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• Monitoring water quality in urban watersheds
– Regulatory Compliance 

– Ecological Health

– Economics

– Public Safety and Community Resilience

Background
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Presenter
Presentation Notes
Why important?  Safe drinking water, recreational uses, increased home values due to aesthetic value



http://www.boston.com/news/local/massachusetts/articles/2007/07/19/again_algae_may_spoil_charles_swim/
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Presentation Notes
Blue-green algae (cyanobacteria) bloom in the Charles River – caused by nutrient loading
Had to cancel river swim due to human health worries




4



5



6



• Water quality impacts in urban watersheds
• Primary contaminants

– Nutrients
– Organic matter
– Microbial pathogens
– Heavy metals

• Monitored using primary indicators
– Nutrients  -->  Nitrate/phosphate concentrations
– Organic matter  --> DOC
– Microbial pathogens --> E. coli or Enterococcus
– Heavy metals --> Mercury
– Dissolved oxygen
– Temperature
– General appearance

Background
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Presentation Notes
Talk about water quality issues in rivers in the Boston area
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E. coli sampling, June 2009
http://www.mwra.com/harbor/html/bhreport.htm
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Presentation Notes
MWRA measures E. coli, Enterococcus, fecal coliform, algae, and clarity
Sampling for E. coli June 2009
Not many sampling sites in Neponset



http://www.mwra.com/harbor/html/bhreport.htm
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Presenter
Presentation Notes
E. coli counts greater than 126 colonies per 100 milliliters of water fail to meet the Massachusetts Department of Public Health swimming standard.
Not many sampling sites
Sampling might not capture rain events
Geometric mean - numbers are multiplied and then the nth root (where n is the count of numbers in the set) of the resulting product is taken







http://www.mwra.com/harbor/html/bhreport.htm
11

Presenter
Presentation Notes
Perhaps the sampling by the MWRA does not fully capture runoff, and contaminants, from rain events
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Presentation Notes
BADs includes preemptive closures for rain events, as well as high bacterial count closures
In short, runoff can have a huge effect on water quality



Research Objectives

1. To create an adaptive monitoring network in 
a watershed to capture rain events

2. To integrate hydrological flows and water 
quality information into a predictive 
watershed model

3. To extend these approaches to a second 
urban watershed/estuary to determine the 
validity of the approach
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Sampling Area
Neponset River Watershed

• 130 square miles 

• 14 cities and towns

• ~330,000 people 

• 30 miles long 

• Freshwater flux  ~2 m3 s-1

(range <2 to 40 m3s-1) 

http://www.neponset.org
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Presenter
Presentation Notes
Easy to do monthly samples – single day, 6-8 hours plus processing time
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http://www.e-referencedesk.com/resources/counties/images/washingtondc_map.gif
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Presenter
Presentation Notes
Land area is just over double the size of the land area of Washington, DC
DC land area = 60 sq mi



How would you design a sampling protocol
in order to capture rain events in the 

Neponset Watershed?

www.pedrascience.com
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– Monthly discrete sampling at 31 sites within the 
watershed

• Have 12+ months of samples, continuing 20 months of 
previous work

Sampling Methods
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Presentation Notes
Pore Points: mixture of endmembers
Land use: endmembers based on land use type, majority (80%+) of land near point is one type: golf, forest, industry, residential, wetland



First Flush

• Increased contaminant loads after beginning of rain 
event

• Flux not captured by conventional sampling methods

http://www.stormh2o.com/march-april-2008/pollutants-run-off.aspx19

Presenter
Presentation Notes
Concentration maximum does not correspond to the peak in the hydrograph
First Flush: The discharge of a larger mass or higher concentration in the early part of a storm relative to the later part of the storm. The term can be applied to any water-quality parameter or constituent, such as metals, litter, particles, toxicity, or turbidity, and both terms can be used to describe a mass first flush or a concentration first flush. The magnitude of the first flush will depend on site-specific conditions, but the term first flush is applicable.



http://www.stormh2o.com/march-april-2008/pollutants-run-off.aspx20

Presenter
Presentation Notes
Chemical Oxygen Demand (COD): commonly used to indirectly measure the amount of organic compounds in water.  The basis for the COD test is that nearly all organic compounds can be fully oxidized to carbon dioxide with a strong oxidizing agent under acidic conditions. Potassium dichromate is a strong oxidizing agent under acidic conditions. Acidic conditions achieved by adding sulfuric acid. In the process of oxidizing the organic substances found in the water sample, potassium dichromate is reduced to Cr3+. The amount of Cr3+ is determined after oxidization is complete, and is used as an indirect measure of the organic contents of the water sample.



