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Introduction


In the summer of 2010, volunteers for Friends of the Winooski River (hereafter referred to as “Friends”) monitored multiple sites on the Winooski River watershed for various water quality parameters. The objective of this report is to document the data found on E. coli and total coliform levels, and to provide a discussion and analysis of the results. 


The aim of this water quality monitoring is to provide information on the range of water quality across the watershed. The data collected can help educate the public about water quality issues, and promote environmental stewardship. It can also be used to document changes and improvement in waterbody health. The results found help shape public policy by allowing people to identify specific problems in individual bodies of water, and in the watershed as a whole.


The Friends’ volunteer monitoring program, as part of the Four Rivers Partnership, includes sites on the North Branch, Stevens and Jail Branches and the mainstem of the Winooski.  The Partnership consists of towns, schools, and organizations in Central Washington County that are interested in the Winooski River and its watershed. The largest tributary to Lake Champlain in Vermont, the Winooski River forms a major east to west valley through the Green Mountains. The river flows 90 miles from Cabot to Lake Champlain and supports a variety of wildlife and plants. Its watershed drains about 1080 square miles of central Vermont, almost ten percent of the state’s total land area. More than 70 percent of the watershed is forested. Primary uses of the remaining (unforested) land include development, agriculture, and transportation (Vermont Agency of Natural Resources). 


The Friends’ summer water monitoring included E. coli, a bacterial contaminant that can indicate the sanitary quality of water. E. coli stands for Escherichia coli, a member of the Enterobacteriaceae family. Most strains of E. coli are not pathogenic in healthy humans, but some strains can cause serious illness when ingested. Detection of the bacteria in water can indicate recent fecal contamination: E. coli comes from human and animal waste, which rainfall, snowmelt, or other precipitation can wash into a river (U S Food and Drug Administration). When this occurs, the water might also be contaminated with disease-causing bacteria, pathogens, and/or viruses also present in fecal matter. Because of this, fecal coliform bacteria are an indicator of potential health risks for people exposed to the water (Alverno College NSMT). E. coli is counted in Most Probable Number per 100 milliliters of water, abbreviated to mpn/100 ml (Center for Research in Water Resources). The EPA recommends a single sample maximum of 235 mpn/100 ml as an indicator of healthy water for freshwater swimming (U S Environmental Protection Agency). However, the state of Vermont recommends a single sample maximum of 77 mpn/100 ml, which is the most stringent State standard in the nation. This is because Vermont no longer has beaches subject to sewage discharge that also serve thousands of swimmers, like those studied by the EPA (Vermont Agency of Natural Resources). See the Citizen’s Guide to Bacteria Monitoring in Vermont Waters for more information on Vermont’s standard for E. coli.


Although the results will not be covered in this report, volunteers also monitored for several additional water quality parameters. These included phosphorus, nitrates, pH, turbidity, conductivity, alkalinity, and chloride (Appendix 3). 

Phosphorus, or phosphates, fertilize algae and other aquatic plants, accelerating eutrophication in water bodies. Phosphates come from organic matter or other phosphorus-rich material, such as human and animal waste, mineral-rich bedrock, industrial effluent, and fertilizer run-off. Nitrates enter streams and rivers from similar sources, and can cause biological problems in humans, algae blooms, and fish kills (Water Research Center). 

pH indicates the acidity, or the concentration of positive hydrogen ions, of a stream. pH is measured on a scale from 0-14, although most river water falls  between 5 and 7. It determines the solubility and biological availability of nutrients and heavy metals in water (Washington State Department of Ecology). Alkalinity measures the capacity of water to neutralize, or buffer, pH. Lower alkalinity means that the pH of the river can change more rapidly, causing harm to resident organisms. The main contributor to alkalinity is calcium carbonate (CaCO3), which can dissolve into a stream through the natural erosion of minerals containing calcium carbonate, or through run-off from fields where farmers have applied “lime” (Student Watershed Research Project).  

Turbidity is a physical characteristic of water that expresses its cloudiness, or how much light gets scattered when it passes through. Suspended matter, such as clay, silt, sand, or sediment, can cause high turbidity in stream water. High turbidity can raise water temperature, and thereby decrease dissolved oxygen, by absorbing solar energy. Suspended sediment can also protect and provide a habitat for harmful pathogens present in the water (US EPA). Conductivity measures the ability of water to conduct electricity through dissolved ions. Similar to turbidity, conductivity indicates the amount of total dissolved solids in a river of stream. 


A growing concern in water quality, chlorides can become toxic to aquatic life in high concentrations. Some chlorides have also been linked to cancer after long periods of exposure to contaminated drinking water. Common sources of chlorides include de-icing salt, agricultural and urban run-off, and discharges from industrial and wastewater treatment plants (US EPA).

