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Dear Navigating the Future  
of Water Conference Participants,
Welcome to Milwaukee, a leader in navigating the future of water, where 
water research and water technology innovation converge.

We are thrilled to have you participate in Navigating the Future of Water - 
Charting a Vision for American Cities, as we explore the many interlinked 
challenges facing water and urbanization in the coming century.

This conference will highlight new research addressing emerging threats, 
critical infrastructures and evolving policies surrounding the availability of 
freshwater.
 
By bringing together an interdisciplinary mix of academics, industry leaders, 
and government officials, we hope to delve further into important water-
related issues, present promising ongoing water research, and determine 
future water research needs. 

We hope you enjoy your time in Milwaukee and gain valuable knowledge and 
insight at the first annual Navigating the Future of Water Conference.

Wishing you all the best from the Conference Planning Committee, Faculty 
Session Chairs, and Conference Advisers
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AGENDA
OCTOBER 18, 2017

UWM School of Freshwater Sciences, 600 East Greenfield Avenue, Milwaukee

5:30-8:00pm Open House and Reception
Tour UWM’s School of Freshwater Sciences while 
networking over cocktails and hors d’oeuvres. 
Harbor tours on the research vessel, the Neeskay, will be 
offered on a first come first serve basis (weather permitting). 

OCTOBER 19, 2017
Hilton Milwaukee City Center, 509 West Wisconsin Avenue, Milwaukee

7:15-8:00am      Registration & Continental Breakfast
Crystal Foyer, 5th floor

8:00-8:15am      Welcome and Opening Remarks
 Crystal Ballroom, 5th floor

Val Klump, Dean, UW-Milwaukee School of Freshwater 
Sciences
Mark Mone, Chancellor, UW-Milwaukee
Dean Amhaus, President & CEO, The Water Council
Talia Tzour-Avner, Chief Israel Emissary to the USA, Keren 
Kayemeth LeIsrael Jewish National Fund

8:15-9:00am      Plenary
 Crystal Ballroom, 5th floor

The Changing World of Urban Water Management
Kevin Shafer, Executive Director, Milwaukee Metropolitan 
Sewerage District

9:00am-12:10pm Session 1: Micro to Macro Threats 
 Crystal Ballroom, 5th floor

9:00am The Interface Between the Urban and  
 Natural Environment

Sandra McLellan, University of Wisconsin-Milwaukee

9:20am Benthic Microbial Communities in Urban Streams Are  
 Impacted by Antropogenic Contaminants Linked to  
 Sewage Infrastructure

John Kelly, Loyola University Chicago

9:40am The Globally Distributed Freshwater, Filamentous  
 Green Algal Genus Oedogonium Forms Conspicuous  
 Attached or Floating Growths Along Shorelines

Michael Piotrowski, University of Wisconsin-Madison

10:00-10:10am Break 
 Crystal Foyer, 5th floor

10:10am The Use of Models to Predict and Manage Nearshore  
 Water Quality in Lake Michigan

Harvey Bootsma, University of Wisconsin-Milwaukee

10:30am The Effects of Minnesota’s Phosphorus-Free  
 Fertilizer Law on Surface Water Quality

Zach Raff, University of Wisconsin-Stout

10:50am Evaluation of Municipal Stormwater Best Management  
 Practices for NPDES Compliance

Walter McDonald, Marquette University

11:10am Possibility, Probability and Climate Catastrophe
Paul Roebber, University of Wisconsin-Milwaukee

11:30am Dynamically Downscaled Hydrological Projections for  
 the Great Lakes Basin

Michael Notaro, University of Wisconsin-Madison

11:50am Integrating Qualitative and Quantitative Scenarios to  
 Envision Plausible Futures to 2070 in an Urbanizing  
 Agricultural Watershed in Wisconsin

Eric Booth, University of Wisconsin-Madison

12:10-12:30pm      Break 
 Crystal Foyer, 5th floor

12:30-1:30pm      Lunch and Speaker 
 Crystal Ballroom, 5th floor

Opportunities Related to Water at the National Science 
Foundation
Andre W. Marshall, Ph.D., Program Director, Industry 
University Cooperative Research Centers (IUCRC), Division 
of Industrial Innovation and Partnerships (IIP), Directorate  
for Engineering (ENG), National Science Foundation
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1:30-3:10pm      Session 2: Water Centric Urbanism  
 and Critical Infrastructure 
 Crystal Ballroom, 5th floor

1:30pm Third Coast Atlas: Prelude to a Plan 
Clare Lyster, Architect, Educator and Writer

1:50pm Lead Service Lines and the Challenges of Aging  
 Water Infrastructure

Jennifer Gonda, Milwaukee Water Works

2:10pm Combined Sewer Overflow decision making at the  
 Milwaukee Metropolitan Sewerage District

Patrick Obenauf, Milwaukee Metropolitan Sewerage District

2:30pm Brief SWOT Analysis of Urban Water Systems
Hector Bravo, University of Wisconsin-Milwaukee

2:50pm Innovation Agenda at Greenfield Gate
Jim Wasley, University of Wisconsin-Milwaukee

3:10-3:20pm Break 
 Crystal Foyer, 5th floor
 
3:20-5:00pm Session 3A: Water Centric Urbanism/Session 3B:  
 Urban, Rural and Groundwater Policy 
 Wright Ballroom A and B, 4th floor

3:20pm The Mary Miss Water Marks Project
Aaron Asis, Project Designer, CALL/City as Living Laboratory

