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Brief Summary

We now have an effective tool for tracking sources of bacteria in some types of water bodies.  Using the Colilert® system, together with field reconnaissance and optical brightener testing, we were able to locate the source of bacteria for dry weather discharges in small subwatersheds.  This is a powerful method for finding – then working with towns to eliminate – illicit discharges in smaller streams.  This tool is most useful for dry weather investigations rather than wet weather tracking because stormwater runoff produces counts that were usually high everywhere, masking differences between stations and making it difficult to pinpoint specific areas in which to focus tracking efforts.  The method also works very well for streams but may not be as effective in lakes and ponds, where in-lake bacteria counts and other indicators of human sewage will likely be more diluted and mixed throughout the waterbody, making it harder to track.

Our field study has demonstrated that this new tool is of potentially great value, both because we have many stream segments with bacteria problems, and because it is cost effective and likely transferable to local watershed protection groups.  What we learned from the investigation, and suggestions on how to expand the use of this potentially powerful tool, are set forth in this summary report. 

Introduction

Water quality monitoring plans are developed by the DEP/Division of Watershed Management (DWM) to assess surface water quality in support of Clean Water Act, Section 305(b) and 303(d) requirements and therefore, by design, have not usually been very effective in identifying specific sources of pollution that are causing documented water quality impairments. This is particularly true for bacteria contamination of rivers and streams.

In order to address this deficiency, and in recognition of the large number of Massachusetts river segments that are 303(d)-listed due to violations of the water quality standards for pathogens, a pilot bacteria source tracking study was designed and conducted by DWM during the spring, summer and fall of 2004.  

The primary goal of this pilot study was to develop a protocol to find sources of bacteria contamination in rivers and streams and field test the protocol on several sites that were in close proximity to the DWM Worcester office and that had documented bacteria problems. A secondary goal was to explore potential pathways for initiating additional source tracking (if necessary) and remediation activities with the responsible party.  The study applied and evaluated bacteria source tracking strategies that employed a variety of relatively simple and inexpensive methods including comprehensive landuse characterization of the subwatershed, in-depth field reconnaissance, sampling for bacteria and other indicators of human sewage, and coordination with local and state authorities.

Methods

Three subwatersheds in the Sudbury River Watershed and two subwatersheds in the Blackstone River Watershed were initially selected to pilot the bacteria source tracking protocol.  Selections were made based on recent bacteria data that documented water quality impairment due to elevated fecal coliform bacteria in these subwatersheds.  Ambient bacteria levels can be highly variable within and between sites, making it often difficult to distinguish patterns, track differences and reach conclusions.  In addition, while the potential sources of elevated bacteria levels in surface waters are limited (e.g., pets, wildlife, failing septic systems, illicit sewage discharge, sewer line breaks/infiltration/spills, stormwater runoff, CSO’s, agricultural activities), bacteria contamination may be caused by just one or a mixture of these sources within a subwatershed, making source tracking even more complicated.  To enhance the ability to interpret the data and better understand how various conditions may influence data variability, the source tracking protocol involved more than just intensive bacteria sampling.  

The following source tracking protocol was followed in each subwatershed:

1) Conducted comprehensive subwatershed landuse characterization by utilizing topographic maps, GIS landuse mapping, Stormwater NPDES Phase II municipal storm drainage infrastructure maps (if available), information from local officials and residents, other maps (e.g., local sewer infrastructure) and data (if available), and conducting intensive field reconnaissance;

2) Conducted screening level bacteria sampling for E. coli at historical sampling stations and major tributaries and/or pipes within the subwatershed using the Colilert® system to analyze samples in-house for rapid (18 – 24 hour analysis time) turnaround of results during at least two separate dry and wet weather events.  (The Colilert® method uses the enzyme substrate test [Standard Methods 9223B] for the detection and enumeration of total coliform, Escherichia coli and Enterococci bacteria in surface waters);

3) Conducted source tracking sampling by performing intensive and iterative bacteria sampling during both dry and wet weather events (using in-house Colilert® system) upstream of all contaminated screening level sampling station(s); 

4) Further defined source area(s) at stations where elevated counts were found by performing stream walks, Colilert® bacteria sampling above and below suspect landuses, tributaries and pipes, Colilert® bacteria sampling in storm drains (via manholes) with local DPW officials, sampling for optical brighteners (by using a UV light to detect presence of fluorescent whitening agents absorbed on unbleached cotton pads placed in the stream), sampling for fluorescent whitening agents (FWA), measuring conductivity, fluorescence, and/or analyzing for Bacteroides for fecal source discrimination.

5) Communicated results to appropriate DEP regional office(s) and municipal officials and coordinated and performed additional sampling to document the problem, as necessary.  

Significant Findings

The bacteria source tracking pilot study successfully tracked sources of elevated bacteria at five locations within three separate subwatersheds in the Sudbury and Blackstone watersheds.  Two of these sources were found to be from human sewage inputs via illicit discharges to the stormdrain systems, one of the sources was tracked to improper disposal of dog waste into the stormdrain system and two of the sources were likely from concentrated populations of birds and domesticated animals, although further testing using techniques to discriminate between human and non-human sources is needed to confirm this.  Summaries of the results and outcomes of source tracking efforts in each of these subwatersheds are presented below.  A more detailed description of the source tracking efforts in each watershed is presented in Appendix A.


Blackstone Watershed

      Peters River Subwatershed - Source tracking activities revealed three areas in the Peters River subwatershed with consistently elevated E. coli counts – upper Arnolds Brook near Pulaski Boulevard, Arnolds Brook at Pine Grove Avenue, and lower Peters River near Wrentham Road.

Results: Elevated bacteria counts in Arnolds Brook near Pulaski Boulevard were attributed to runoff from commercial animal pens containing ducks, geese, chickens, pigs and goats that were located just upstream from the screening level sampling station. Negative optical brightener tests supported this conclusion.

Results:  Source tracking activities located a stormwater pipe discharging to Arnolds Brook at Pine Grove Avenue that was contaminated with sewage presumed to be from an illicit discharge to the storm drain system from one or more residences in the upstream unsewered neighborhood.  High E. coli bacteria numbers, combined with strong positive optical brightener results that confirmed the presence of laundry detergent, indicated that the bacteria were likely from human sewage input(s).  Sewage fungus was also observed on the streambed below the stormwater pipe outfall. 

Outcome: Frequent communication and cooperation with the Bellingham DPW was required to track the source of laundry water and sewage by intensively sampling the storm drains via manholes and bracketing suspected areas. Bellingham is continuing to survey the storm drain system using a video camera and has narrowed the source to within just a few residences.

Results: In the lower most section of the mainstem Peters River, E. coli counts were consistently elevated during both wet and dry weather.  Stream walks and optical brightener testing did not indicate obvious potential human sources, however under an upstream bridge crossing, large numbers of pigeons, pigeon droppings and bird nests were observed.  E. coli counts measured upstream of the bridge were always lower than downstream of the bridge, so elevated counts in this section of the Peters River were presumed to be, at least in part, from the birds.  

Singletary Brook Subwatershed

Results:  Source tracking activities did not locate any dry weather sources of bacteria in the tributaries to Lake Singletary. Out of 70 E. coli samples collected over the season only 5 were elevated and these were collected during wet weather. Field reconnaissance was conducted in the subwatersheds of the stations with occasional elevated wet weather bacteria counts and no obvious non-point sources were observed, with the exception of evidence of animal activity along the stream (particularly dogs, deer and beavers).  

Sudbury Watershed

   Baiting Brook Subwatershed - Source tracking activities revealed elevated bacteria counts in two separate areas of Baiting Brook – Belknap Road and Salem End Road.

Results: Elevated bacteria counts in the Belknap Road area were attributed to numerous bags containing dog feces that were found at a storm water outfall to Baiting Brook.  The bags were also observed in the contributing storm drain system’s catch basins, and were visibly tracked through a residential neighborhood at least three blocks from the outfall. 