– Monthly discrete sampling at 31 sites within the 
watershed

• Have 12+ months of samples, continuing 20 months of 
previous work

– High frequency discrete sampling (autosampler)

Sampling Methods

http://sigma900.watertest.com.cn/products/html/sampler_flowmeter/56.html
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Presentation Notes
Autosampler: programmable, glass bottles, Teflon tubing



http://www.stormh2o.com/march-april-2008/pollutants-run-off.aspx22



– Monthly discrete sampling at 31 sites within the 
watershed

• Have 12 months of samples, continuing 20 months of 
previous work

– High frequency discrete sampling (autosampler)

– Real time sensor network - Boston Environmental 
Area Coastal Observation Network (BEACON)

Sampling Methods
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Presentation Notes
BEACON objective: (a) developing “smart” sensor networks for observing complex interactions of coastal systems including “hotspots and hot moments,” in the Neponset River Watershed, Neponset Estuary, and Boston Harbor; (b) developing discrete and agent-based models to rapidly analyze and visualize complex and non-continuous datastreams; and (c) developing and test new environmental sensors and evaluating the potential to transfer the sensor network technology to commercial markets.
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Presentation Notes
Temp, flow, CDOM, other measurements
4-5 within watershed (w/ ONR funding)
BEACON sites at Umass Boston, Spectacle Island, Thomas Marine, Port Norfolk, Granite Ave Bridge



– Monthly discrete sampling at 31 sites within the 
watershed

• Have 12 months of samples, continuing 20 months of 
previous work

– Discrete sampling with autosampler

– Real time sensor network - Boston Environmental 
Area Coastal Observation Network (BEACON)

– Autonomous Underwater Vehicle (AUV)

Sampling Methods
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Presentation Notes
AUV to follow river discharge into harbor



– Monthly discrete sampling at 31 sites within the 
watershed

• Have 12 months of samples, continuing 20 months of 
previous work

– Discrete sampling with autosampler

– Real time sensor network - Boston Environmental 
Area Coastal Observation Network (BEACON)

– Autonomous Underwater Vehicle (AUV)

– GIS

– Remote sensing

Sampling Methods
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Presentation Notes
Groundtruthing remote sensing data with my samples



• Samples will be analyzed for:
– Dissolved Organic Carbon (DOC)

– Chromophoric Dissolved Organic Matter (CDOM)

– Nutrients

– Caffeine (limited)

• Data sharing with Neponset River Watershed 
Association monitoring network
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Presenter
Presentation Notes
E. Coli sampling: partner with NepRWA, sample subset of sites, for a year?
Caffeine: measure in estuary/Harbor, exploratory look in Neponset



Research Objectives

1. To create an adaptive monitoring network in 
a watershed to capture rain events

2. To integrate hydrological flows and water 
quality information into a predictive 
watershed model

3. To extend these approaches to a second 
urban watershed/estuary to determine the 
validity of the approach
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• Soil and Water Assessment Tool (SWAT) model
– Developed by the US Department of Agriculture’s 

Agriculture Research Service

– Possible to predict the influence of land use on 
constituent yields within a watershed (Arnold et 
al., 1998; Santhi et al., 2001) 

– Data collected will be input into SWAT model
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Presentation Notes
Different components of the SWAT model are used to predict loadings of runoff, sediments, nutrients, and bacteria from upland areas into the river 
SWAT interfaces with GIS
Relating hydrological flows to predict loadings
Not as simple as plug and play



Research Products

• Watershed model that will better capture episodic 
events

• Peer-reviewed publications

• Policy papers?  (land use, stormwater management, ?)

• Sociological study?  (NepRWA volunteers)

• End Goal: Resource managers will be better able to 
make decisions about land use and water policies in 
the Neponset River
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Future Work
• Extend methods to second urban watershed to 

assess validity of methods
• Location?

• Jiulong River Estuary, near Xiamen, China

• Mato Grosso, Brazil

Maskaoui et al. 2005 
31
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Presentation Notes
Jiulong River Estuary, near Xiamen, China
Mato Grosso, Brazil



Conclusion

• High resolution, adaptive sampling methods 
will show the influence of storm events on 
contaminant fluxes

• SWAT model will enable prediction of 
contaminant levels exported to Boston Harbor

• Resource managers will be better able to 
make decisions about land use and water 
policies in urban watersheds

32

Presenter
Presentation Notes
Feed hydrological model into estuarine model
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Questions?
Suggestions?

34



35



Arnold et al. 1998
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SWAT takes into account the following sources



Hellweger and Masopust 200837

Presenter
Presentation Notes
Hellweger and Masopust sampling schematic




Hellweger and Masopust 2008 38

Presenter
Presentation Notes
Hellweger sampling protocol: spatial 25m, temporal 1 hour
757 samples for E. coli and turbidity
Spatial (2 surveys): samples taken every 15 sec from a slow moving boat, about 25 m between samples, depth 30 cm
Temporal (2 surveys): autosampler at Community Boating dock, samples taken hourly for 7 days, depth 30 cm 
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