3:40pm From Waste to Wonder: Imagineering Fluid Futures 
Nikole Bouchard, University of Wisconsin-Milwaukee

4:00pm Aquifer Drawdown and Recovery in the Northeast  
 Groundwater Management Area, Wisconsin

John Luczaj, University of Wisconsin-Green Bay

4:20pm Legal Feasibility of Legislated Groundwater Markets in  
 the Eastern United States

David Strifling, Marquette University of Law

4:40pm Nutrient Pollution and the Broadening Urban-Rural  
 Divide

Michael Tiboris, The Chicago Council on Global Affairs
 

3:20-4:40pm      Session 3C: Critical Infrastructure and Water Technology 
 Crystal Ballroom, 5th floor

3:20pm Transmission Electron Microscopy Methods for  
 Detection and Characterization of Nanoparticles in  
 Potable Water

Marija Gajdardziska-Josifovska, University of Wisconsin-
Milwaukee

3:40pm Nanomaterial-based Real-time Electronic Water Sensor
Guihua Zhou, University of Wisconsin-Milwaukee

4:00pm Influence of Permeate from Domestic Reverse  
 Osmosis Filters in Lead Pipes Corrosion and Plastic  
 Pipes Leaching

Jin Li, University of Wisconsin-Milwaukee

4:20pm NEWAGE – A System to Protect Freshwater,  
 Manage Stormwater, and Reclaim Wastewater for  
 a Sustainable Community

Zhongzhe Liu, Marquette University
 
5:00-6:30pm      Poster Session, Regency Ballroom, 5th Floor

6:30-7:30pm      Dinner, Crystal Ballroom, 5th floor

OCTOBER 20, 2017
Hilton Milwaukee City Center, 509 West Wisconsin Avenue, Milwaukee

8:00am     Continental Breakfast 
 Crystal Foyer, 5th floor

8:45am      Plenary 
 Crystal Ballroom, 5th floor

Scott Bernstein, Executive Director, Center for Neighborhood 
Technology (CNT)

9:15am-11:50am Session 4: Redesigning Urban Waterfronts and Cities 
 Crystal Ballroom, 5th floor

9:15am Planning for a Water Centric City 
Dave Misky, City of Milwaukee

9:35am Placemaking on the Waterfront: Menomonee Valley,  
 Harbor District

Dan Adams, Harbor District
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9:55-10:10am      Break 
 Crystal Foyer, 5th floor

10:10am Design and the Inner Harbor
Jim Wasley, University of Wisconsin-Milwaukee

10:30am Variations on Boulder Breakwalls as Novel Ecosystems
John Janssen, University of Wisconsin-Milwaukee

10:50am Assessment and Mapping of Milwaukee Estuary Habitat
Brennon Dow, University of Wisconsin-Milwaukee

11:10pm RainReady (Urban Flooding)
Marcella Bondie Keenan, Center for Neighborhood 
Technology (CNT)

11:30am The Past, Present and Future of Urban Water Quality  
 in Tacoma, Washington

Joel Baker, University of Washington

11:50am-12:00pm Break 
 Crystal Foyer, 5th floor

12:00-12:45pm      Session 5: Urban Systems and the Great Lakes 
 Crystal Ballroom, 5th floor

12:00pm A Joint Action Plan for the Great Lakes Clean Water  
 Infrastructure and Services in the Great Lakes Region

Victoria Pebbles, Great Lakes Commission

12:20pm Our Generation’s Responsibility: Restoration of the Great  
 Lakes and an International Decade of Great Lakes  
 Research and Exploration

Val Klump, University of Wisconsin-Milwaukee

12:45-2:00 pm      Closing Lunch and Speakers
A Federal Perspective
Jeff Lape, Deputy Director, Office of Science and Technology, 
U.S. EPA
Judson Greif and Alan MacLeod, Capstone National Partners

ABSTRACTS
ADAMS, DAN

Placemaking on the Waterfront: Harbor District and the Menomonee Valley
Dan Adams, Planning Director, Harbor District, Inc.

Harbor District, Inc. is a non-profit organization working to revitalize the area where the 
Milwaukee, Menomonee, and Kinnickinnic Rivers come together and flow into Lake Michigan.  
Since most of this area has been largely off limits to the public for decades, a key aspect of Harbor 
District’s work has been creating places that allow the public to experience and engage in the 
waterfront.  This session will focus on engagement strategies, placemaking projects, and future 
visioning that aims to create a new neighborhood that incorporates public spaces, places for 
people to work, and maintains the working waterfront.

ASIS, AARON

The Mary Miss Water Marks Project
Aaron Asis, Project Designer, CALL/City as Living Laboratory 

WaterMarks: An Atlas of Water is an urban scale project for the City of Milwaukee designed to 
help residents better understand the relationships to the natural water systems and infrastructure 
that support their lives.

WaterMarks is envisioned as a multi-layered project that will embed an Atlas of Water into 
the City though a series of iconic interventions, site-specific installations, digital access points, 
and community programs. This combination approach will explore the capacity of the arts to 
compliment various technical expertise in establishing a comprehensive framework of WaterMarks 
each intended to share unique stories about water throughout Milwaukee.

BAKER, JOEL

The Past, Present and Future of Urban Water Quality in Tacoma, Washington
BAKER, Joel E., University of Washington; KOLODZIEJ, Ed, University of Washington; DE LEON,  

 Dana B., City of Tacoma; HENLEY, Mary L., City of Tacoma; PETER, Kathy, University of  
 Washington; JAMES, C. Andrew, University of Washington.