Outcome: The local (Framingham) NPDES Phase II Stormwater Coordinator and watershed association were notified of the problem in the Belknap Road neighborhood.  Storm drain stenciling and other outreach to the neighborhood was encouraged and the DFW Riverways Program stream-team coordinator was contacted to help facilitate a storm drain stenciling project in this neighborhood.

Results: In the Salem End Road area the source of elevated bacteria was never conclusively identified. Although bacteria counts remained high throughout the season, stream walks, FWA and optical brightener sampling did not detect evidence of human sewage inputs.  Some of the bacteria may be from a large upstream beaver marsh.

Outcome:  More discriminating laboratory methods of human vs. non-human microbial testing are recommended for the Salem End Road area in order to identify the source(s) of the elevated bacteria counts.

  Eames Brook Subwatershed  

Results: Source tracking activities located a dry weather flow of sewage from a storm 

water outfall flowing into Eames Brook.  Sampling documented E. coli and fecal coliform counts in the millions as well as positive optical brightener tests. Sewage fungus was also observed growing on the streambed below the outfall.

Outcome: The Town of Framingham DPW and the DEP Northeast Regional Office (NERO) were notified.  Framingham unsuccessfully attempted to correct the problem (believed to be a leaking sewer line overlaying the stormdrain). A model NON for the discharge of pollutants into a stormdrain was drafted by NERO based on this situation.  It is expected that the town will correct the problem as a result of this action.

Upper Sudbury River Watershed  

Results: Screening level sampling during both dry and wet weather in the mainstem upper Sudbury River did not reveal significantly elevated E. coli bacteria counts.  

Limited conclusions can be drawn from these results.  Bacteria sources may have been present but were sufficiently diluted by the larger volume of water in the Sudbury River, and/or sampling in the main channel of the river may have missed collecting a narrow bacteria “plume” along the shoreline (e.g. sewage-contaminated flow from the stormdrain on Eames Brook was found to hug the shoreline during low flow).  

Discussion and Recommendations

Feasibility and Effectiveness  

This study demonstrated that the source tracking protocol developed by DWM was a feasible and effective process for tracking and identifying certain sources of bacteria contamination to rivers and streams.  

The protocol was most effective in detecting and tracking dry weather bacteria inputs (e.g. illicit discharges) within small subwatersheds.  In urban areas (with aging storm and/or waste water infrastructure) source tracking frequently identified human sources of bacteria using a combination of dry weather bacteria sampling and testing for optical brighteners.  Several of these sources were tracked to the ends of stormdrain outfall pipes that were inaccessible further upstream. In these cases, coordination with the local DPW and/or stormwater coordinator was needed to help find the source, or if cooperation was not forthcoming from the municipality, enforcement action was necessary.

Bacteria sampling during wet weather produced counts that were usually high everywhere, masking differences between stations and making it difficult to pinpoint specific areas in which to focus tracking efforts.  Results from sampling during high flows were also more difficult to interpret due to unknown influences from localized weather patterns, the stream’s particular watershed hydrology and stormwater runoff characteristics, and dilution effects of higher flows.

The Colilert® system proved invaluable to the success of the study for several reasons. During the course of the study, over 675 bacteria samples were collected within the two watersheds for in-house analysis with the Colilert® system. Two full time and one seasonal employee conducted the majority of this work.  Thirty to forty Colilert® samples could be processed within one hour in the lab.  Sample results were available approximately 20 - 30 hours after collection.  The advantages of this system allowed us to collect a large number of samples and maintain a flexible sampling plan – important components of the source tracking protocol.  Although there is still a 6 hour bacteria sample delivery time and two hour sample analysis time requirement with the Colilert® system, this limitation did not restrict the amount of field work that was performed because the samples were able to be analyzed quickly and conveniently in the DWM laboratory in Worcester.  This advantage will make it more feasible to conduct source tracking in more distant watersheds where travel time to deliver the samples to the WES lab puts a limit on the time that can be spent in the field sampling. 

The source tracking study required the collection and analysis of a large number of bacteria samples, however, it is important to note that the bacteria data alone was not enough to identify sources.  The study demonstrated that a combination of information gathering, field reconnaissance, communication with local residents and town officials, and sampling for bacteria and optical brightener testing was most effective in finding sources.  Other methods to distinguish between human and non-human sources (e.g., sampling for WES analysis of fluorescent whitening agents and Bacteriodes, and measuring specific conductance and fluorescence) were also used in the study, but more work is needed to evaluate the effectiveness of these methods.  

The source tracking protocol piloted by this study was developed for rivers and streams. If bacteria source tracking work is proposed for lentic systems some modification to the strategies used in this study will be necessary and will need to be field tested. The methods used in this study can be used for tracking bacteria inputs to lakes that are entering from flowing pipes and tributaries, however in-lake bacteria source tracking will require different tools currently not available to DWM (such as dye testing and infrared imagery).

Effective tools and methodologies for tracking certain sources of bacteria impairments to rivers and streams are now available at DEP.  Based on the positive results of the study, it is recommended that bacteria source tracking be considered for selected subwatersheds in conjunction with DWM’s regular water quality assessment monitoring.  Addressing impairments by identifying the source(s) and recommending (and in some cases initiating) specific actions for remediation should reduce the efforts required later as part of the TMDL process. In cases where the source of contamination is quickly remediated, the water quality impairment - and resultant TMDL requirement - will be eliminated.

Recommendations for conducting future source tracking surveys

Planning:  

· Incorporation of bacteria source tracking work into DWM monitoring plans for year two watersheds (Deerfield, Millers, Buzzards Bay, Merimack and Shawsheen) may be useful for certain stream segments currently impaired for bacteria (Category 5 of Integrated List).  Bacteria source tracking work should be developed in consideration of available resources and with other DWM water quality monitoring objectives for these watersheds. 

· If bacteria source tracking is incorporated into the year-two DWM monitoring plans, priority should be given to small (< 10 square miles) urban or suburban subwatersheds draining to segments that have historically exhibited consistently high bacteria counts during dry weather conditions. When prioritizing sites for source tracking, the proximity of public uses to the waterbody such as water-based recreation, drinking water supplies, and accessibility of the area to the public should be considered.  Results of the initial screening level bacteria sampling in these segments will identify specific locations where bacteria contamination is still occurring and the number of subwatersheds where source tracking work may be useful.

· Formation of a source tracking advisory group (4 – 6 people) at the beginning of the project is recommended to advise survey coordinators on all aspects of the study, including prioritizing subwatersheds for study, survey design, and to help interpret results and plan the next tracking activity. 

· A flexible sampling plan is recommended. Weather is an important factor to consider when planning surveys and may call for sampling on short notice.  

· Before data collection begins, data managers and source tracking group should establish how the data will be managed and reported. 

· Characterize landuse and conduct field reconnaissance early in survey planning process.

· Establish communications with local DPW, Boards of Health, Phase II Stormwater coordinators, etc., early in the information gathering phase. Use local knowledge, infrastructure maps (historic and recent), and Phase II Stormwater information to help plan surveys.

· From this study, it appears tracking efforts are most effective within small subwatersheds of first or second order streams (less than 15 square miles).  Mainstem rivers appear too large to track – need to address mainstem problems by tracking in subwatershed tributaries. Found that small illicit discharges may hug banks and otherwise not mix with streamflow even in small streams.

· Lakes and estuaries may require a different source tracking approach than river systems. If in-lake and/or estuarine source tracking is to be conducted, modifications to the study approach will be needed to address different hydrologic characteristics (i.e., lentic vs. lotic).   

Implementation: 

· Using Colilert® allowed DWM to maintain a flexible sampling plan, increase the number of bacteria samples collected, and provided reliable results within approximately one day of collection. 

· Bacteria results were extremely variable and very dependent on precipitation and flow, however the results that were most conclusive and helpful in isolating specific sources were collected during dry weather. Stormwater sampling was helpful for screening level sampling, but not for source tracking because bacteria in stormwater was usually high everywhere. 

