environmental Protection’s impaired waters list for dissolved oxygen and Chlorophyll a.  Mullock Creek flows directly into Estero Bay, an Outstanding Florida Water, west of U.S. 41.  
A number of sources are contributing to the excess nutrients released at the Mullock creek outfall at San Carlos Park (Figure 1).  Currently the area’s storm water is under the control of the East Mullock Drainage District, a severely under-funded entity.  Therefore the area receives little or no storm-water treatment.  In addition, the apparently innate American desire for green lawns causes us to add too many nutrients and herbicides to our lawns, the excess of which is being transported into a failing storm-water system. A confounding factor is the fact that the local community golf course receives the treated wastewater from the local wastewater treatment plant and uses that water to irrigate the golf course, a common practice in our region.  In addition to an older and poorly maintained storm-water system, greater than 80% of the nearly 2300 parcels in the community are using individual septic tank systems for waste-water treatment (Figure 2).  That water is purportedly eventually mixing with the storm-water drainage system, and results in poor water quality at the outfall of the community.  

A recent report for the Watershed Council from Johnson Engineering, ranks improvements to San Carlos Park discharge as an effective mechanism to help improve water quality in the Estero Bay.  This is an example of a basin where prioritization and implementation of appropriate water quality improvement projects could promote a meaningful improvement in water quality of the Estero Bay watershed.  There is no data currently available that has determined what proportion of the nitrogen in runoff is from septic system contribution in comparison to lawn fertilizer applications.  We believe that the results of this preliminary research proposal could provide useful baseline data information helping determine effectiveness of best management practices that are being proposed.  These include filter marshes, better storm water management facilities, conversion of septic systems to central sewer or mandatory septic tank maintenance programs and improved other soft best management practices such as Florida friendly landscaping, all of which may be necessary in order to improve the quality of the water leaving the community.  
A clearer understanding of the factors contributing to high nitrogen levels should help gain public support for implementing best management practices, which are often costly and disruptive.  Lee County’s long-term data set at this site that dates back to 1992.  It indicates levels of nitrate and nitrite that routinely exceed 0.2mg/L (Figure 3), with apparently seasonal peaks of nitrogen, nitrates and fecal coliform (among other parameters).  To our knowledge there is no data that has determined what proportion of the excessive nitrogen runoff is from septic systems, in comparison to lawn fertilizer applications, although published literature (described below) provides support for incorporating stable nitrogen isotope research with other water quality parameters, loading models and estimates, and other strategies as a manner to help determine the impact of septic sewage and lawn fertilizer applications.  Preliminary data of this sort that distinguishes the proportionate contribution from these two sources will be a valuable resource as we seek to determine effectiveness of implementing various water quality improvement projects in the coming years.  

We collected and prepare samples of water, vegetation, animal biota and sediments from near the outfall of San Carlos Park (site 46B-9GR). “Positive” controls were obtained from wastewater treatment plants and from lawn fertilizers, and at other select areas within and beyond the community in an effort to untangle the contributing factors to the problem.  Samples of organic material were dried, them to the stable isotope laboratory at the University of California, Davis to measure δ15N and C/N ratios.  We accomplished this project during the summer and fall of 2007, and provide this full report of the results to the funding agency in the winter of 2008.

Brief literature review of stable isotope methodology for addressing the question:

Stable nitrogen isotope research has been firmly established as an effective means to distinguish the various sources of nitrate contaminants in terrestrial soils and aquatic environments through examination of water, sediments, plants, and various consumers.  Stable isotope research is based on the fact that the ratios of 14N and 15N occur overall on earth in a stable and fixed proportion of approximately 273 14N atoms for each 15N atom, (>99.6% 14N) while the δ15N ratio among specific pools (wastewater, fertilizer and atmospheric nitrogen) in the environment differs (Peterson and Fry 1987).  

δ15N =[R(sample)-R(standard)/R(standard)]*1000 

where R= ratio of 15N/14N and R standard is the atmospheric standard.