Methods

Community volunteers collected E. coli samples from 18 sites on the Winooski River watershed on a bi-weekly basis throughout the months of July, August, September, and October 2010. Volunteers, including students from U-32 High School, also monitored for phosphorus, nitrates, pH, turbidity, conductivity, alkalinity, and chloride (Appendix 3). 

The 18 sites included 11 locations on the Winooski North Branch, four locations on the Stevens Branch, and three locations on the main Winooski River (Figure 1). In wadeable water, participants collected samples in the center of the stream, from just below the surface to near the bottom. In deep water sampling areas, volunteers used a pole to collect individual grab samples from a mid-depth. At the Wrightsville Reservoir site, samples were collected from surface water near the shore. Volunteers used standard sampling protocol to determine the number of samples to be collected.

A trained volunteer for the Friends analyzed samples from each site independently. Of the 18 sites, six were also evaluated by the State. Samples from this subset of the monitoring locations were submitted to and analyzed by the state LaRosa Laboratory, through the VT DEC Laboratory Services Grant Project. The results from the LaRosa Laboratory provide a second set of data to verify the quality of the partnership’s testing process and to confirm their results. See Appendix 1 for the abbreviations for each site used by the State.


The Friends used the Quanti-Tray method for internal tests of E. coli and total coliform levels. The Quanti-Tray is an EPA-approved method, which requires the following process and protocol.  Samples were kept on ice until processing. To begin, the tester pipetted out any excess water from the sample bottle to be tested until exactly 100 ml remained. He/she then added Colilert from a 100 ml prescribed packet to the bottle, put the lid back on, and shook the bottle until the Colilert dissolved. Next, the tester poured the sample into a Quanti-Tray and ran the tray through a sealing device. Once the Quanti-Tray was sealed, he/she placed it in an incubator set at 35 degrees Celsius for 24-25 hours. After the prescribed period of time, a volunteer would count the number of cells that had turned yellow under normal light and under a black light. The cell count under regular light indicated the total coliform and the cell count under the black light indicated the E. coli level in the sample.  There is no water quality standard for total coliform so the results and tables in the rest of this report will only address E. coli. 


The partnership submitted E. coli samples from six of the sites to the LaRosa Laboratory on the second and fourth Tuesday of July and August.  The LaRosa Laboratory is an EPA certified laboratory.  Results from these samples are posted online through the VT Department of Environmental Conservation at the following web address: http://www.anr.state.vt.us/dec/waterq/cfm/volmon/results.cfm?id=40.  


Figure 1.

Location of water quality monitoring sites used during the summer and fall of 2010 on the Winooski River in north central Vermont. Sites are shown from upstream to downstream, and correspond with order in Results and Discussion.
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Results and Discussion

Upper North Branch


The upper North Branch sites were the furthest upstream of all of the locations monitored. They included (from upstream to downstream) the Hancock Brook Potholes swimming hole, Minister Brook dam swimming hole, Worcester Dam swimming hole, Mill Road swimming hole, and Martins/Herrick Brook swimming hole. (see Table 1). 

Table 1

E. coli results for multiple locations and dates during the summer and fall of 2010 on the upper North Branch of the Winooski River, in North Central Vermont.

	 
	
	Parntership Quanti-Tray Results
	State LaRosa

Lab Results
	Duplicate Sample

	Location
	Date
	E. coli (mpn/100 ml)
	E. coli(mpn/100 ml)
	E. coli(mpn/100 ml)

	Hancock Brook Potholes Swimming Hole
	27-Jul
	6.3
	7.45
	6.15

	 
	10-Aug
	46.1
	15.79
	 

	 
	24-Aug
	7.5
	1
	5.21

	 
	14-Sep
	1
	 
	 

	 
	11-Oct
	5.2
	 
	 

	Minister Brook Dam Swimming Hole
	27-Jul
	6.3
	1
	 

	 
	10-Aug
	54.6
	39.31
	17.12

	 
	24-Aug
	5.2
	3.04
	 

	 
	14-Sep
	1
	 
	 

	 
	20-Sep
	2
	 
	 

	 
	11-Oct
	5.2
	 
	 

	Worcester Dam Swimming Hole
	27-Jul
	461.1
	 
	 

	 
	10-Aug
	648.8
	 
	 

	 
	24-Aug
	111.2
	 
	 

	Martins/Herrick Brook Swimming Hole
	27-Jul
	0
	 
	 

	 
	10-Aug
	31.3
	 
	 

	 
	24-Aug
	24.3
	 
	 

	 
	14-Sep
	47.3
	 
	 

	 
	20-Sep
	1
	 
	 