· Often sources were tracked to underground pipes/stormdrains – these problems will require coordination with the municipality (e.g., DPW) to track further.

· A combination of field sampling techniques is most effective to source track (e.g., iterative bacteria testing, optical brightener testing, and field observations).

· Using these methods, source tracking in multiple (5 – 7) subwatersheds in a sampling season is possible with a minimum of 2 coordinators and one seasonal employee. 

· Fluorometer analysis to help discern human vs. non-human sources in fresh water was inconclusive in this study – more work is needed to fine-tune this method before it can be used as a reliable source tracking tool.

· Fluorescent whitening agent (FWA) sampling was inconclusive in this study – the method needs more field-testing for use as a bacteria source tracking tool. 

· Bacteroides sampling to help discern human vs. non-human sources was not useful in this study – the method is currently being validated at WES.

· Ultimately, bacteria sources to some areas will not be identified without the use of more sophisticated methods to discriminate between human vs. non-human sources and between animals (e.g., DNA type testing).

Follow-up:

· Establish and maintain close communication with municipal officials and appropriate regional office(s) of DEP. This connection facilitates remediation activities if problems are found.

· Cooperation from municipalities will differ.  Work together with cooperative municipalities to find the source and use enforcement action to stimulate less cooperative communities to take action.
· Working closely with the appropriate regional office(s) of DEP, establish a procedure for follow-up and remediation when sources are found.
· Explore the possibility of establishing a dedicated revenue source for communities to access to help defray the cost of remediation which may range from specialized testing to pinpoint the source of bacteria (such as dye testing and/or remote video camera work in storm drain systems) to extensive infrastructure repairs. 
APPENDIX A

Subwatershed Source Tracking Summary Reports
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Peters River Subwatershed
Subwatershed Description:

· 7.1-mile tributary to the Blackstone River in (Bellingham, MA to Woonsocket, RI)

· 12 square mile subwatershed

· Top 3 land uses: Forest, Residential, and Agricultural 

· 83 percent of Bellingham relies on on-site wastewater treatment and disposal systems

· Dense residences and businesses in south Bellingham comprise the most urban area in the Town - storm drains cover most of the area, and many outfall directly to the Peters River

· Bellingham, Franklin, and Wrentham are Phase II Stormwater communities
· Peters River is listed on the 2004 Integrated List Category 5 for metals and pathogens
Sampling Summary:

· 10 initial core stations for screening in the Peters River Subwatershed

· 38 stations were sampled by the end of the season (April – September)

· 17 sampling events in the Peters River Subwatershed

Results and Source Identification Summary:

· Arnolds Brook downstream from commercial animal pens – Figure 1. Pulaski Boulevard

In the upper portion of Arnolds Brook, six sampling events occurred downstream from an animal pen property.  Elevated E. coli bacteria counts were noted regardless of wet or dry weather.  Bacteriodes samples were collected at this location to confirm non-human source of E. coli bacteria due to upstream concentrated animal lot.  These results have not been reported to DWM.

· Stormwater outfall to Arnolds Brook – Figure 2.  Lowland Street neighborhood

In the lower portion of Arnolds Brook a stormwater outfall enters the stream upstream of its confluence with the Peters River.  Samples were collected from this stormwater outfall on 12 occasions, half of which came back with elevated E.coli counts.  Optical brightener (OB) pads were deployed at this location to determine the presence of fluorescent whitening agents (FWAs) – source from laundry detergents.  A strong positive was observed from the OB pads collected at the outfall.  DWM worked with the Bellingham Department of Public Works (DPW) to track the infiltration of laundry water to the storm sewer system in this area.  Three rounds of storm sewer manhole sampling occurred to track the possible presence of illicit connections and/or failing septic systems.  Nine manholes were sampled and one showed the presence of soapsuds and elevated E.coli bacteria counts.  The DPW is continuing to track this storm sewer line with the use of a video camera – conclusion pending.  The Public Health Department was also contacted regarding the status of septic systems in the area.

· Lower Watershed of Peters River – Figure 3.  Wrentham Road

The most downstream sampling station on Peters River (sampled 14 times) showed consistent elevated E.coli bacteria counts regardless of wet or dry weather.  100 meters upstream of this sample location is a road crossing – samples were collected upstream and downstream of this road crossing on four occasions.  On all occasions, samples collected downstream of the road crossing were higher than samples collected upstream.  Upon further investigation, under the road crossing were gross amounts of pigeons, pigeon nests, and pigeon droppings.  Bacteriodes samples were collected at this location to confirm non-human source of E. coli bacteria.  These results have not been reported to DWM.

Figure 1.  Pulaski Boulevard - Commercial animal pens adjacent to Arnolds Brook.
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Figure 3.  Wrentham Road – bird droppings.
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Figure 4.  Source Map for the Peters River Subwatershed.
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Singletary Brook Subwatershed
Subwatershed Description:

· 6 square mile subwatershed

· Top 3 land uses: Forest, Residential, and Agricultural 

· Lake Singletary is located in the northern part of Sutton and its border extends into the Town of Millbury.  The small lot sizes, steep slopes, and poor soil types found in the developed areas along the northwest and eastern shoreline have created concern in regards to pollution of Lake Singletary from septic system failures.

· Millbury and Sutton are Phase II Stormwater communities
Sampling Summary:

· 8 initial core stations for screening in the Peters River Subwatershed

· 10 stations were sampled by the end of the season (April – August)

· 9 sampling events in the Singletary Brook Subwatershed

Results and Source Identification Summary:

· Singletary Brook Subwatershed
There were only five elevated E. coli bacteria counts out of 70 samples collected in this subwatershed.  In July and August, the majority of the samples stations were beginning to lose flow and some stations were not sampled on a few occasions.

Figure 5. Map of Singletary Brook Sample Locations.
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Baiting Brook Subwatershed

Subwatershed description (Figure 6):

· 4.7-mile tributary to the Sudbury River in Framingham, MA

· 3.4 square mile subwatershed

· Top 3 land uses:  Forest, Residential and Agriculture

· Homes in the headwaters are on septic systems; the remaining portion of the Baiting Brook subwatershed is sewered.  

· Impervious cover for upper two-thirds of the subwatershed is only 3% vs. the highly-developed lower one-third at 16%

· 48 storm water outfalls in the Baiting Brook subwatershed were identified by the Town of Framingham in the application for their NPDES Phase II storm water permit.

Sampling summary:

· 8 initial core stations in the Baiting Brook subwatershed.  

· 30 stations were sampled by the end of the season.

· 14 sampling events in the Baiting Brook subwatershed.

Results and Source Identification Summary:

· Callahan State Park

Elevated E. coli counts due to precipitation were more apparent in the lower subwatershed where there is a significant increase in impervious cover.  However, sampling during a significant rainstorm would show elevated counts downstream from the agricultural areas and Callahan State Park, a popular dog walking and horse riding park in the upper subwatershed.  Wildlife in the forested areas are also a contributing source.

· Belknap Road (Figures 7, 8 and 9)

In a neighborhood downstream from Callahan State Park numerous bags containing dog feces were found at a storm water outfall to Baiting Brook.  Bags were traced through the storm drain system at least 3 blocks away.  The bags originate from the neighborhood and not from the park.  On one occasion 18 bags were retrieved from the storm water outfall for proper disposal.  One month later approximately 40 bags caught in-stream and on the stream banks were picked up for proper disposal by DEP during a stream walk of one block.

· Route 9 and Salem End Road

E. coli counts became consistently elevated from Route 9 in Framingham down to the confluence with the Sudbury River at the end of May when flow in the brook began to decrease.   Wildlife is a contributing source upstream from Route 9, but final source identification in the lower Baiting Brook subwatershed is pending Bacteroides results from DEP’s Wall Experiment Station.
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Eames Brook Subwatershed

Subwatershed description (Figure 11):

· 0.5-mile tributary to the Sudbury River in Framingham, MA

· 1.2 square mile subwatershed

· Top 3 land uses:  Open Land, Residential and Commercial

· The 140 acre Farm Pond and 31 acre Learned Pond make up approximately 16% of the Eames Brook subwatershed.
· The entire Eames Brook subwatershed is sewered.  