Generally, Nitrogen from fertilizers has an δ15N around 0+- 4 0/00 (parts per thousand) (Heaton, 1986), while Nitrogen from septic systems and animal waste has a δ15N from +8 to +22 0/00.  (Heaton, 1986).  Levels of δ 15N in atmospheric depositions are about +2 to +8.00 0/00 (Kreitler et al, 1978).  This is because the lighter 14N isotope is preferentially fractionated during nitrification, resulting in higher δ15N ratios as you move higher in the food web.  

Water samples from karst springs were used to identify and track rapid influxes of agricultural chemicals and distinguish between that and livestock waste and sewage effluent waste entering shallow aquifers using stable isotope analysis (Panno et al 2001).  Samples of groundwater wells in coastal Northeastern Australia were also successfully used to distinguish between nitrates from agricultural sources and urban septic runoff (Thorburn et al, 2003).  Fogg et al (1988) were able to distinguish δ15N sources from livestock agricultural field waste soil water samples compared to human waste from soil waters beneath septic effluent with the latter having higher δ15N.  

Macro algae assimilation of δ15N has also been used to determine the sources of nitrate contamination. Ratios similar to those previously mentioned have been obtained in numerous studies.  Seasonal variations of contamination due to leaching and runoff are able to be tracked best in the faster growing of foliose and filamentous species of macro algae (Gartner, 2002), which can take up nitrates from both sediments and the water column.  Macroalgae and mangrove samples have also been used to assess the seasonal influence of sewage and agricultural nutrients in a subtropical river estuary in Australia (Constanzo et al 2003).  In addition, Cole et al (2004) showed a strong correlation between stable nitrogen isotope ratios and water column dissolved inorganic nitrogen (DIN).  

While coral, shellfish, fishes and benthic invertebrates have all also been examined with stable nitrogen ratios to effective help elucidate the various sources of nitrogen and their influence on food webs, we are planning to sample water, sediments and aquatic plants in an effort to develop methodologies by which we can track improvements in water quality brought about by implementing best management practices.  Since we anticipate a great deal of variability of δ15N from various sources, it was important to have numerous controls to most effectively properly determine potential sources of nitrogen.  We believe that the temporal and spatial samples taken and processed concurrently were most effective in yielding valid data to assist in this analysis.  
Materials and Methods:

Water, sediments and macro algae samples were collected and stored for sampling in the manner similar to that described by Rogers (1999), and according to the Lee County Environmental labs standard operating procedures for water sampling.  All algae and sediment samples (collected in Ziploc containers)were immediately stored on ice until returned to the lab for processing.
We collected samples of water, vegetation (macro-algae), and sediments from near the primary outfall of San Carlos Park (site 46B-9GR), as well as select locations within the park.  In addition, we obtained samples from the lakes containing the treated wastewater treatment effluent, from lawn fertilizers products, as well as other areas described in Table 1 below.  We sample each locations in San Carlos Park at two different times- during the dry season (March 2007), and again during a slightly wet season (September, 2007).  

Sampling: 
Sediment:  A surface sediment sample from each location was collected.  The black organic flocculent material that rose to the surface of the sandy sediment was dried separately from the sandy soil, and both were dried in oven for 48 hours at 80°C, and sent for stable isotope analysis the the facility at University of California- Berkeley.
Macroalgae in situ:  When possible, macro-algae was removed from the rocks and substrate, rinsed, and oven-dried.  Approximately 3 mg samples were submitted for analysis of δ15N.
Sample sites, type and reasoning:

	Site
	Justification

	Outfall 46B-9GR
	Sum total of community contribution.

Sample will be compared to routine Lee County monthly sampling to allow integration with other data.

	In canal behind home (17493 Laurel Valley Rd)

(Demers)
	indicative of the surface contribution to the groundwater from the houses that are on city-water and septic systems

	In canal behind home at Constitution Blvd.
	Indicative of surface contributions from lawn fertilizer will be from an area of the park hooked to the sewer system

	In a canal behind home on N. Cypress Dr. 