	 
	11-Oct
	2
	 
	 

	Mill Road Swimming Hole
	27-Jul
	105
	 
	 

	 
	10-Aug
	83.3
	 
	 

	 
	24-Aug
	50.4
	 
	 

	 
	20-Sep
	2
	 
	 


Volunteers found an average E. coli of 71.2 mpn/100 ml at the upper North Branch sites.  Many of the sites had very low E. coli levels: The Hancock Brook Potholes swimming hole, Martins/Herrick Brook swimming hole, Mill Road swimming hole, Minister Brook Dam swimming hole and Wrightsville Reservoir Boat Launch all had less than 2 mpn/100 ml by September. On certain dates, the Worcester Dam and the Mill Road swimming hole, had higher E. coli levels than the state recommendation of 77 mpn/100 ml. The E. coli at the Mill Road swimming hole reached 83.3 mpn/100 ml on August 10th. E. coli at the Worcester Dam swimming hole remained above 77 mpn/100 ml for all monitoring dates, reaching 648.8 mpn/100 ml on August 10th. High E. coli at the Worcester Dam swimming hole may be due to the fact that still water tends to contain more E. coli than flowing water, because bacteria from point (such as sewage outfall) and non-point sources (such as visitors and animals) can collect and grow in the water body over time without getting washed away (ma.water.usgs.gov). High E. coli at the Mill Road swimming hole may be due to run-off from nearby agricultural fields. 

The Wrightsville Reservoir


The Wrightsville Reservoir site was located between the upper and lower North Branch locations, at the Wrightsville Reservoir boat launch. It was the only site on a reservoir/lake.

Table 2. 

 E. coli results at the Wrightsville Reservoir Boat Launch for multiple dates during the summer and fall of 2010 on the North Branch of the Winooski River, in North Central Vermont.

	
	
	Partnership Quanti-Tray Results
	
	State LaRosa Lab Results

	Location
	Date
	Total Coliform
	E. coli (mpn/100 ml)
	E. coli

	Wrightsville Reservoir Boat Launch
	27-Jul
	0
	0
	 

	 
	10-Aug
	96
	69.1
	58.33

	 
	24-Aug
	>2419.6
	2
	7.38

	 
	14-Sep
	33.6
	0
	 

	 
	20-Sep
	387.9
	4
	 

	 
	11-Oct
	185
	69.7
	 



The average E. coli found at the Wrightsville Reservoir site was 24 mpn/100 ml, and E. coli levels stayed below the state recommendation of 77 mpn/100 ml throughout all of the testing dates. E. coli varied slightly at the site, peaking at 69.1 mpn/100 ml on August 10th and 69.7 mpn/100 ml on October 11th, and remaining below 5 mpn/100 ml for all of the other testing dates. 

Lower North Branch


The lower North Branch sites were located in more developed areas, below the Wrightsville Reservoir and before the North Branch joins the Winooski River. The lower North Branch sites included two locations at the North Branch Nature Center (hereafter referred to as NBNC), the Montpelier Recreation field access, and Mill Pond Park.

Table 3. 

E. coli results for multiple locations and dates during the summer and fall of 2010 on the North Branch of the Winooski River, in North Central Vermont.

	
	
	Parntership Quanti-Tray Results
	State LaRosa

Lab Results

	Location
	Date
	E. coli (mpn/100 ml)
	E. coli (mpn/100 ml)

	North Branch Nature Center Garden
	27-Jul
	54.6
	

	 
	10-Aug
	184.2
	

	 
	24-Aug
	101.4
	

	 
	14-Sep
	62.9
	

	 
	20-Sep
	13.5
	

	 
	11-Oct
	13.2
	

	North Branch Nature Center Bridge
	27-Jul
	48
	13.23

	 
	10-Aug
	111.2
	103.94

	 
	24-Aug
	95.9
	77.57

	 
	14-Sep
	66.8
	 

	 
	20-Sep
	13.2
	 

	 
	11-Oct
	8.5
	 

	Montpelier Recreation Field
	27-Jul
	29.9
	

	 
	10-Aug
	178.5
	

	 
	24-Aug
	90.6
	

	 
	20-Sep
	18.7
	

	 
	11-Oct
	25.7
	

	Mill Pond Park Access
	27-Jul
	105
	

	 
	10-Aug
	387.3
	

	 
	24-Aug
	193.5
	

	 
	14-Sep
	111.2
	



The average E. coli found at the lower North Branch sites was 91 mpn/100 ml. Each of the locations had E. coli levels over the state’s recommended limit for at least two of the monitoring dates. The fecal coliform levels at the NBNC sites were fairly similar, although on August 10th, E. coli at the Community Garden site was 73 mpn/100 ml higher than it was at the Bridge. This may be due to fertilizer runoff from the garden. E. coli at the Mill Pond Park access stayed above 100 mpn/100 ml, significantly higher than the other lower North Branch locations, throughout the monitoring period. Mill Pond Park is downstream of more development than the other sites, including housing development along the river. This may be the cause of higher fecal contamination levels at the site. 