· Impervious cover of the subwatershed is estimated at 27%.

· Approximately 19 storm water outfalls in the Eames Brook subwatershed were identified by the Town of Framingham in their application for their NPDES Phase II storm water permit.

Sampling summary:

· 5 initial core stations in the Eames Brook subwatershed.  

· 15 stations were sampled by the end of the season.

· 10 sampling events in the Eames Brook subwatershed.

Results and Source Identification Summary:

· Mt. Wayte Avenue

On the 6th sampling event at Mt. Wayte Avenue, closer examination of a storm water outfall revealed a dry weather discharge of raw sewage coming from a break in the outfall approximately 1 foot inside of the pipe (Figure 10).  E. coli counts of the discharge were estimated at 2.9 million cfu/100ml.  Sampling downstream from this outfall was discontinued, as it would not be possible to distinguish a 2nd source from this direct contamination.



· Unnamed tributary to Eames Brook

Elevated E. coli concentrations were noted later in the sampling season and attributed to wildlife and low flow conditions.


Upper 4 Miles of the Sudbury River

Subwatershed description (Figure 12):

· 4 mile length of the Sudbury River from the headwaters out of Cedar Swamp, Westborough through Southborough and Hopkinton to Cordaville Road, Ashland.

· 33 square mile subwatershed

· Land use is mostly forest and residential with light commercial use.

· Mix of septic systems and sewers for wastewater disposal.

· An impervious surface analysis of the subwatershed for this portion of the Sudbury River shows that even when limiting the analysis to a 500-meter riparian zone buffer of the most developed reach of the river; the impervious surface is less than 10%.

Sampling summary:

· 5 initial core stations in the Sudbury River.  

· 7 stations were sampled by the end of the season.

· 5 sampling events on the Sudbury River.

Results and Source Identification Summary:

· Sudbury River

Dry and wet weather E. coli concentrations were below proposed standards for all stations on the Sudbury River with the exception of 2 dates at 1 station where the results were less than 20 mpn/100ml above the DPH bathing beach standard of 235 cfu/100ml.

· Cedar Street, Hopkinton/Southborough

A continuous flowing storm water outfall (most likely a diverted underground tributary or groundwater spring) mixed with storm water at Cedar Street in Hopkinton/Southborough, had slightly elevated E. coli counts (700 and 548 mpn/100ml).  Minimal source tracking took place at this outfall due to the fact that the infrastructure is completely underground, is diverted underneath active railroad tracks and because the elevated concentrations were considered too low to track and were not impacting the mainstem river.
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Figure 9.  Dog bags collected from brook and on banks during 1 block stream walk.





Figure 2.  Lowland Street manhole - storm sewer system to Arnolds Brook - soapsuds.
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Figure 8.  Dog bag entering top of outfall (looking down into catch basin).





Bag in catch basin entering top of outfall.
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Figure 7.  Bags of dog feces at outfall on bank of Baiting Brook.





Figure 3.  Dog bags collected on return trip instream from Baiting Brook and on stream banks.
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Figure 4.  Baiting Brook subwatershed land use and station location map





Figure 6.  Baiting Brook subwatershed land use and sample station locations.
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Figure 10.  Dry weather discharge to Eames Brook at Mt. Wayte Ave, Framingham.





Figure 11.  Eames Brook subwatershed land use and sample station locations.
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Figure 12.  Upper Sudbury River subwatershed land use and sample station locations.
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When your pet goes on the lawn,


Remember it doesn’t just go on the lawn!