(Kakareka)
	Indicative of surface contributions from lawn without fertilizer, sewer or city water

	Wastewater treatment plant 1 influent
	Indicative of the human waste contribution

	Wastewater treatment plant 1 effluent
	Indicative of signature leaving wastewater treatment facility

	Pond on golf course from treatment (Golf course effluent)
	Indicative of signature from wastewater treatment facility contributing to any N from golf course irrigation practices.

	Pond on golf course isolated from treatment facility effluent (Golf course lake)
	Indicative of influences due to fertilizer of golf course independent of wastewater resource.


Of course, data from δ15N must also be combined with other data including hydrogeological information and land use patterns in order to make a reasonable conclusion regarding sources of nitrogen in a system.

We propose to use these facts to better determine the specific sources of nitrogen from the community of San Carlos Park, in Lee County, Florida.  This research using extensive sampling and monitoring of flora, fauna and core samples is critical for an understanding of the anthropomorphic influences on coastal eutrophication in southwest Florida.
Data from Lee County DNR and SFWMD will be integrated with these data to better assess the various contributors to the nitrogen excesses leaving San Carlos Park.
This summary report has been prepared that includes analyses and interpretation of the stable isotope data at each location sampled in the study. 
Figure 1.  Aerial image showing surface drainage and water flow patterns for San Carlos Park, Lee County Florida.  Approximate locations of homes with septic tanks are indicated by blue highlighting.
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Figure 2.  Lee County Utilities overlay showing sewer and water infrastructure for San Carlos Park, Lee County, Florida.  Areas in green are served by municipal sewer and water, in blue by water, (with septic) and in red have well-water and septic systems.
[image: image2.emf]
Figure 3.  Lee County Environmental Lab graph of nitrate and nitrite levels from San Carlos Park, Lee County, Florida shows what appears to be a seasonal spike in these parameters and increasing levels since 1992.
[image: image3.emf]
Figure 4:  Representatives from Lee County meet with the Consulting Company (Boyle Engineering) and local residents to discuss the East Mullock Drainage System managed by A. Freeman (center).
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Winged Foot/Oriole- extreme NW of community, perimeter canal- covered in duckweed
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Kakareka- very shallow and slow moving- plenty of fish to be seen
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Laurel Valley/New Jersey (added 9/07) just upstream from Demers
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Demers- always flowing, barely, fish seen, not as stagnant as Kakareka’s seems
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Constitution- appears to be a flow meter at this location- downstream from other sites nearer outfall
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Outfall 46B-9GR
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Golf Course effluent- March sampling- note hue of water from algae
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Golf Course lake- lower in volume and NO algae to be found.
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Results:
Table 1:  Delta N 15 ratios from selected locations within San Carlos Park, and other areas selected for comparison.
	location
	sample site
	sample type
	collection date
	Delta N 15

	Canal 1
	Winged Foot/Oriole
	duckweed
	3/7/2007
	0.86

	Canal 1
	Winged Foot/Oriole
	duckweed
	3/7/2007
	3.67

	canal 1
	Winged Foot/Oriole
	duckweed
	9/3/2007
	3.13

	Canal 1
	Winged Foot/Oriole
	duckweed
	9/3/2007
	2.83

	Canal 1
	Winged Foot/Oriole
	Extract flock
	9/3/2007
	1.87

	
	
	
	
	

	canal 2
	Kakareka 
	sediments leafy
	3/7/2007
	1.70

	canal 2
	Kakareka 
	algae
	3/7/2007
	2.66

	canal 2
	Kakareka 
	Sediment flock
	3/7/2007
	2.50

	canal 2
	Kakareka 
	Sediment flock
	3/7/2007
	2.38

	canal 2
	Kakareka 
	only roots 
	9/3/2007
	-0.90

	canal 2
	Kakareka 
	Roots
	9/3/2007
	-1.82

	canal 2
	Kakareka 
	Scrapings
	9/3/2007
	-0.35

	
	
	
	