Corresponding author: Joel E. Baker, jebaker@uw.edu

Managing water in coastal cities requires balancing known issues such as historical 
contamination and aging infrastructure with poorly understood yet potentially damaging ‘new’ 
issues such as ‘emerging chemical contaminants’.  At the Center for Urban Waters in Tacoma, 
Washington, collaborations between the City of Tacoma and the University of Washington address 
not only the effective clean-up and remediation of one of the Nation’s first marine Superfund 
sites, but also explore sources, behaviors and impacts of a wide range of natural and man-made 
chemicals.  The overarching goal of the Center for Urban Waters is to transition urban water quality 
programs from repairing past harms to avoiding future problems.

Puget Sound waters near Tacoma, Washington were identified on EPA’s first National Priorities 
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Katherine L. Barrett, University of Notre Dame

Corresponding author: Katherine L. Barrett, kbailey9@nd.edu

Wetlands cover less than 9% of Earth’s landscape, yet these dynamic ecosystems offer diverse 
habitats that support waterfowl, fish, and aquatic invertebrate communities (1). On the eastern 
shore of Utah’s Great Salt Lake (GSL), over 400,000 acres of hydrologically modified impounded 
wetlands provide avian habitat in designated Waterfowl Management Areas (WMA). These WMAs 
are designed and managed to control invasive species (common carp, Cyprinus carpio), optimize 
submerged aquatic vegetation (SAV) and associated aquatic macroinvertebrate communities, 
which are important food resources for foraging waterfowl. The presence of carp has potential to 
structure aquatic macroinvertebrate communities through 1) disrupting SAV; 2) direct predation on 
invertebrates; and 3) altering physicochemical characteristics (2, 3, 4, 5). Carp-induced changes 
to SAV and aquatic macroinvertebrates is important to understand, both ecologically and from 
managements’ goal to optimize foraging habitat for waterfowl. To contribute to an ongoing lake- 
and ecosystem-wide effort to determine the ecological health of GSL, aquatic macroinvertebrates, 
SAV, and water quality were quantified in four impounded wetlands located within Ogden Bay 
WMA (Fig. 1) in May and July 2017. These measures were compared across wetlands and months 
using multivariate generalized linear models and ordination approaches. Lower SAV coverage was 
observed in wetlands containing carp, and these wetlands had higher chlorophyll α concentrations 
than wetlands with high SAV coverage. Macroinvertebrate diversity was not significantly different 
among wetland units and months (Kruskal-Wallis; α2 = 2.0833, p = 0.1489), but coarse taxonomic 
analyses suggest each wetland comprises distinct aquatic macroinvertebrate communities that 
changed in a significant way over the course of the summer (Multivariate generalized linear 
model; Deviance = 174.5, p = 0.01; Fig. 2). Relative abundance of four major subfamilies within 
Chironomidae changed significantly between May and July, especially within one wetland that 
was more densely populated with carp in May compared to July, following installation of hog 
panel fencing to exclude large carp in June. While incomplete, these results indicate that resident 
aquatic macroinvertebrate communities in Ogden Bay WMA potentially respond to carp removal, 
and subsequent sampling in 2018 and 2019 will hopefully elucidate the role of carp and other water 
chemistry parameters in structuring these communities. Future directions of this research will 
compare macroinvertebrate communities with those reported in other GSL impounded wetlands.

 
References
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List of cleanup sites in 1983.  Contaminants of concern were those commonly found in urban 
waterways, including PAHs, PCBs, metals, and phthalates.  Clean-up of the sediments in the Thea 
Foss and Wheeler Osgood Waterways (an Operable Unit within the Commencement Bay Superfund 
Site) was completed in 2006 through a combination of dredging and capping.  To monitor and limit 
recontamination of the site, the City of Tacoma leads an aggressive stormwater control strategy 
that includes best management practices, business inspections, public education, source tracing 
investigations, and stormwater treatment.  The City has performed basin-wide street sweeping 
and system-wide storm sewer cleaning in selected drainages to remove residual contaminated 
sediments that may continue to degrade stormwater quality.  Over the past 15 years, this program 
has resulted in dramatic decreases in contaminant concentrations in Tacoma’s stormwater, 
including lead and zinc (45-79% decline), PAHs, (86-98% decline) and phthalates (67-88% decline), 
as documented by the City’s long-term monitoring program.  Since completion of the Thea Foss/
Wheeler Osgood Waterway cleanup, concentrations of target chemicals have increased in the 
surficial sediments accumulating above the dredged and/or capped sediments in response to 
continued stormwater loadings.  These concentrations appear to be leveling out below sediment 
quality criteria, indicating that the waterway is reaching an equilibrium with current sources.

While much progress has been made in correcting problems cause by past practices, a 
significant water quality issue in Puget Sound and other urban coastal areas is whether current 
practices are causing different but perhaps equally vexing problems.  The release of thousands of 
chemicals to waterways from consumer products via stormwater and wastewater is increasingly 
well documented as analytical techniques catch up with the large diversity of chemicals found in 
ambient waters.  Pharmaceuticals, personal care products, cleaners, automotive fluids, cosmetics, 
etc. often contain biologically-active components which may alter the physiology, behavior, and 
reproductive success of aquatic species.  In Puget Sound, concentrations of metals (copper) and 
some anxiety medications occur in concentrations that may alter the behaviors of endangered 
salmonid species.  Stormwater runoff in Puget Sound urban areas is often toxic to adult coho 
salmon, although the causative agent(s) is unknown.  To explore the issue of ‘contaminants 
of emerging concern’, scientists at the Center for Urban Waters are developing target (known 
chemical) and non-target mass spectrometric methods to detect, identify, and quantify hundreds 
to thousands of chemicals in Puget Sound waters, sediments, and biota.  This work is following 
two tracks.  First, liquid chromatography/triple quadapole mass spectrometry is being used for 
wastewater and bacterial source identification through the detection of known tracer compounds 
in receiving streams.  Working in collaboration with local public health departments, this approach 
has proved to be an effective means to detect failing septic systems and to assess the efficacy 
of wastewater treatment.  Secondly, we are using liquid chromatography/quadrupole-time of 
flight mass spectrometry to characterize the chemical composition of surface waters and biota.  
This non-target approach identifies large numbers of chemical features in each sample, including 
natural products, anthropogenic chemicals, and degradation products, which in turn are analyzed 
using multivariate statistical techniques.  Current studies seek to discover the causative agents 
of observed ambient toxicity, to document the accumulation of halogenated metabolites, and to 
explore chemical transformations in the environment.

Urban water managers will continue to face costly challenges from past practices, yet should 
also invest in research and monitoring that will allow them to understand and minimize threats to 
water quality from growing coastal populations.

BARRETT, KATHERINE

Of waterfowl, SAV, and common carp: Investigating aquatic macroinvertebrate 
communities in a Great Salt Lake wetland.
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are harvested for fish and shrimp hatcheries and contribute to a multi-million-dollar industry. Brine 
shrimp, as well as producers and other consumers, are particularly vulnerable to environmental 
changes. A brine shrimp and phytoplankton communities experience inter- and intra-annual 
population fluctuations, changes in abiotic conditions have the potential to disrupt GSL food web 
dynamics.

In order to evaluate shrimp life history traits and therefore impacts on food web dynamics, a 
predictive model is being constructed using system dynamic software (STELLA, isee systems, 
Lebanon, NH).  STELLA’s game-like interface allows users to alter defined variables within the 
model, which is especially beneficial for users to easily visualize processes and interactions 
within the system.  The model consists of stocks of life stages, with births/hatching, transition, 
and deaths operating as inflows and outflows. Physiochemical parameters are also factored into 
the corresponding demographic rates. The variables are appropriately interconnected to produce 
an output of annual brine shrimp populations within the GSL, as influenced by environmental 
conditions and harvesting regulations. 

This model will be integrated into a larger ecosystem-level simulation, including phytoplankton 
communities and migratory waterfowl populations, to predict future scenarios based on potential 
environmental conditions. The ecological and economic value of the GSL stresses the importance 
of adequate management and conservation efforts. As long term stability and economic viability 
is dependent on the appropriate balance of population dynamics and species composition, the 
understanding of the complex feedback systems is necessary for improving decision making and, 
therefore, ensuring the future ecological and economic value of the GSL. 

BERG, ELIZABETH

The Effects of Common Stream Pollutants on Natural and Agricultural Streams’ 
Ecosystem Functions

E. M. Berg1, D. Flagel2

1 University of Notre Dame Environmental Research Center, Charlo, Montana 2Department of  
 Biological Sciences, University of Notre Dame, Notre Dame, Indiana

Corresponding author: Elizabeth M. Berg, eberg@luc.edu

Introduction
Streams are highly influenced by the environment around them and have the capacity to 

transport pollutants downstream or to terrestrial environments. The fluidity of streams makes them 
critically important to understand, especially as United States’ streams become increasingly more 
polluted with contaminants of emerging concern (CECs) and nutrients (e.g. nitrate). Many studies 
have looked at the ways in which streams are physically affected by either one of these types of 
pollutants, but few have looked at their combined effect on the functional capabilities of streams 
(Bunch and Bernot, 2010). Here, I studied how natural streams (i.e. limited exposure to pollutants) 
and agricultural ditches (i.e. likely have been exposed to pollutants) responded to sharp increases in 
caffeine and diphenhydramine, two CECs which are nearly ubiquitous in U.S. streams. I measured 
nutrient uptake rates in both stream types after treating mesocosms with both CECs. 

Methodology
I created stream mesocosms by filling glass jars with water from the stream as well as 

substrates from the stream bed. This study had three treatment types, a reference (no additions), 
a control (only nitrate added), and a contaminated group (nitrate and CECs added). I measured the 
nitrate in these mesocosms every two hours for approximately six hours.

Figures

Figure 1. Map of sampled wetlands 
within Ogden Bay. Red and orange 
fish symbols indicate high and 
moderate carp presence, 
respectively.

 

 

Figure 2. Principle coordinates 
analysis (PCoA) ordination of 
the wetland macroinvertebrate 
communities of Ogden Bay WMA. 
Vectors represent significant 
correlations (p < 0.05) of 
macroinvertebrate taxa with different 
sites.