� EMBED MSPhotoEd.3  ���
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1)6cXi‰{’†v�†sŹ�sŽ‚rŤ…u�†v‘‚tŽ�r‘~qŹ~qŤ€sŹ‚s�‚s��rŹ�rŹ‚s�‡x•‚s�|mŠ�qŚ„tŹ‚rŤ‚s�€s‘~qŹ~qŹ�t’‚s�€qŽ�pŤ�pŤ�pŤ�pŤ�sŤ…w‘…w‘�sŤ�q‹€rŚ�sŤ‡w‘‡w‘�sŤ€pŠ�sŤ…uŹ…uŹ‡w‘…uŹ…sŤ„rŚ„rŚ…sŤ†tŽ�v�‡uŹ†tŽ…sŤ‡uŹ�vŽ‡uŤ‡uŤ�vŽŤ{“‡uŤ„rŠ�vŽŚz”Šx’†tŽ�q‹ŠvŹŠvŹŠvŹ‰uŽ‰uŽ‰uŽ‹w�Śx‘Ťy’ŠvŹ‹w�Ťy’‹w�†r‹‡sŚ‹w�‹y‘‰wŹ‡uŤ‡uŤŠvŹŠvŹ‰uŽ‡sŚ‡sŚ‡tŠ‰vŚ‰vŚ‡tŠ‰vŚ‹xŽ‰vŚ‹uŚŚvŤ‰sŠ�r‰ŚvŤŤwŽŚv‹Śv‹“}’ŹyŽŤwŚŽxŤ‘yŹ‘yŹ‘zŽ‘zŽŹxŚŚu‡‹t�ŤvŠŹwŤ�xŽ‘yŹ’z�‘{’Źy�ŽxŤŽxŤŹyŽ�zŹŹyŽŹyŽ‰vŚ‰vŚ‹xŽŤz�ŠwŤ†s‰‡tŠŚyŹ‹tŽ‰rŚ‡pŠŠsŤŚuŹ�q‹‡pŚŤv��r‡�s†Ťx‹ŹzŤŽyŚŽyŚŽyŚŚwŠŤx‹ŽyŚŹwŤŽvŚŹwŤŹwŤŚtŠ‰q‡‰s�Št‰Śv‹Śv‹Št‰‰s�‹uŠŽxŤŤwŚŽxŤŽxŤŤwŚŚv‹Śv‹Śv‹‹uŠ†r‹„rŠ‚p��q‰…s‹‡uŤ†tŚ„rŠ�q‰�q‰�q‰€q��o‰�o‰€pŠ�q‹‡xŹ…vŤ�r‰�p‡�r‰„uŚ‡uŤ…s‹�o‡�q‰�q‰�o‡�o…�q‡‡u‹�vŚ�o�„p‰„p‰…qŠ‡tŠ‡tŠ‡q�…o†‡q†�r‡Št‰‹uŠŠu�‡r…†o�‡p„�o„Ťt‰Źv‹Śs�Šq†ŽuŠ�wŚŹv‹ŽuŠ‰p…Šq†Śs�‰p…‹r‡Śs�†m‚Šq„�x�Ťu…Šr‚Žu�Śs†Šq„‘x‹�wŠŹv‰Śs�‹r‡Ťt‰�wŚ�wŚŚs†Śs†Śt„Ťu…Ťu…Žs„Žs„Žs„Źt…Ťr�Ťr�Žs„Źt…�u„Źt�Źt�Źt�Śs†Śs†Śs†‹r…Šq„‰p�Śs†�wŠ‹r‡Šq†‰p…�o„�o„�o„‡n�†m‚�l€†o�†o�†o�‡r…Šu�‡q†�k€Št‰„n�€j��m‚†p…‡q††p…†p……r�~l‚|j€�o…‚p†}k�zh~|j€{l�xi~wh}yj�zk€xi~vg|wh}vg|xi~zk‚{l�zl…yk„xj�vh�{m‡zl†xj�vh�wi‚yk„zl…yk„xj„yk…wi�se�tf€xj„wh…sd�te‚te‚vh‚ug�se�vh‚wi�se�th€th€vj‚wk�vj‚ui�th€th€vj‚ui�sg�sg�th€ui�•ŽŻ„}ž‚{ś„}ž�|ť„}ž‚{ś„}ž�z›€yš�xš�xš€y›�xš�xš~w™~w�€yš€yš~w�~w�€yš�z›‚{ś€yš�z›�zś�xš~w™€y›�zś€y›}x��zš€{›�|ś€{›~y™}w™|v�}w™~xš|v�{u—|vš�yť�yť}w™€y›‚{ť�|ž‚{ť‚{ť‚{ť�zś€y›€y›€y›�xš}v�|u—|u—�xš�zś€yš~w�~w��x™�x™�x™�xš|u—€y›€y›�xš}v�|u—~w™�xš~w™�x™�x™€yš�z›�x™€yš�x™{t•~w�|u–{t•|u–€yš‚{ś€yš~w�~w��x™�x™~w�~w�~w�}v—|u–‚{ś|u–zs•}v�€y›�xš|u—|u—€v�€v��w™�y›„zś�y›…zš‡|ś�x�‚w—…x–†y—†y—†y—‡z�‰|šŠ}›Š}›‰z™Š{�’�›“�š“{“–z�¤„™˛� Ľ–Łľ”žŔ•žĆ—ťĘ™ťĚ›źĘśźËžˇËžˇČ›žÄšžÁ—›˝”š¸‘–ą‘™µ�—µ��¶‘™¶�›µŹš·Žśą�ž·Ť›¶Śš·Ť›¸ŽšąŤšĽ‘›Á”›Á”™Ä—šÉťśŃ¤ˇŐ¨ŁÚ«ĄŰ¬¤Ý®¤ß±¤á¶¦ŢłŁß±˘ăµ¦ĺ·¨ä¶§ŕ˛ŁŢ°ˇŕ˛ĄŢ°ŁßŻŁßŻŁŢ®¤Ý­ŁŢ®¤ß°¨ŢłŞŢł¬Ţ±«á±§á°ˇáŻ–çµ�őÂ“ňżŠé´~ć¬zć¦vŕ™kÓ†ZČwHÁq@łe5´f5»i9Âl=Âg;ą[7©J.™:&„(�d��U��v1,¬phŇž‘ß±ˇÜ± Ý®¤Ü°ĄÝł§Ţ·¦âą§ß´ˇŢ±śâµžŢ·šäĂ˘ÚÄ›Ľ°€ ™cŠ�M–’S›—X˘ś`˘śbš•[ŹŠP‰„JŤ�N—•\ žeźže™�_�‡Ots;dc-^]'ec0rq;ŤŠS”’Y˘ťe­¨nł­qł­q¶®p¶®o´¬mµ­nµ­l´¬kł«jł«l±©jŻ§h®¦h¬¤fŞ˘d©ˇc¦ťbž�^•ŽW‹‰P‹ŠR‚�Jz{Buv={zAŽŤTźš`ž™_¤žb¦ˇaŞ¦f§¦eŁŁcĄ¤k�—g}{RPN(86�b`9€�Spm@eb5^[0\W-a]0]Y,XT'VQ'SN&MH"LD OF%>3�4(�9-�9,�<,�:*�7&�'����	�
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�����������WBS•�–�v�…rŽ�t�Śp‡€XcvA; ]B»qJČ}UĎ‚VŇ…WĐ„SË~PĹxLÁtJ˝oHµc;©V.ĄP)«R0¨J0—7'†#�v��a��J��3��!�������	+ .\Qb‹}”†v�…rŽ‚rŤ‚rŤ„tŹ…u��rŹ~qŹ}pŽ}pŚ�rŽ‚s�‚s��rŹ‚s�‚s�„u’€qŽ~oŚ‚rŤ‚rŤ�qŚ‚tŽ…v“�t’€s‘�t’‚s��rŹ�rŹ�rŹ�rŹ�rŹ‚tŽ„v�„v��sŤ�q‹~pŠ€p‹…uŹ‡w‘…uŹ�sŤ�sŤ„tŽ�sŤ‚rŚ‚rŚ„rŚ…sŤ…sŤ…sŤ†tŽ†tŽ�q‹„rŚ†tŽ�v��vŽ‡uŤ‡uŤ�vŽ‹y‘‡uŤ†tŚ‰wŹ‹y“‰w‘‡uŹ‡uŹŤy’ŠvŹŠvŹŚx‘‹w��tŤ‰uŽŤy’ŠvŹŠvŹŠvŹ‹w�ŠvŹ‰uŽ‰uŽŠvŹŠx�‰wŹ‡uŤ‡uŤ‰uŽ�tŤ‡sŚ†s‰‡tŠ‡tŠ‰vŚŠwŤ�u‹‰vŚŚyŹŚyŹŚvŤŤwŽ‹uŚŠt‹ŤwŽŽxŹŚv‹Śv‹ŽxŤŚv‹‹uŠŚv‹ŹwŤŹwŤ�yŤ’{Ź‘zŚŹxŠŽw‹�yŤ‘yŹ‘yŹ‘yŹ’z��z‘‘{’�zŹŹyŽŤwŚŚv‹ŤwŚŽxŤ‰vŚ‹xŽ‹xŽ‰vŚ�u‹‰vŚ‰vŚ‰vŚ‹tŽŚuŹŚuŹŚuŹŚuŹ‹tŽŠsŤŚuŹŠt‰‰t‡ŚwŠŹzŤŽyŚŽyŚŤx‹‰t‡Ťx‹ŚwŠŤu‹ŽvŚŽvŚŽvŚŚtŠŚtŠŚv‹Śv‹ŤwŚŤwŚŚv‹‹uŠŤwŚ�zŹŽxŤŤwŚŚv‹Śv‹‹uŠ‹uŠŚv‹ŤwŚ†s‰…s‹…s‹†tŚ†tŚ„rŠ‚p��o‡„rŠ„rŠ�r‰€q�~n�~n��o‰€q�„uŚ…vŤ…vŤ�t‹‚sŠ…s‹†tŚ†tŚ�q‰„rŠ„rŠ‚p†‚p†�q‡„r��q‡„p‰†r‹�tŤ‡sŚ‡tŠ‡tŠ‡q��m„‡q†Št‰Śv‹Št‰‰t‡‰t‡‰r†‡p„‰p…Ťt‰�wŚŽuŠŚs�Ťt‰ŽuŠŤt‰‹r‡�o„Šq†Śs�‰p…‹r‡Ťt‰Šq†Šq„Ťu…�x�Źw‡Šq„�o‚‹r…Žu�Žu�Ťt‡Śs�Ťt‰Źv‹‘xŤŹv‹Śs�Śs†Ťu…Žv†Źw‡�u†�u†‘v‡’w�Źt…Źt…�u†�u†�u„Źt�Žs‚Žs„‹r…Šq„Šq„Šq„‹r…‹r…Śs†Źv‰‹r‡Šq†‰p…�o„�o„�o„�o„‡n�…n‚‡p„‡p„†o�…p�‡r……o„�m‚�r‡…o„‚l��m‚„n�…o„…o„„q…~l‚�m�€n„�m�}k�{i�|j€~l‚yj�xi~yj�{l�zk€wh}wh}xi~xi~yj�zk‚|m„{m†yk„vh�tf�zl†zl†yk„vh�ug€wi‚xj�xj�yk…yk…wi�tf€ug�xj„xi†vg„uf�vg„xj„wi�ug�wi�wi�se�sg�ui�vj‚vj‚ui�sg�sg�sg�vj‚ui�th€th€th€th€—ŤŻ†|ž„{š…|›�z™�z™‚y��z™�x—‚y��y›„zś„zś„zś�yś‚x›~w��z›�|ť�|ť‚{ś‚{ś‚{ś‚{ś€yš�z›�z›€yš�zś‚{ť‚{ť�zś�x™�z›�|ť�|ť‚{ś€yš€yš€yš€yš}v—|u—|u—�xš�zś�zś€y›�zś‚{ś‚{ś‚{ś‚{ś�|ť‚{ś€yš~w��x™�x™|u–{t•}v—€yš€yš}v—~w�~w�€yš�z›~w�|u–~w��z›€yš~w�}v—}v—�x™€y›�xš�u—�u—~w�~w�}v—~w�}v—yr“~w�~w�|u–{t•}v—€yš€yš}v—~w�}v—~w�€yš‚{ś€yš}v—zs”�z›}v—{t•}v—€y›€y›~w™}v�‚xš€v�€v��w™�z™�z™„y™„y™‚w—�v–‚w—�x��x–‚w•…x–†y—„y™…z�†y—‰z—�€ť”�ť•~�–~”Ą‰ź±’˘·•Łş”źż•źĂ�ˇÇšźÉśˇĘť˘ËˇĄĚ˘¦ÉźŁĹ›źÂ�śż”›Ľ“™Ľ“™¸‘–µŤ•¶Ž–·Ź�¸�™¶�›¶�ť˛‰—µŚś¶Ťť·ŽśąŹťąŹ›şŹ™Ľ‘šÄ—žČ›žÎ ˘Ň¤¤Ö¦¤Ř¨¤Ú«ĄŰ¬¤ŢŻĄŰ­ Ű­ Ţ°Łáł¦ŕ˛ĄÝŻ˘Ů«žŢŻĄŘ©źŮŞ Ű¬˘ŮŞ˘Ú«ŁÜ­ĄŮŞ˘Ř­¦Ř­§Ú­¨á°©â±Łŕ­�ćµ•őÄ›óĂ“ď˝Šęµ�ĺ«yßťmÎ†VżsBşl<µi7ąp=Ŕs?Áq>Ân?ĹnCľa?¬N4 A/‡+�n��e��s/&–\PÁŽ}ă´¤çµ®ĺ´ŻŢ±«Ú°¤ÝłĄá¶Ąă¶Łâ¸ Ý¸›Ýż›×Â—ľ˛~ŁťaŚ‰FŚ�A‘ŚH™•Xˇśd¦ˇg˘ťc�“Y”ŹU•“Xš�]—•Zśš_š�_“‘XŤŚTŠ‰Q…„N‚�Kpm6lj1{v>•�V¨˘f˛¬p¸°r¶®p±©j˛Şk˛Şk°¨i°¨iŻ§i«Ąg©Łe§ˇc¦ b¦ťbĄśa¤›bź™_š“\“‘XŚ‹R�~E‚�I�„J{zA‡†Mť�`ś—]ž�\ ›[˘ž^žť\śś^˘ˇi•”fywPYY3GG!a_6ji=YW'WS$\X)gc6b]3]X.TO%PK#NI!GB�JB�VN*C:�0'�<1�<0�;/�;/�9,�/#���
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9�	)�����������8.9�vŠ„vŹ€sŤ�t�…x”‚uŹ€rŚ†x’�x“�sŽ‚rŤ„tŹ…u�†v‘†v�„tŽ…uŹ…uŹ„tŽ�sŤ„uŚ†wŽ…vŤ�t‹�sŤ†v�‡w‘…u�…u�…w‘„v�€rŚ�q‹€rŚ�rŽ~qŤ}pŚ}pŚ~qŤ~q‹�sŤ�sŚ�q‹€pŠ€p‹�sŽ�sŽ‚rŤ�pŤ€qŽ�sŤ�sŤ�sŤ‚tŽ€sŤ}pŠ�pŤ€qŽ�rŹ�rŹ„u’†w”†v‘‚rŤ„tŹ…u�†sŹ„qŤ…sŤ‡uŹ†tŽ„rŠ‡u‹†u�†s‰�u‰‹xŽ‹xŚŚyŤŚyŤŽ{ŹŚyŤ‹xŚŚyŚ‹xŚŠwŠŠw‹‹xŚ‡t�‰vŠŠw‹‰vŠ‰vŠ‹xŚ‹xŚŠw‹ŽxŤŚv‹Śv‹ŽyŚŽyŚŚw�Ťx‰�y‹�wŠ‘x‹’yŽ’{Ź�xŽŤwŚŽxŤ�zŹ‘{’‰vŚ‹xŚŹyŽŚv‹ŹyŽ“~‘ŹxŚ�wŠ‘x‹ŹxŚŚu‰Śv‹ŽxŤŽxŤ‰vŠ‹uŠŤwŚ�xŽ’yŹ”xŽ“wŤ“vŚ’u‹‘u‹Źv‹�wŤ‘xŽ“wŽ“wŽ’vŤ‘uŚ�t‹’vŚ’vŚ“x‹–{Ž”yŠ’w�”yŠ•z‰”|Š“{‹•z‹•zŤ–{Ž•zŤ“x‹’vŚ’vŚ”xŽ–{Ž–yŤ“vŠ’u‰“x‹Źv‹Śu‰Ťt‰Źv‹ŽuŠŚs�ŽuŠ“zŹŽuŠŤt‰Ťt‡Žu�Ťt‡Śu‡Žw‰‘zŚ’yŚ‘x‹�wŠŹv‰Ťt‡‹r…Śs†Źv‰‹t†Ťv�ŹxŚ�yŤŹxŚŤvŠ‹t�ŚtŠ‹uŚ‰vŚ‰sŠ‡q†‡o…Šr�Źv‹‘xŤ’wŠ“x‹’wŠ‘v‰’wŠ’wŠŹv‰Śs�‰p…Śs‰‘uŚ�t‹ŹsŠŹsŠŽr‰Ťq�Žr‰Žr‰ŹvŚŽu‹Śr‹‹s‰ŚtŚ‰q‡‹r‡Šq„‹r…Śs†Śs�‹r‡‹r‡Śs�Šq†Šq†Šq†Šq†‹r‡‹r‡Śs†‹t†Šu�‹v‰Šu†�s„‰t…�s„‰r„‹t†‹t†Śu‡Śu‡‰r„�q�‰p�Šq„‰r†‹s‰Ťu‹Šr�…o„†p……o„�m‚�m‚†s‡†s‡�p†€m�€m��l‚}k�€n„}n�}n�~o„�p…�p…~o„|m‚{l�yj�zk€{l�{l�zk€yj�zk€{l�xj�yk‚xj�ug~vh�zl�{m„yk‚wi‚ug€sf€uh‚wj†xk‡wj�uh„yk…zl†xj„ug€vh�yk„{m„zl�zl�yk‚yk‚yk‚wi‚vh�wi‚xj�wk�xl„xl„wk�th€sg�ui�ym…vi�uh‚wj„xk…vi�wj„xk…vi�tg�tg�uh‚uh‚wj„xk…yl†yl†wj„wj„wi�vh‚xj„yk…wi�tf€se~ug€ug€ug€ug~vh�wi€vh�vj€xl‚ym…wk�uh‚tg�—ŚŞ…z�†{›†{›‡~ť„{š†|ž†|ž†|ž�y›‚xš�y›…|›†}ś‡~›‡~›‰~ś�}›‡|š‡|š‡|š�}›‰~ž‰~ž‰~ž†}ś…|›„{š…|›†}ś‡~ť��ž�}ť‰~ž�}ť†{›‡|ś‰~ž�}ť„y™„y™�}ť�}ť†}ś‰~ž†}ś…zš†{›�}›„y—†{™‰~śŠ�ť‰~ś�}›„y—…z��}›†{™„y—‡|š�}›‡|š†}š…|›‚{š�z™€y��z™�|›…|›…|›†}ś„{š„y™�x��x�„y™†{›�}ť�x—€w–�z™…|›„{š„{š„{š‚y�‡}ź…{ť„zś…{ť†|ž†|ž†|ž‡~ť‰€ź‡~›„{�‚y–‚y��z™„zś„zś�w™�w™…{ť�y›…{ť�~ �y›‚xš‹‚ˇ‡~ť„{š„{š†}ś‡~ť†}ś„{š�x—�x—‚y�‚y��z™…|›†}ś…|›‡|š�x–�v–„y™„{š‚y��x—‚y�„y—�v”�v’‡z–‰{•‰{•‹}—�€š’‚ś”‚š—€š™�™ť„š¤�ž¦‰ť§��«‹�±�™ą–ťŔ™žĆś ÍźˇĐź˘ĐžˇÎť ŃŁĄÔ¦©Ď˘ĄČ› Â—žŔ•śŔ—źż–ž»“ś¸Ž�·Ź�»‘›¸�™¶Ś–¸Ź—ż’™Â“™Á’�Ă”šĆ—ťĹ–śÄ•›Ç�žËť Íź˘Íź˘ĚžˇĘśžĘśžËšťËšžĆ•›Ç–śČ—ťČ—›É�›Ë››ÎžśŃ˘śÔ¤�Ó¤’Ű«”ęĽšöÇťňÄ’ćą€ŕŻuŮˇnŐ™gĘŚ[ÍŤ]Ő“cÚ–gß™hŰ“cË�QĂyHľtCżsB˝pBżqCĹtIÉvJÉrEÂmD¶aB©U;˘P:¦T<˛^B·gFżsQ©gGs;"9
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8��'�����������8.9„w‹„vŹ‚tŽ‚uŹ…x’€sŤ�q‹†v�‡w’„tŹ�qŚ�sŽ�x“�x“„tŽ�sŤ„tŽ…uŹ…vŤ…vŤ…vŤ†wŽ‡xŹ†wŽ…s‹„rŠ‡uŤ‡w‘‡w‘„tŽ‚rŚ�sŤ€rŚ�sŤ�sŤ€rŚ~pŠ~pŠ~qŤ~q‹�sŤ‚rŚ‚rŚ‚rŚ�sŽ†v‘…w‘…w‘~oŚ�pŤ€rŚ�sŤ‚tŽ‚tŽ�sŤ~pŠ�rŹ�pŤ~oŚ�pŤ�sŤ‚tŽ‚rŤ�qŚ�sŽ„tŹ†tŽ†tŽ†tŽ…sŤ„rŚ�q‹ŠvŹ‡tŠ…qŠ�u‹‹w�ŚyŹ‹xŽ‹xŽŚyŹ‹xŽ‹xŽ‹xŚŚvŤ‹uŠ‹uŚ‹uŚŠt‹‹uŚ‹uŚ‹uŚ‹uŚŚvŤŚvŤ‹uŚŚvŤŤwŚŽxŤŤx‹‹v‰‹v‰Žw‹�yŤŽu��wŠ”{Ž“|Ž�yŤŤvŠŽvŚ‘{�ŹyŽ‹uŠŽxŤ�xŽŤvŠŽw‹‘zŽŽw‹‘x‹’yŚŹxŠŤv�Žw‹�{Ž‘{�ŹyŽ‹uŠŤwŚ‘zŽ“zŹ”xŽ“wŤ–yŤ—zŽ”yŚ•zŤ•yŹ”xŽ’vŚ’vŚ’vŚ“wŤ•yŹ–z�”wŤ’u‰–yŤ—zŚ–y‹–{Š•z‰•z‰“x‡”x‡–y‹�{Ť—zŚ”w‰’u‰“vŠ”w‹”w‰–w‰–w‰•v�“v�’wŠŹv‰‘v‰’wŠ’wŠ‘v‰’wŠ–{Ž“x‹‘v‰‘v‰�wŠ�wŠŹv‰‘x‹”{Ž’zŠ“x‰“x‰•z‹’wŠŤr…Šq„Ťt‡Žu�Źv‰Źv‹�wŚŹxŚ�yŤŽw‹‹s‰‰sŠŚvŤŚvŤ‡q†�p†Śu‰‘xŤ’yŽ’yŚ‘x‹Źv‰Ťt‡ŽuŠŽuŠŚs�‰p…Śs�Ťt‰ŽuŠŽuŠŽuŠŤt‰Śs�Šq†‹r‡Śs�Źv‹�wŚŤu‹Śu‰‹s‰†q„�q…�q…Šs‡Śu‰‹s‰Šr�Šr�ŚtŠŠr�‰q‡‰r†Šs‡Śu‰Śu‰Śu‡Šs…Šu�‡r…‡r…‡r…†q„‡r…‡r……p�‡r…‰t‡‰t‡‡r…„o‚…n‚†o�‡p„Šr�‰s�†p……o„…o†�n„�l‚�n„„q‡„q‡�o‡€n†�m…{i�{i�€n†|m„}n…~o†€q��p‡}n…yj�wh�zk‚|m„}n…|m„zk‚xi€yj�zk‚yk„yk„wi‚tf�ug~xj�zl�zl�vh�wi‚wk�wk�wj„vi�uh„uh„vh‚wi‚wi‚vh�wi‚zl�zl�wi€zl�{m„zl…wi‚vh�wi‚wi�wi�ui�vj‚vj‚vj‚ui�sg�th€wk�vj‚ui�wj„xk…vi�vi�vi�tg�vi�vi�vi�vi�vi�vi�wj„wj„xk…uh‚ug�wi�yk…xj„vh‚tf€se~ug€ug€tf�tf}ug~vh�vh�xj�zl�ym…wk�vi�vi�™Ž¬�}›Š�ź�}ť‰€ź†}ś�~ �~ �y›�y›�y›„zś†}ś‡~ť��ś��śŚ�ź‹€ž‰~ś�}›‡|š‡|š‡|ś�}ť‡|ś‡|ś…|›„{š„{š…|›…|›…|›†{›‰~ž‰~ž…zš„y™†{›†{›�x�„y™†{›�}ť�}ť‡|ś…zš…zš‡|ś‹€ž‡|š†{™�}›‰~śŠ�ť‰~ś†{™†{™Š�ť‰~ś†{™‡|š‰~ś�}›‡~›‡~ť„}ś�|›‚{š�|›„}ś†}ś…|›��ž…|›„y™„y™�x��x�†{›Š�ź„{š„{š†}ś‡~ť…|›…|›…|›‚y�†|ž†|ž…{ť…{ť…{ť…{ť…{ť†}ś†}ś„{�„{�„{�…|›…|›„zś‚xš}s•€v�„zś„zś…{ť†|ž…{ť„{š…|›…|›…|›‡~ť��ž��ž‡~ť†}ś„{š�z™�z™�z™„{š…|›…|›„{š‰~ś†{™„y™…zš…|›„{š�z™…|›…z��x–†y•‰|�‹}—‰{•�z”Š|–Ž€š�€š”€›��››�›ž…›ź�™ť‚•¤�—Ş‹š°�›·“ťľ–žĂš Ęť¤ĚťŁŃ ŁŐ¤§Ř§ŞÔ¦¨Íź˘ÇšźĹ�ťĂ�źŔ•śĽ“›ş‘™˝”śŔ– Ľ’ś·Ť—ąŽ—Ŕ“šÁ’�Á’šÄ•›Ç�žĆ—ťĹ–śÉš ĚťŁÍź˘Íź˘ĚžˇĚž ÍźˇĎžˇÎť Č—›Ę™ťĚ›źÍśźÍťťÎžśĐ śŃ˘śÔ¤�Ń˘’×§�ĺ·–ňÂšňÄ“č»„ß°xŢ©uŰˇqŃ•cĐ’aĐ‘^Ň�^Ů•dÝ—fÔŽ]Ń‰YÉ�QÁwHżuFĘ}OÓ…WÓ…UÓ�RÍzNĹqO·aF›E.†0�“=$®[=˝oKÁyS°nL‡K/f2�L��K#�L)#G*$F/'H:/d\O\YJNK<:3#7)�N<0M9.jXLŚ{qocWRJ?OF=NG7_V7~tP“ŠcŚ�\i`7WN%„{Ppg<g^3…|QŹ�ZŚ…W��U‹„Xš“g ™kť—eŁťiś–b•Ź[–�\–�\™–c‰†S‡„Q‡…TzxG}}KŽŽ\�Ź_‘�`ťšm�~VFA�FA�^\5Š‹c—�nŹ�f�€T{zL{zJwuEtpCkf<a^5a]7_]7WT5FB%40�2,�4-�*#�$��*$� ����
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�������
�����
	