	

	canal 3
	Laurel Valley/New Jersey #7
	Extract flock
	9/3/2007
	5.62

	canal 3
	Laurel Valley/New Jersey #7
	Flock
	9/3/2007
	5.07

	canal 3
	Laurel Valley/New Jersey #7
	Lettuce Leafs
	9/3/2007
	0.93

	canal 3
	Laurel Valley/New Jersey #7
	Lettuce Roots
	9/3/2007
	-0.98

	
	
	
	
	

	canal 4
	Demers
	macroalgae/floaty
	3/7/2007
	4.08

	canal 4
	Demers
	leafy
	3/7/2007
	4.15

	canal 4
	Demers
	algae
	3/7/2007
	6.49

	canal 4
	Demers
	algae
	3/7/2007
	5.90

	canal 4
	Demers
	lettuce roots
	9/3/2007
	4.68

	canal 4
	Demers 
	Floating Algae Blob
	9/3/2007
	6.02

	canal 4
	Demers 
	Floating Algae Blobs
	9/3/2007
	4.94

	canal 4
	Demers 
	Lettuce leafs
	9/3/2007
	3.82

	canal 4
	Demers 
	Lettuce leaves
	9/3/2007
	2.92

	canal 4
	Demers 
	Lettuce Roots
	9/3/2007
	4.47

	canal 4
	Demers 
	Sediment flock
	9/3/2007
	5.79

	canal 4
	Demers 
	Extract flock
	9/3/2007
	4.34

	canal 4
	Demers 
	Extract flock
	9/3/2007
	4.95

	canal 4
	Demers 
	Extract flock
	9/3/2007
	2.92

	
	
	
	
	

	canal 5
	Constitution 
	flock
	3/7/2007
	6.39

	canal 5
	Constitution 
	macroalgae
	3/7/2007
	8.72

	canal 5
	Constitution 
	Extract flock
	9/3/2007
	5.37

	canal 5
	Constitution 
	Rinsed Roots
	9/3/2007
	9.27

	canal 5
	Constitution 
	Sediment flock
	9/3/2007
	4.24

	canal 5
	Constitution 
	Extract flock
	9/3/2007
	5.32

	
	
	
	
	

	canal 8
	46B-9GR
	green
	3/7/2007
	11.05

	canal 8
	46B-9GR
	brown
	3/7/2007
	8.51

	canal 8
	46B-9GR
	Sediment flock
	3/7/2007
	10.65

	canal 8
	46B-9GR
	root ball rinsed
	9/3/2007
	6.03

	canal 8
	46B-9GR 
	Algae
	9/3/2007
	7.43

	canal 8
	46B-9GR 
	Sediment flock
	9/3/2007
	5.77

	canal 8
	46B-9GR 
	Extract flock
	9/3/2007
	7.35

	
	
	
	
	

	Lake no septic in SCP
	Briar Cliff Rd Lake 
	Sediment
	10/9/2007
	1.05

	Lake no septic in SCP
	Briar Cliff Rd Lake, SCP
	Sediment flock
	10/9/2007
	0.59

	
	
	
	
	

	lake treatment water
	Golf Course Effluent 
	Sediment flock
	3/7/2007
	17.84

	lake treatment water
	Golf Course Effluent 
	Sediment flock
	9/3/2007
	17.80

	lake treatment water
	Golf Course Effluent 
	Sediment flock
	9/3/2007
	19.46

	lake treatment water
	Golf Course Effluent 
	Sediment flock
	9/3/2007
	17.68

	lake treatment water
	Golf Course Effluent 
	Sediment flock
	9/3/2007
	16.79

	
	
	
	
	

	lake 4
	Golf Course Lake
	Sediment flock
	3/7/2007
	9.96

	lake 4
	Golf Course Lake
	sediments scraped off tree leaves
	9/3/2007
	6.98

	lake 4
	Golf Course Lake 
	Sediment flock
	9/3/2007
	7.81

	lake 4
	Golf Course Lake 
	Extract flock
	9/3/2007
	7.69

	lake 4
	Golf Course Lake  
	Algae scraping off tree leaves
	9/3/2007
	5.05

	location
	sample site
	sample type
	collection date
	Delta N 15

	
	