 

BENEVENTE, SARA

Population Dynamics Model of Brine Shrimp (Artemia Franciscana) with the Great Salt 
Lake, Utah, USA

Sara Benevente, University of Notre Dame

Corresponding Author: Sara Benevente, sbeneven@nd.edu

With the increase of attention to climate change and anthropogenic activities within urban 
areas, the importance of understanding the shifts in ecosystem dynamics, especially those 
concerning our aquatic resources, is becoming more prevalent. Though the Great Salt Lake (GSL), 
Utah, USA, is a hypersaline terminal lake, it serves as an important environmental and economic 
resource via mineral extractions, brine shrimp cyst production, waterfowl recreation, and other 
touristic activities. The inter- and intra-annual variations of the environmental conditions (i.e., 
temperature, salinity, and nutrients) within the lake are further exacerbated by the increase water 
diversions for agricultural and industrial use. These anthropogenic activities have potential to 
affect the simple, yet complex, planktonic food web of the GSL.

Brine shrimp (Artemia franciscana) are diapausing, aquatic crustaceans found in hypersaline 
environments and rely upon phytoplankton as their primary food source. Brine shrimp adults are 
the primary energy source for North American migratory waterfowl. Dormant shrimp eggs (cysts) 



15 16

Bunch A. R. and M. J. Bernot. 2011. Distribution of nonprescription pharmaceuticals in central 
Indiana streams and effects on sediment microbial activity. Ecotoxicology 20:97-109. 

Jekel, M., A. K. Ruhl, F. Meinel, F. Zietzschmann, S. P. Lima, N. Baur, M. Wenzel, R. Gnirß, A. 
Sperlich, U. Dünnbier, U. Böckelmann, D. Hummelt, P. van Baar, F. Wode, D. Petersohn, T. 
Grummt, A. Eckhardt, W. Schulz, A. Heermann, T. Reemtsma, B. Seiwert, L. Schlittenbauer, 
B. Lesjean, U. Miehe, C. Remy, M. Stapf, and D. Mutz. 2013. Anthropogenic organic micro-
pollutants and pathogens in the urban water cycle: assessment, barriers and risk communication 
(ASKURIS). Environmental Sciences Europe 25:20. 

BOOTH, ERIC

Integrating qualitative and quantitative scenarios to envision plausible futures to 2070 in 
an urbanizing agricultural watershed in Wisconsin

Eric Booth, University of Wisconsin – Madison, Department of Agronomy, Department of Civil  
 and Environmental Engineering

Christopher Kucharik, University of Wisconsin – Madison, Department of Agronomy, Center for  
 Sustainability and the Global Environment

Sustaining and improving water resources is difficult because they are part of a complex system, 
where the needs of humans and ecosystems often compete and long-term challenges, such as 
climate change and land-use planning, have many possible consequences and solutions. How 
can we better prepare for the future given this complexity and uncertainty? We can start with 
scenarios, or provocative and plausible stories that guide numerical simulations of future water 
quantity and quality conditions. Using scenarios as a tool can help us understand how our decision-
making today could impact our waters and the services they provide us in the future.

We present – using the Yahara Watershed in southern Wisconsin as a case study – a method 
for developing scenarios that integrate narrative storylines inspired by local community input 
with process-based biophysical models. The modeling suite consists of an agroecosystem model 
(AgroIBIS-VSF), hydrologic routing model (THMB), and empirical lake water quality model and 
estimates several biophysical metrics to evaluate the watershed system under each scenario. 
Quantitative inputs to drive the modeling suite include climate, land use/cover, and land-applied 
nutrients. Climate (daily precipitation and air temperature) for each scenario was determined using 
statistics from 210 different downscaled future climate projections for two 20-year time periods 
(2046-2065 and 2081-2100) and modified using a stochastic weather generator to allow flexibility 
for matching specific climate events within the scenario narratives. Land use/cover for each 
scenario was determined first by quantifying changes in areal extent every decade for 15 categories 
at the watershed scale to be consistent with the storyline events and theme. Next, these changes 
were spatially distributed using a rule-based framework based on land suitability metrics that 
determine transition probabilities. Finally, agricultural inputs including manure and fertilizer 
application rates were determined for each scenario based on the prevalence of livestock, water 
quality regulations, and technological innovations in each storyline. Output from the biophysical 
modeling suite is then translated into indicators that are directly relevant to human well-being such 
as lake water clarity, food production, biofuel production, and groundwater drawdown at private 
wells.

While integrated scenarios can require substantial resources to develop, our project 
demonstrates that they can lead to new and productive conversations among key watershed 
stakeholders about the future of water sustainability. They can also be effective tools for engaging 
members of the public that are often outside the discussion of water management issues by 

Results
A two-way ANOVA was used to examine the differences in nutrient uptake. Both the treatment 

type and the stream type had an effect on the rate of nutrient uptake within the streams (Figure 1). 
A logarithmic transformation was completed in order to normalize the data. The agricultural ditches 
(mean =-9.051 ±1.255 mg L-1 hr-1) had higher nutrient uptake rates than the natural streams (mean = 
-6.144 ±2.536 mg L-1 hr-1, F1,2 =12.59, p<0.001). The test also revealed the reference treatment had 
the lowest uptake rate (mean = -3.759 ± 1.022 mg L-1 hr-1), the control treatment had the 
intermediate uptake rate (mean = -6.400 ± 1.393 mg L-1 hr-1), and the treatment with all 
contaminants had the highest uptake rate (mean = -12.634 ± 3.649 mg L-1 hr-1, F2,2 = 9.988, p<0.001). 
 

Fig. 1. Nutrient uptake rates of streams. Values 
are means with standard errors (n=9 replicates).