For the NBNC Bridge, there were some unexplainable differences between the State lab results and those of the Friends. They differ by 34.77 (mpn) per 100 ml for the July 27th monitoring event. 

Winooski River

The Winooski River sites were located near downtown Montpelier below the confluence of the North Branch and the Winooski River. They included the mouth of the North Branch, the Two Rivers Center (above the confluence with the Stevens Branch), the Montpelier High School access, and the mouth of the Dog River. No samples from these sites were sent to the LaRosa lab for analysis.  

Table 4. 

E. coli results for multiple locations and dates during the summer and fall of 2010 on the upper Winooski River, in North Central Vermont.

	
	
	Parntership Quanti-Tray Results

	Location
	Date
	E. coli (mpn/100 ml)

	Mouth of the North Branch
	28-Jul
	32

	 
	11-Aug
	187.2

	 
	25-Aug
	1203.3

	 
	15-Sep
	90.6

	 
	21-Sep
	95.8

	Two Rivers Center Access
	28-Jul
	248.9

	 
	11-Aug
	118.6

	 
	25-Aug
	325.5

	 
	15-Sep
	28.2

	 
	21-Sep
	49.6

	 
	12-Oct
	43.2

	Montpelier High School Access Point
	28-Jul
	13.4

	 
	11-Aug
	150

	 
	25-Aug
	313

	 
	15-Sep
	289.4

	 
	21-Sep
	20.1

	 
	12-Oct
	27.5

	Below Mouth of Dog River Near Gateway Park
	28-Jul
	325.5

	 
	11-Aug
	272.3

	 
	25-Aug
	501.2

	 
	15-Sep
	54.6

	 
	21-Sep
	79.4

	 
	12-Oct
	31.3


Volunteers found an average of 196 mpn/100 ml at the Winooski River locations. All of the sites had higher E. coli levels than the state recommendation of 77 mpn/100 ml for at least three of the testing dates. E. coli at the mouth of the North Branch was the highest, and varied considerably. On July 27th, E. coli measured only 32 mpn/100 ml at the site. On August 24th, E. coli was 1203.3 mpn/100 ml, the highest E. coli found in the entire study. The mouth of the North Branch is directly downstream of downtown Montpelier, so bacteria from upstream sources in the town may cause high E. coli at the site. The other lower North Branch sites showed similar variations in E. coli levels, although the variations were not as pronounced. E. coli at the Montpelier High School access was the lowest for the sites in this grouping, averaging 136 mpn/100 ml.

Stevens Branch and Jail Branch


The Stevens Branch and Jail Branch sites were located around Barre on either the Stevens Branch or the Jail Branch of the Winooski River. They included two downtown sites (SB01, SB02), one site along the Barre-Montpelier Road (SB03), and Spaulding Falls on the Jail Branch. 

Table 5. 

E. coli results for multiple locations and dates during the summer and fall of 2010 on the Stevens Branch and Jail Branch of the Winooski River, in North Central Vermont.

	
	
	Parntership Quanti-Tray Results
	State LaRosaLab Results

	Location
	Date
	E. coli (mpn/100 ml)
	

	Spaulding Falls on Jail Branch
	27-Jul
	7.5
	113.7

	
	10-Aug
	228.2
	124.25

	
	24-Aug
	218.7
	248.9

	
	14-Sep
	22.6
	

	
	20-Sep
	258.9
	

	
	11-Oct
	166.4
	

	Steven’s Branch above Prospect St. 
	27-Jul
	275.5
	

	
	10-Aug
	285.1
	

	
	24-Aug
	298.7
	

	
	14-Sep
	28.2
	

	Steven’s Branch below Route 62
	27-Jul
	275.5
	

	
	10-Aug
	755.6
	

	
	24-Aug
	686.7
	

	
	14-Sep
	40.8
	

	Steven’s Branch along Route 302
	27-Jul
	456.9
	

	
	10-Aug
	204.6
	

	
	24-Aug
	593.8
	


The average E. coli found at the Steven’s Branch and Jail Branch sites was 283 mpn/100 ml, and E. coli levels for these locations measured over 77 mpn/100 ml for almost every monitoring date. The average E. coli found at the first three sites increased from upstream to downstream: Volunteers found an average of 150 mpn/100 ml at Spaulding Falls, 222 mpn/100 ml at SB01, and 440 mpn/100 ml at SB02. This suggests an increase in fecal coliform contamination from upstream to downstream along the downtown stretch of the Steven’s Branch. E. coli at the Route 302 site was relatively similar to the Route 62 site, with an average count of 418 mpn/100 ml. Both sites had E. coli levels over 500 mpn/100 ml at their peaks.