	
	
	

	
	
	
	
	

	residential, no septic
	CFM Manuel High School 
	Algae
	10/8/2007
	1.82

	residential, no septic
	CFM Manuel High School 
	Sediment flock
	10/8/2007
	2.69

	
	
	
	
	

	Naples Bay
	City Campus at Outfall
	Algae-scraped off rock
	10/9/2007
	2.86

	Naples Bay
	City Campus Mangrove Fringe
	Sediment flock
	10/9/2007
	3.95

	Naples Bay
	City Campus, Naples
	Sediment flock
	10/9/2007
	-1.35

	
	
	
	
	

	Country club, no septic
	FMCC 
	Algae
	10/8/2007
	2.14

	country club no septic
	FMCC 
	duckweed
	10/8/2007
	1.50

	
	
	
	
	

	agricultural
	Spanish Creek 
	Algae
	10/8/2007
	6.16

	agricultural
	Spanish Creek 
	duckweed
	10/8/2007
	6.76

	agricultural
	Spanish Creek 
	Sediment flock
	10/8/2007
	4.11

	
	
	
	
	

	"pristine"
	Telegraph Creek 
	Sediment flock
	10/8/2007
	1.17

	
	
	
	
	

	control air
	Bird Bath algae- no birds
	9/3/2007
	-2.08

	control air
	Bird Bath algae- no birds
	9/3/2007
	-1.54

	
	
	
	
	

	Naples Bay
	Lantera Lake/Treasure Cove
	Sediment flock
	10/9/2007
	-0.50

	Naples Bay
	Lantera Lake/Treasure Cove
	Sediment flock
	10/9/2007
	-0.92

	
	
	
	
	

	Naples Bay
	S Broad Avenue S Outfall
	Algae off seawall
	10/9/2007
	3.05

	Naples Bay
	Spring Lake-off 5th Ave
	Algae-stringy
	10/9/2007
	2.32

	
	
	
	
	

	
	IMPRGR 30
	Sediment flock
	3/7/2007
	6.20

	
	IMPRGR 30
	Sediment flock
	3/7/2007
	5.66

	
	
	
	
	

	
	47A 46R
	Sediment flock
	3/7/2007
	7.17

	
	47A 46R
	Sediment flock
	3/7/2007
	5.13

	
	
	
	
	

	
	47B 11GR
	Sediment flock
	3/7/2007
	5.23

	
	47B 11GR
	greed solid
	3/7/2007
	6.69

	
	
	
	
	

	Fertilizer
	
	
	9/3/2007
	6.49


Table 2:  Water quality data from Lee Environmental Labs – samples collected March, 2007 (a) and September, 2007 (b).

(a) March 26, 2007 sampling data

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Sample Location
	D.O. %
	D.O. (mg/L)
	Temp.
	Conductivity
	pH
	Depth (m)
	Chlorophyll a (mg/M3)
	Pheophytin (mg/M3)
	BOD(mg/L)
	Color, 465nm(CU)
	Entero(colonies/100mL)
	Fecal coliform(colonies/100mL)
	Ammonia(mg/L)
	Nitrite(mg/L)
	Nitrate(mg/L)
	Nitrate+Nitrite(mg/L)
	PO4(mg/L)
	Silica(mg/L)
	Nitrogen, Kjeldahl(mg/L)
	Total Nitrogen(mg/L)
	Total PO4(mg/L)
	TSS(mg/L)
	Turbidity(NTU)

	Winged-foot Oriole
	26.60%
	2.09
	22.5
	0.8
	7.61
	
	19719
	0.5
	86.4
	690
	Confluent
	Confluent
	0.871
	0.008
	0.01
	0.02
	0.093
	7.8
	62
	62
	8.3
	5050
	70.4

	Demers Home
	74.40%
	6.21
	23.8
	0.83
	7.63
	
	30.3
	2
	4.3
	72.6
	460
	440
	0.042
	0.007
	0.02
	0.03
	0.018
	7.1
	1.8
	1.83
	0.17
	33.5
	3.54