Discussion
The agricultural ditches had higher rates of nutrient uptake than the natural streams. This 

pattern likely occurred since the microorganisms living in the agricultural ditches were more 
accustomed to receiving large amounts of nutrients and therefore were more likely to be able to 
quickly process a large flux in nitrate additions. Unexpectedly, the mesocosms treated with the 
CECs responded to the introduced contaminants by processing the nitrate input faster than the 
other two treatment types. The control treatment type, which included a nitrate addition but no 
CECs, had the intermediate uptake rate; the reference, which represented the way the stream 
behaves without any introductions, had the lowest uptake rate. This implies that streams with 
these CECs present are better able to handle any nitrate pollution that may be introduced.  

Implications 
While there are many potentially harmful effects of CECs yet to be fully understood, caffeine 

and diphenhydramine prove to have positive effects on nitrate uptake rates of streams, both in 
agricultural ditches and in more natural streams (Jekel et al., 2013). In the short term, streams 
polluted with caffeine and diphenhydramine are able to process nitrogen pollution faster. 
Potentially, this could prove useful for better predicting the aftermath of spills or accidents from 
waste water treatment plants or from unexpected septic tank leaks. In the future, some may 
attempt to use these CECs as a remediation practice to remove excess nitrogen from streams. 
While this may be beneficial in critical situations where the nitrogen is harming groundwater 
supplies or human health, I do not believe it would be the best practice in terms of preventing 
harmful algal blooms downstream. CECs are widely understudied and the full breadth of their 
effects is yet to be known. Better understanding of the way streams react to these CECs has the 
potential to greatly benefit stream ecosystems as well as human health. 
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FROM WASTE TO WONDER Imagineering Fluid Futures
Nikole Bouchard, Assistant Professor / School of Architecture & Urban Planning at the University  

 of Wisconsin-Milwaukee

Milwaukee’s Kinnickinnic River Corridor on the south side of the city was once a vibrant and 
lively waterway that was lined with native trees and filled with freshwater springs, fishing hot 
spots and thriving flora and fauna. In the 1960’s the riverbed was channelized, leaving a negative 
impact on the ecological and urban landscapes that surround it. The concrete channelization and 
recent encroaching urban development have strangled the Kinnickinnic River, resulting in a man-
made riverbed, or more accurately, drainage ditch, that no longer has the capacity to contain and 
absorb floodwaters. Between 6th and 16th streets, a .7 mile stretch of the Kinnickinnic River is 
sandwiched by dense residential neighborhoods where public health and safety are consistently 
compromised. After numerous studies, the Milwaukee Metropolitan Sewerage District (MMSD) 
has developed an initial plan to rehabilitate the river and manage area flooding. Because of this 
strategy, many of the homes in the dense residential fabric that back-up against this detritus 
ditch have been acquired through eminent domain, and are in the process of being razed. The 
Kinnickinnic River, sometimes called the Lost River of Milwaukee, may soon run through the lost 
south side of the city. 

This paper will present design ideas and interventions that were developed during The 
Urban Edge Award Design Workshop No.02 in February of 2017at UW¬–Milwaukee’s School of 
Architecture & Urban Planning. The workshop brought Cambridge-based landscape designer Fionn 
Byrne of Harvard University and Buffalo-based architect and academic Joyce Hwang of SUNY 
Buffalo to UW-Milwaukee to explore adaptive reuse ideas with elective seminar students over 
a four-day design charrette. The goal of the 9-hour design charrette was to imagine potential 
design projects that reconsider spaces and situations that might not necessarily be seen as 
opportunities for design. Students were encouraged to discover these lost opportunities and to 
develop design ideas that confront the contemporary ecological conditions of the Kinnickinnic 
River Corridor through creative means. Design proposals incorporated wildlife habitats, responded 
to social inequities and questioned the ethics of proposed and projected design interventions. 
Drawings, models and collages registered traces of inhabitation, projected programs, interrogated 
infrastructures and forecasted fanciful but feasible futures.

BRAUS, MICHAEL

Spatiotemporal Dynamics of the Bacterial Microbiota on Lacustrine Cladophora 
glomerata (Chlorophyta)

Michael J. Braus, University of Wisconsin-Madison

The branched periphytic green alga Cladophora glomerata, often abundant in nearshore waters 
of lakes and rivers worldwide, has sometimes been perceived as a threat. Large littoral biomasses 
may form mats that wash up on shores, and human pathogenic bacteria have been detected in 
such shoreline algal drift. On the other hand, freshwater Cladophora plays important ecosystem 
roles, some mediated by epibiotic microbiota that benefit from host-provided surface, organic C, 
and O2. Previous microscopy and high throughput sequencing studies have indicated surprising 
epibiont taxonomic and functional diversity, but have not included adequate consideration of 
sample replication or the potential for spatial and temporal variation. Here we report the results of 
16S rRNA amplicon-based phylum-to-genus taxonomic analysis of Cladophora-associated bacterial 
epibiota sampled in replicate from three microsites and at six times during the open-water season 

offering clear connections between their daily lives and future choices and the environmental 
outcomes that they desire.
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The use of models to predict and manage nearshore water quality in Lake Michigan
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Numerous studies have highlighted the changes in community structure that have occurred 
in the nearshore zone of Lake Michigan and other Great Lakes over the past two decades.  
These changes include the establishment of non-indigenous quagga mussels, the extirpation of 
indigenous fish species by the invasive round goby, and the proliferation of nuisance algae that has 
had negative consequences for tourism, recreation, property values, human health, and industry.  
The proliferation of quagga mussels in particular appears to have had a number of significant 
effects.  Direct effects include clarification of the water column, grazing of plankton, and recycling 
of nutrients.  However, there remains uncertainty about how these effects ultimately may alter 
critical ecosystem processes at the whole-lake scale, such as plankton production, nuisance algal 
production, and food web dynamics.