At Spaulding Falls, there were some unexplainable differences between the State lab results and those of the Friends. They differ by 106.2 (mpn) per 100 ml for July 27th and 104 mpn/100 ml on August 10th. 

Summary



The summer water quality monitoring done by the Friends revealed a wide range of E. coli levels across the watershed. The sites on the North Branch generally had the lowest E. coli levels. This is most likely due to the fact that the North Branch locations were least affected by human development of all of the locations tested. E. coli for the sites on the Steven’s Branch and the Winooski were considerably higher, as all of the sites had an average E. coli level over the state’s recommended limit of 77 mpn/100 ml. This was probably because the Winooski sites and Stevens Branch sites were further downstream than the North Branch sites, and exposed to more sources of fecal contaminants.  

The Worcester Dam, the mouth of the North Branch, below the mouth of the Dog River, the lower downtown Barre site SB02, and SB03 all had E. coli levels over 500 mpn/100 ml at their peaks. Such a high level of E. coli indicates nearby point sources of fecal contamination, such as sewage outfall or storm water drains. Except for the Worcester Dam, all of these sites were in downtown areas. 

The city of Montpelier has a “combined” sewer overflow system. When storm flows are too high, storm water and wastewater are combined in the same drainage system, bypassing the wastewater treatment plant. Montpelier’s Public Works Department is currently working on a project to separate storm and sewer water on five streets (City of Montpelier). This may reduce E. coli levels at the downtown Montpelier sites.

For every location except for the Martins/Herrick Brook swimming hole and the Mill Road swimming hole, E. coli levels peaked on either August 10th or August 24th. This high point was then followed by a noticeable dip in September values. Higher temperatures stimulate bacteria growth (USGS). The air temperature rose to above 80 degrees Fahrenheit on August 9th and 70 degrees on August 23th, heating up the water prior to the monitoring events, and causing bacteria levels to increase. Precipitation totaling over 4 inches on the 2nd, 3rd, 4th, 9th, 19th, and 22nd of August may have washed contaminants from agricultural fields into the watershed, resulting in higher E. coli levels for the August testing dates. For comparison, rainfall between August 24th and September 14th totaled little over half an inch (Lyndon State College Meteorology). However, at the Martins/Herrick Brook site, E. coli didn’t peak until September 14th at 47.3 mpn/100 ml, then dropped to 1 mpn/100 ml on September 20th. At the Mill Road swimming hole, E. coli was highest on July 27th at 105 mpn/100 ml, then gradually decreased for the rest of the testing period. These differences in results for E. coli were most likely caused by variations in local contaminant sources, although fecal bacteria levels stayed relatively low throughout  the summer for both sites. 

The E. coli found at the lower downtown site SB02 and the mouth of the North Branch varied by more than 700 mpn/100 ml between different testing dates. At SB02, E. coli reached 755.6 mpn/100 ml on August 24th, then dropped to 40.8 mpn/100 ml by September 14th. At the mouth of the North Branch, E. coli levels started at 32 mpn/100 ml on July 27th, then climbed to 1203.3 mpn/100 ml by August 24th. The high amount of total precipitation from July 27th to August 24th as compared to much lower precipitation between August 24th and September 14th may have caused the discrepancy in fecal coliform results. Also, the water temperature dropped from around 75 degrees on August 24th to 60 degrees on September 14th, most likely causing a decrease in bacteria growth (Lyndon State College Meteorology). 

The state lab produced relatively similar results for most of the testing dates (Appendix 2).  It produced significantly different results for only two locations: the North Branch Nature Center Bridge and Spaulding Falls. This may be due to differences in volunteer training or testing procedures. Further investigation may be required to reduce variations in future monitoring results, if such differences cause the results to be less meaningful.

Appendices

   Appendix 1.

Names and state laboratory abbreviations of monitoring sites for river monitoring during the summer and fall of 2010 on the Winooski River in north central Vermont. Sites are listed in the table from upstream to downstream, and correspond to markers on map (figure 1).