	Kakareka Home
	56.70%
	4.99
	24.8
	1.314
	7.23
	
	18.2
	0.5
	2.7
	58.8
	680
	1430
	0.222
	0.008
	0.01
	0.02
	0.004
	6.3
	1.1
	1.12
	0.046
	47
	1.76

	Constitution
	50.30%
	4.08
	25.2
	0.834
	6.87
	0.5
	1.1
	0.5
	1.7
	62.1
	240
	40
	0.087
	0.008
	0.15
	0.16
	0.013
	6.8
	0.81
	0.97
	0.084
	10.8
	4.98

	46B-9GR
	73%
	6.12
	24
	0.844
	7.42
	0.5
	6.3
	2.9
	0.6
	55.5
	250
	270
	0.067
	0.008
	0.2
	0.21
	0.01
	6.7
	0.57
	0.78
	0.026
	4
	5.59

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Treatment In
	55.10%
	
	24.3
	0.015
	7.3
	
	
	
	7.8
	164
	Confluent
	Confluent
	33.1
	0.072
	0.01
	0.07
	3.689
	21
	51
	51.1
	6.1
	114
	60.5

	Treatment Out
	83.90%
	6.75
	26.1
	1.069
	7.38
	
	6.4
	0.5
	0.3
	21
	
	
	11.6
	0.287
	0.11
	0.4
	4.279
	17
	12
	12.4
	4.3
	0.6
	3.25

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Gulf Course Effluent
	15%
	14.02
	24.5
	0.879
	7.53
	0.5
	241.1
	6.8
	8.5
	68.1
	40
	10
	0.414
	0.178
	0.44
	0.62
	0.666
	12
	2.4
	3.02
	1
	26.5
	4.65

	Gulf Course Lake
	96%
	8.01
	24.4
	0.905
	7.99
	0.5
	13.3
	3.5
	5.8
	66.4
	120
	120
	0.2
	0.009
	0.01
	0.02
	0.017
	5.5
	1.8
	1.82
	0.13
	13
	4.25


(b) September 3, 2007 sampling data
Discussion:

Water quality data:

As expected, and was anticipated from the confluent layer of duckweed at the perimeter dike (Winged Foot/Oriole), total nitrogen was high (8.3 mg/L), as was nitrogen, mainly in the form of ammonia which may be a by-product from wildlife.  The confluence of enterobacteria and fecal coliform could be attributed to a gang of Muckovee Ducks that frequent the canal.  

The Golf Course effluent, as expected, was also high in N and total P, although the values for PO4 and total P are not in the same ratio as the other sites- assistance in interpreting these data is appreciated.  Also expectedly, there was very little entero or fecal bacteria growing in this lake (the water is chlorinated as it leaves the treatment facility).

Delta N 15 data:
Some enrichment is apparent in the higher flows sections of canals, and appears to be increasing beyond the golf course, and as the outfall is approached.  This is especially evident in the flocculent layer immediately above the sediments.  The floating algae, and floating plant material don’t’ appear to have as high a ratio, but at the outfall, but the green and brown algae are higher than control areas sampled.  
The lake at Briar Cliff Road, which is surrounded by homes hooked to central sewer had flock sediment levels of only 0.59, and the sediment ratio was 1.50, showing what appears to be no indication of human influence, nor apparently much from fertilizer.  This is in stark contrast to the known control of the Golf Course Effluent lake where the ration was over 17.80, and even the lake next to it, which would only be receiving runoff from watering using the effluent lake, where the little flock present had ratios of over 7.00.  

Fertilizer levels were higher than expected when examining the literature (6.49), as was also seen in the flock and algae from the Spanish Creek (agricultural influenced) samples.  More samples should be taken to verify the value, and other literature examined to assess this difference.  

In conclusion, stable isotope rations, appears to be a valuable tool to help us understand the sources and fate of nutrients in local waterways.  Future work should foucs on verifying and expanding this work to include other sites, other biological indicators and models that we use to determine and assess TMDL’s.
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