To address these questions, we used a long-term set of measurements of physical, chemical 
and biological conditions in the nearshore zone of Lake Michigan to calibrate and test a 
nearshore ecosystem model.  The model quantifies the influence of quagga mussels on carbon 
and phosphorus dynamics and nuisance Cladophora growth in Lake Michigan.  Nearshore 
hydrodynamics and nearshore-offshore exchange are addressed using empirical hydrodynamic 
data as well as high-resolution hydrodynamic simulations.  Model simulations reveal several main 
findings: 1) Benthic algae (Cladophora) can continue to grow at nuisance levels when nearshore 
total phosphorus concentrations are below the target concentration set through the Great Lakes 
Water Quality Agreement (7 ug/L);  2) A large fraction of the phosphorus used to support nuisance 
algal growth is provided by quagga mussel excretion;  3) Much of the phosphorus that is excreted 
by mussels is derived through grazing of plankton that are advected to the nearshore zone from 
the offshore zone;  4) In the absence of quagga mussels, nuisance algal biomass would be less 
than one third of what it is in the presence of quagga mussels;  5) While reductions in riverine 
phosphorus loading may lead to reductions in Cladophora growth rate, this effect may be offset 
to some extent by the increase in water clarity (and hence, light availability) that is likely to 
accompany phosphorus load reductions.

Using stable isotope data, we show that the changes in nutrient and energy dynamics within 
the nearshore zone are affecting the lake’s food web structure.  Filter feeding by mussels in the 
offshore waters has reduced food supply for the pelagic fish community.  However, this loss is 
partially offset by the high rates of algal production in the nearshore zone, which appear to be 
benefitting some fish species.

The next step in our research will be to embed the nearshore model into a whole-lake ecosystem 
model.  This will allow us to predict the response of the nearshore zone to any future changes in 
climate, land use, and nutrient loads, and to determine the optimal phosphorus loading for Lake 
Michigan.
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Components of urban water system (after Grigg, 1986)
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Discretion to Divert
BRUGUERA, Sam, Tulane Institute on Water Resources Law and Policy
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Sediment diversions that aim to re-introduce the sediment of the Mississippi River into the 
Mississippi River Delta (“Delta”) are seen by many as a cost-effective method of strengthening 
and rebuilding the coastal land that is disappearing along the Louisiana coast. Sediment diversions 
are built to counteract the loss of freshwater and sediment input from the Mississippi River 
due to levee construction. The Louisiana Coastal Protection and Restoration Authority recently 
recommended moving two diversion projects, the Mid-Barataria & Mid-Breton diversion projects 
(“Sediment Diversion Projects”), to the engineering and design stage. Diverting sediment into the 
Delta, however, would entail the diversion of freshwater causing a decrease in salinity around 
the diversions. This decrease in salinity may impact the dolphin stocks in the area and thus could 
present issues under the Marine Mammal Protection Act (MMPA). My research explores the ways 
the Sediment Diversion Projects can continue under the MMPA. 

If the Sediment Diversion Projects constitute a taking of marine mammals, the state may be 
required to apply for authorization under the MMPA. This could take the form of a specific permit (a 
“Takings Permit”), or the Secretary of the Department of Commerce (through the NMFS) can allow, 
after notice and opportunity for comment, incidental taking if such taking will have a “negligible 
impact” on such species or stock (a “Regulatory Taking”). An exception to this requirement exists: 
a state or local government official or employee may take a marine mammal in the normal course 
of his duties as an official or employee if such taking is for the protection of the public health or 
welfare. Table 1 compares and contrasts the different statutory requirements that the state faces 
when seeking authorization for a taking. My research includes a more in-depth analysis of case law 
regarding the requirements and legal standards set forth in Table 1. 

The application for a Regulatory Taking is more vulnerable to APA challenges to the notice-
and-comment rulemaking procedure, the “least practicable adverse impact” requirement, the 
“small numbers” requirement, and the “best available scientific information” requirement. The 
Takings Permit is complicated by the requirement for special authorization for the taking of a 
young mammal. The difference between “no significant adverse impact” and “negligible impact” 
remains unclear; however, with an adequate record, the NMFS should have the discretion to make 
both of these findings. Therefore, due to the increased vulnerability to APA challenges under the 
requirements listed above, pursuing a Takings Permit for the Sediment Diversion Projects may be 

of 2014, from the same lake locale (Picnic Point, Lake Mendota, Dane Co., WI, USA) explored by 
high throughput sequencing studies in two previous years. Statistical methods were used to test 
null hypotheses that the bacterial community: 1) is homogeneous across microsites tested, and 2) 
does not change over the course of a growth season or among successive years. Results indicated 
a dynamic microbial community that is more strongly influenced by sampling day during the 
growth season than by microsite variation. A surprising diversity of bacterial genera known to be 
associated with the key function of methane-oxidation (methanotrophy)–including relatively high-
abundance of Crenothrix, Methylomonas, and Methylocaldum–showed intra-seasonal and inter-
annual variability possibly related to temperature differences, and microsite preferences possibly 
related to variation in methane abundance. By contrast, a core assemblage of bacterial genera 
seems to persist over a growth season and from year-to-year, possibly transmitted by a persistent 
attached host resting stage. This and previous high-throughput molecular sequencing studies of 
freshwater Cladophora have not revealed substantial threats in the form of human pathogens. In 
fact, by sequestering large quantities of phosphorus within large degradation-resistant cells, and 
by fostering epibiotia that play important biogeochemical roles, Cladophora growths are probably 
more helpful than harmful. 