	Site Name
	Abbreviation

	Hancock Brook Potholes Swimming Hole
	HANPOT

	Minister Brook Dam Swimming Hole
	MINDAM

	Worcester Dam Swimming Hole
	WORDAM

	Martins/Herrick Brook Swimming Hole
	MARHER

	Mill Road Swimming Hole
	NBMAIN

	Wrightsville Reservoir Boat Launch
	WRIGHTS

	North Branch Nature Center Garden
	NBNC01

	North Branch Nature Center Bridge
	NBNC02

	Montpelier Recreation Fields 
	MONTREC

	Mill Pond Park Access
	MILLPD

	Mouth of the North Branch
	MOUTH

	Two Rivers Center Access
	2RIVERS01

	Montpelier High School Access
	MONTHS

	Below Mouth of Dog River near Gateway Park
	DOGRIV

	Spaulding Falls on the Jail Branch
	SPAULD

	Stevens Branch above Prospect Street
	SB01

	Stevens Branch below Route 62
	SB02

	Stevens Branch along Route 302
	SB03


 Appendix 2.

E. coli results for multiple locations and dates during the summer and fall of 2010 on the Winooski River, in north central Vermont.

	 
	 
	Monitoring Results
	State LaRosa Lab Results
	Duplicate Sample

	Location
	Date
	E. coli (mpn/100 ml)
	E. coli
	E. coli

	Hancock Brook Potholes Swimming
	27-Jul
	6.3
	7.45
	6.15

	 
	10-Aug
	46.1
	15.79
	 

	 
	24-Aug
	7.5
	1
	5.21

	 
	14-Sep
	1
	 
	 

	 
	11-Oct
	5.2
	 
	 

	Minister Brook Dam Swimming Hole 
	27-Jul
	6.3
	1
	 

	 
	10-Aug
	54.6
	39.31
	17.12

	 
	24-Aug
	5.2
	3.04
	 

	 
	14-Sep
	1
	 
	 

	 
	20-Sep
	2
	 
	 

	 
	11-Oct
	5.2
	 
	 

	Worcester Dam Swimming Hole
	27-Jul
	461.1
	 
	 

	 
	10-Aug
	648.8
	 
	 

	 
	24-Aug
	111.2
	 
	 

	Martins/Herrick Brook Swimming
	27-Jul
	0
	 
	 

	 
	10-Aug
	31.3
	 
	 

	 
	24-Aug
	24.3
	 
	 

	 
	14-Sep
	47.3
	 
	 

	 
	20-Sep
	1
	 
	 

	 
	11-Oct
	2
	 
	 

	Mill Road Swimming Hole
	27-Jul
	105
	 
	 

	 
	10-Aug
	83.3
	 
	 

	 
	24-Aug
	50.4
	 
	 

	 
	14-Sep
	 
	 
	 

	 
	20-Sep
	2
	 
	 

	Wrightsville Boat Launch
	27-Jul
	0
	 
	 

	 
	10-Aug
	69.1
	58.33
	 

	 
	24-Aug
	2
	7.38
	 

	 
	14-Sep
	0
	 
	 

	 
	20-Sep
	4
	 
	 

	 
	11-Oct
	69.7
	 
	 

	North Branch Nature Center Community Garden 1
	27-Jul
	54.6
	 
	 

	 
	10-Aug
	184.2
	 
	 

	 
	24-Aug
	101.4
	 
	 

	 
	14-Sep
	62.9
	 
	 

	 
	20-Sep
	13.5
	 
	 

	 
	11-Oct
	13.2
	 
	 

	North Branch Nature Center Bridge 2
	27-Jul
	48
	13.23
	 

	 
	10-Aug
	111.2
	103.94
	 

	 
	24-Aug
	95.9
	77.57
	 

	 
	14-Sep
	66.8
	 
	 

	 
	20-Sep
	13.2
	 
	 

	 
	11-Oct
	8.5
	 
	 

	Montpelier Recreation Field
	27-Jul
	29.9
	 
	 

	 
	10-Aug
	178.5
	 
	 

	 
	24-Aug
	90.6
	 
	 

	 
	20-Sep
	18.7
	 
	 

	 
	11-Oct
	25.7
	 
	 

	Mill Pond Park Access
	27-Jul
	105
	 
	 

	 
	10-Aug
	387.3
	 
	 

	 
	24-Aug
	193.5
	 
	 

	 
	14-Sep
	111.2
	 
	 

	Mouth of the North Branch
	27-Jul
	32
	 
	 

	 
	10-Aug
	187.2
	 
	 

	 
	24-Aug
	1203.3
	 
	 

	 
	14-Sep
	90.6
	 
	 

	 
	20-Sep
	95.8
	 
	 

	Two Rivers, Above Stevens Branch 1
	27-Jul
	248.9
	 
	 

	 
	10-Aug
	118.6
	 
	 

	 
	24-Aug
	325.5
	 
	 

	 
	14-Sep
	28.2
	 
	 

	 
	20-Sep
	49.6
	 
	 