������
�	������	���	
������������������˘}uĚś’Î�ŚĘ’…Ě’„ÂŠ}Ä�…ˇyoR:.@2)JA:?82>7/G@8@;5>7/I;0TF9MC98/&=6.@91\OFOE<$��0'"H92K:0A/#E5(WI@g]TaXQ94.���������%�!������&��#�����������������������������������V3-˛}uĂ�z˝‚tľ�uľ�xľ�x˝�w»�uş~tş€uş€uą�tş�wş�xĽ�z¸�v¶}tµ�u¶€vµ�u¶�x¸�{µ�zµ�z·€{·}yą�{»„�˝�€ľ‰�ą…zŔŚ�ÂŽ�˝‹‚¸Ś�śzp[E8v_QşŽ�ĹŹ�ÂŚ€Á‹�ĆŽ�ÄŚ�Â�|Ĺ‹�ĆŚ€Ĺ‹�Ĺ‹�ÄŚ�Ä‹€Ä‹€Ä‹€Ä‹€ĆŤ‚ĆŽ�ÇŹ‚ÇŹ‚ĆŽ�Ă‹~Ă‹~ÄŚ�Ă‹~Á‰|Á‰|Ă‹~ÂŠ}Ŕ�{Ŕ�{Ŕ�{Á‰|Ŕ�{Ŕ‡|ż†{ľ…zÁ�}Ä‹€Á�}Á�}Ŕ‡|Ŕ‡|ż†{Á�}Â‰~Ŕ‡|˝„yş�vĽ„wż‡zÁ‰|Á‰|Ŕ�{ż†{˝„yĽ�xľ…zż†{ľ…zĽ�x»‚wĽ�x˝„yÁ�}˝„y»‚wľ…zż†}Ľ�zş�x»‚y˝„{ľ…|˝„{ą€wą€w˝„{ż†}˝„{˝‚zľ�{ľ�{ż„|˝‚zş�wş�wĽ�yĽ�y˝‚zĽ€xą}uą}sĽ€v»�u·}r·~s¸�tą€u¸�t¶|q´zoµ{p¶|q¶|qą�tş~t¸|r¶zp·{q¸|r·|tµ|uµ|u¶}v·~w¶{u˛wq°uq°uq°uq°uq˛wqłzs˛yr®un­tm¬un«to¬up¬up«to©tp©tp¨so§rn¨so§rn¨so©tp©tp§rn§rn¨so˘olŁpm¤qn¤qn¤qn¤qnŁpm˘ol˘ol˘ol˘olźliťjgťjgźliˇnkˇonžnlťkjśljťkjślj›kišjh�hf›kižnlžnlśljšjh›kiślj™ii—gg—ggšjjšll™kk™kk›mm“ee–hh™hk—fi•dg•dg�gj—ik–jk“jh’fe’fe•gg�jj�jj•ggšjj—gg”dd”dd”ff–hh•gg”ffšjj–fd•cb”dd”bc’bb”cf—fi•dg–eh•dg‘ce“be”fh—gg–ff–ff•ee“cc“cc—ef™gh—ef”bc™ghšhgśihťji›hg™fcšgd kgžhfťhdžfeźheźgfźheˇih¤mjˇih if hg if˘hgŁig¤jiĄki§mi¦lh§mi§lhŁhb¤ic©lg«ni­ng®oh°oiŻnh®ne®ne˛og˛ri°pf­mc­mc®nd­ne®of°qhŻpg«lcŞla«ka®ndłpgłqe˛pdłodşqhşpgşpgĽog˝pf˝pf˝qdľpdÂthľpdĽnbżodÄtiÇwlĹujÄrfĚthĐteÓwjÖzmÔ{mŇykŇykŇzlŃykŃ{lŃ{lÎ{kĎ|nĐ}oĐ}oÎ{mŇ|oÓ}pĎxnĎxnĘvkÇuiĹviĽnaĽpcąob¸pd·qełod®j_©f]©d]Şdb§aaŁ_^ž^\›^]�\\•[Z‘YZ”\]ŤVY‘Z_�^aŤ\`�Z]�UW�VZ‚Y_„[a€W_�V^�Zb‚Ya�V^€W_~U]|S[xOW}T\}T\xOWxNXwNV{RZ}T\{RZwNVwNVwNVvMUxOWwNV~U]|S[yPX{RZ{RZđÄˇç»�ćş•ĺą”é»—íŔ™ę˝–éĽ•ë»•ęş”ęş”ë»•ę˝–ę˝–ęĽ�ëľ—ćą’č»”č»”ćą’ćą’éĽ•í˝—í˝™éą•éą•éą•éą•éą•ęş–ë»—ěĽ�čş–é»—é»™čş–çą—čş–ęą�č¸”ęą�ç·“č·–éą•č·–éą•ęą�č¸”é¸—č¸”ç¶•č¸”ęą�ęş–č·–ć¶’ĺ´“ĺµ‘ç¶•č¸”éą•č¸”č¸”éą•é·–č¶•č¶•č¶•č¶•č¶•ć´“ä˛‘ă±�ĺł’ćł”ćł”ă°‘ŕ­ŽâŻ�ä±’ă®Źá¬Ťŕ«Śŕ«Śá¬Ťá«Źß©ŤÝ§‹Ţ¨Śß©Ťß©Ťß©ŤŢ¨ŚŢ©ŠÝ§‹Ý§‹Ü¦ŚŢ¨ŽŢ¨ŽÝ§ŤÝ§ŹÜ¦ŚÚ¤ŚŘ˘ŠÜ¤ŤŰŁŚŰ˘ŽÜ¤ŤÜŁŹÚ˘‹Ů ŚŮˇŠŰŁŚÚ¤ŠÚ¤ŚÚ¤Ś×ˇ‰Őź‡Ö �Ů˘ŤŰ¤ŹŮ˘ŤŮ˘ŤÚŁŹŮ˘Ž× ŚÖź‹ŘˇŤŘˇŤ× ŚÖź‹× ‹Řź‹×žŠ×ź�Ř ‰Ú˘‹ŮˇŠŘź‹Öť‰×ž‹ŘźŚ×žŤŐś‰Ů˘ŤŮŁ‹ŘˇŚŘˇŚŘˇŚ× ‹Öź‹Öź‹Ň›‡Óś�ÓźŠÓźŠŇž�Ňž�Ô ŠŐˇ‹× ŚŐťŚÓ›ŠÓ›ŠÔś‹ŐťŚÔś‹Ôś‹Ó›ŠŃ™�Ňš‰Ó›ŠĎšŠŃśŚÓžŽŃśŚŃśŚĐťŚĐťŚĐťŚĎś‹Íš‰Í™‹ÎšŚÎšŚĚ�ŠË—‰Ě�ŠÍ™ŚÍ™ŚË—ŠÉ•‡Í™‹Ę™ŠÉ�‰Č—�Ç–‡Ç–�Ç–�Ç–�Ç–�Č—‰Č—‰Ç–�Ç•ŠČ–‹Č–‹Ć”‰Ć•‡Ć•‡Ć•‡Ç–�Č—‰Č—‰Ć”‰Ĺ“�Ä’‡Ć”‰Ć”‰Ä’‡Ć”‰É—ŚÇ•ŠÂ�…Ć•‡Ä”†Ä•…ĘŁ’˛•‡‰ujfUKSE8vcT—‚qž‹|vdVqeYxl`[N>:. &��6/'F=62)"&��"��2'#+ ����&��,'#+&"�����
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