	 
	11-Oct
	43.2
	 
	 

	Montpelier High School Access Point
	27-Jul
	13.4
	 
	 

	 
	10-Aug
	150
	 
	 

	 
	24-Aug
	313
	 
	 

	 
	14-Sep
	289.4
	 
	 

	 
	20-Sep
	20.1
	 
	 

	 
	11-Oct
	27.5
	 
	 

	Below Mouth of Dog River Near Gateway Park
	27-Jul
	325.5
	 
	 

	 
	10-Aug
	272.3
	 
	 

	 
	24-Aug
	501.2
	 
	 

	 
	14-Sep
	54.6
	 
	 

	 
	20-Sep
	79.4
	 
	 

	 
	11-Oct
	31.3
	 
	 

	Spaulding Falls on Jail Branch
	27-Jul
	7.5
	113.7
	 

	 
	10-Aug
	228.2
	124.25
	 

	 
	24-Aug
	218.7
	248.9
	 

	 
	14-Sep
	22.6
	 
	 

	 
	20-Sep
	258.9
	 
	 

	 
	11-Oct
	166.4
	 
	 

	Steven's Branch near Prospect St. SB01
	27-Jul
	275.5
	 
	 

	 
	10-Aug
	285.1
	 
	 

	 
	24-Aug
	298.7
	 
	 

	 
	14-Sep
	28.2
	 
	 

	Lower Downtown Site SB02
	27-Jul
	275.5
	 
	 

	 
	10-Aug
	755.6
	 
	 

	 
	24-Aug
	686.7
	 
	 

	 
	14-Sep
	40.8
	 
	 

	Flows, Riparian Enhancements SB03
	27-Jul
	456.9
	 
	 

	 
	10-Aug
	204.6
	 
	 

	 
	24-Aug
	593.8
	 
	 


Appendix 3.

Table 1.

Phosphorus, pH, water temperature, nitrate, turbidity, and conductivity results for multiple locations and dates during the summer and fall of 2010 on the Winooski River, in north central Vermont. This data was collected by students from U-32 High School under the supervision of Brian Slopey.

	Location
	Date
	Phosphorus (mg/l)
	pH
	Temp. (degrees F)
	Nitrate (mg/l)
	Turbidity (NTU)
	Conductivity (uS)

	Below Mouth of Dog River Near Gateway Park
	27-Jul
	 
	 
	 
	 
	 
	 

	 
	20-Sep
	0.08
	6.8
	62
	0
	 
	80

	 
	11-Oct
	0.19
	6.4
	58
	0.3
	3.43
	203

	Hancock Brook Potholes Swimming
	27-Jul
	 
	 
	 
	 
	 
	 

	 
	11-Oct
	0.29
	6
	 
	0.3
	0.71
	21

	Martins/Herrick Brook Swimming Hole
	27-Jul
	 
	 
	 
	 
	 
	 

	 
	20-Sep
	0.06
	6
	61.4
	0.4
	0.3
	41

	 
	11-Oct
	0.07
	6
	62
	0.3
	1.56
	20

	Mill Road Swimming Hole
	27-Jul
	 
	 
	 
	 
	 
	 

	 
	20-Sep
	0.15
	5.5
	 
	1
	0.37
	168

	 
	11-Oct
	 
	 
	 
	 
	 
	 

	Minister Brook Dam Swimming Hole 
	27-Jul
	 
	 
	 
	 
	 
	 

	 
	20-Sep
	0.15
	5.5
	 
	1
	0.37
	168

	 
	11-Oct
	0.29
	6
	 
	0.3
	0.71
	21

	Montpelier High School Access Point
	27-Jul
	 
	 
	 
	 
	 
	 

	 
	20-Sep
	0.05
	7
	57
	1.4
	1.96
	277

	 
	11-Oct
	0.12
	7
	 
	0.1
	2.98
	217

	Montpelier Recreation Field Boulder
	27-Jul
	 
	 
	 
	 
	 
	 

	 
	20-Sep
	0.06
	7
	64.5
	0.44
	2.17
	48

	 
	11-Oct
	0.01
	6.5
	 
	0.5
	4.23
	44

	Mouth of the North Branch
	27-Jul
	 
	 
	 
	 
	 
	 

	 
	20-Sep
	0.08
	6
	61.2
	0.7
	3.08
	77

	 
	11-Oct
	 
	 
	 
	 
	 
	 

	North Branch Nature Center Bridge
	27-Jul
	 
	 
	 
	 
	 
	 

	 
	20-Sep
	0.15
	6
	 
	0.4
	2.24
	47

	 
	11-Oct
	0.05
	7
	 
	1.4
	3.82
	25

	North Branch Nature Center Garden
	27-Jul
	 
	 
	 
	 
	 
	 

	 
	20-Sep
	0.1
	6
	 
	0.1
	2.55
	41

	 
	11-Oct
	0.15
	6.5
	56
	0.5
	3.38
	36

	Spaulding Falls on Jail Branch
	27-Jul
	 
	 
	 
	 
	 
	 

	 
	20-Sep
	0.22
	7
	55
	0.1
	1.07
	207

	 
	11-Oct
	0.16
	7
	 
	1.7
	1.78
	286

	Two Rivers, Above Stevens Branch 1
	27-Jul
	 
	 
	 
	 
	 
	 

	 
	20-Sep
	0.17
	6.5
	61
	 
	2.58
	258

	 
	11-Oct
	0.14
	6
	 
	1.5
	3
	213

	Wrightsville Reservoir Boat Launch
	27-Jul
	 
	 
	 
	 
	 
	 

	 
	20-Sep
	0.12
	6
	64
	0.2
	8.85
	46

	 
	11-Oct
	0.14
	6
	63
	1.5
	8.4
	30


Table 2.

Alkalinity, chloride, TP, and turbidity for multiple locations and dates during the summer and fall of 2010 on the Winooski River, in north central Vermont. These results were produced by the LaRosa Laboratory as part of the VT DEC Laboratory Services Grant Project.

	 
	 
	State Results
	 
	 
	 

	Location
	Date
	Alkalinity (mg CaCO3/l)
	Chloride (mg/l)
	TP (ug p/l)
	Turbidity (NTU)

	Hancock Brook Potholes Swimming
	13-Jul
	 
	<2
	15.5
	1.06

	 
	10-Aug
	7.5
	<2
	5.17
	0.21

	 
	14-Sep
	10.5
	<2
	6.21
	 

	Minister Brook Dam Swimming Hole 
	13-Jul
	 
	<2
	18.4
	0.66

	 
	10-Aug
	8.8
	<2
	7.54
	0.46

	 
	14-Sep
	12.2
	<2
	6.98
	 

	Mill Road Swimming Hole
	13-Jul
	 
	5.98
	25.4
	0.81

	 
	10-Aug
	12.9
	4.44
	9.09
	0.81

	 
	14-Sep
	13.6
	8.44
	9.41
	 

	North Branch Nature Center Community Garden 1
	13-Jul
	 
	4.53
	21.4
	4.03

	 
	10-Aug
	12.7
	4.23
	18.3
	2.83

	 
	14-Sep
	19.5
	5.86
	13.9
	 

	Mill Pond Park  Access
	13-Jul
	 
	5.76
	21.7
	4.03

	 
	10-Aug
	12.5
	4.43
	29.1
	9.72

	 
	14-Sep
	21.4
	6.97
	16.7
	 

	Mouth of the North Branch
	13-Jul
	 
	12.7
	26
	3.47

	 
	10-Aug
	 
	9.93
	18.9
	3.75

	 
	14-Sep
	 
	15.8
	15.5
	 

	Two Rivers, Above Stevens Branch 1
	13-Jul
	 
	23.4
	24.4
	2.94

	 
	10-Aug
	 
	13.1
	23.2
	2.5

	 
	14-Sep
	 
	39.4
	19.2
	 

	Montpelier High School Access Point
	13-Jul
	 
	28.7
	29.6
	2.54

	 
	10-Aug
	 
	20
	23.1
	3.36

	 
	14-Sep
	 
	42.8
	14.1
	 

	Below Mouth of Dog River Near Gateway Park
	13-Jul
	 
	29.3
	17.3
	2.26

	 
	10-Aug
	 
	19.1
	25
	3.62

	 
	14-Sep
	 
	44
	30.9
	 

	Spaulding Falls on Jail Branch
	13-Jul
	 
	13.6
	14.4
	5.24

	 
	10-Aug
	 
	14.2
	15.5
	1.21

	Steven's Branch near Prospect St. SB01
	13-Jul
	 
	25.2
	19.9
	4

	 
	10-Aug
	 
	23.8
	24.6
	1.21

	 
	14-Sep
	 
	40.3
	15.7
	 

	Lower Downtown Site SB02
	14-Sep
	 
	51.6
	18.7
	 

	Flows, Riparian Enhancements SB03
	13-Jul
	 
	40.5
	17.9
	1.71

	 
	10-Aug
	 
	36
	26.5
	3.18

	 
	14-Sep
	 
	70.5
	26.6
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There was a noticeable dip in September values.  Worth mentioning?  Did it happen elsewhere in the study?


Is it an increase in exposure or an accumulation of sources?


In might make more sense to say this once at the end of the discussion, rather than over and over at all the sites where it occ