BRAVO, HECTOR

Brief SWOT (Strengths, weaknesses, opportunities and threats) analysis of urban water 
systems

Hector Bravo, University of Wisconsin-Milwaukee
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Reducing Nutrients through Riparian Buffers in the Raccoon River Watershed
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Agricultural intensification has led to increased crop outputs throughout the Midwest U.S. but 
also has contributed to environmental problems, including increased nutrient pollution, particularly 
nitrates, in surface waters.  A 2010 United States Geological Survey (USGS) study found that 
nitrates were above recommended levels in 64 percent of surface water and shallow groundwater 
monitoring wells throughout the United States (Spahr et al., 2010).  Schilling and Zhang (2004) 
report the Raccoon River Watershed (RRW), upstream of Des Moines, Iowa, has some of the 
highest nitrate levels in the continental U.S. (see Figure 1).  Nitrate pollution in the RRW forced Des 
Moines Water Works (DMWW), Des Moines’s drinking water utility, to build the world’s largest 
nitrate-removal facility to clean water from the Raccoon River (Hatfield et al., 2009).  Recently, 
DMWW pursued litigation against three upstream drainage districts in an attempt to recoup costs 
associated with removing nitrates.  The nitrate issue in the RRW continues to trouble farmers, 
environmentalists, and drinking water users.

Riparian buffers are trees, grass strips, or a combination of both placed along riparian corridors 
to serve multiple purposes.  Our analysis focuses on the use of these riparian buffers as a means 
of removing nitrates before they reach surface waters.  It is well documented that riparian buffers 
offer such nitrate-removal benefits (Schultz et al., 2004; Ryszkowski and Kedziora, 2007; Dougherty 
et al., 2009), but no study to our knowledge has determined where riparian buffer locations in the 
RRW can be prioritized to remove the most nitrates.  We use terrain analysis methods similar to 
Tomer et al. (2009) to prioritize riparian buffer placement to remove the most nitrates throughout 
the RRW.  

We further discuss and analyze how policy affects the situation in Des Moines and elsewhere 
throughout the U.S.  Currently, the United States Department of Agriculture (USDA) sponsors 
a suite of voluntary conservation programs, including the Conservation Reserve Program (CRP) 
and Environmental Quality Incentive Program (EQIP).  However, such voluntary programs can 
run cost-benefit deficits (Feather et al., 1999), and many historic studies recommend economic 
incentives rather than voluntary participation to improve environmental conditions (e.g., Harrington 
et al., 1985 and Libby, 1985).  Furthermore, the Clean Water Rule (Rule), the future of which is 
currently unknown, could have implications for farmers throughout the RRW.  The Rule states 
that agricultural waterways could be subject to classification as Waters of the United States Rule 
(WOTUS) if they pose a threat to a navigable or interstate water within “a significant nexus” (EPA 
2015 IV (G) (1)).  These various policies can make it difficult for farmers and other stakeholders to 
determine courses of action concerning agricultural runoff.

Using this policy discussion as a backdrop, we analyze the possibility of implementing 
Water-Quality Trading (WQT) within the RRW.  WQT calls for one party (in this case, DMWW) to 
financially sponsor environmental remediation (i.e., riparian buffers) on another party’s private 
land (the farmers in rural Iowa upstream of Des Moines).  We perform a cost-benefit analysis to 
determine whether WQT is preferable as a change in course over amendments to the standing 
policies listed above. These results provide decision makers with additional resources to achieve 
water quality goals put forth in the Raccoon River Watershed Water Quality Master Plan.

References

the best choice for the state, keeping in mind that the Sediment Diversion Projects may qualify 
for the governmental exception. The additional requirements of the enhancement permit may help 
convey the importance of and benefits to the Sediment Diversion Projects. 

The ecosystem is in flux; the coast will either continue to wash away, or it will be preserved 
by coastal restoration efforts. Before the 1994 amendments, the MMPA did not protect marine 
mammals from habitat degradation. Therefore the MMPA could not protect the marine mammals 
from sea-level rise, subsidence induced by wetland draining, levee construction, channelization, 
and development that are causing land loss, changes in vegetation, and increased salinity in 
wetlands such as Barataria Bay. The stocks of dolphins that could be affected by the sediment 
diversions may be newcomers to these habitats as a result of saltwater intrusion. Preserving the 
salinity for these stocks may lead to the collapse of the ecosystem of the bay and with it, the 
destruction of their sources of food and shelter. One can ask if the MMPA can permit harm to 
marine mammal habitat but prevent its restoration. The Sediment Diversion Projects provide an 
opportunity to rebuild a natural, independent ecosystem, and the NMFS likely has the discretion 
to allow the Sediment Diversion Projects under the MMPA if they can be supported by a strong 
record.  
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larvae were exposed to complex metal oxide LCO nanosheets at concentrations of 0.0001, 0.001, 
0.01, 0.1, 1 and 10 mg L-1.  While no lethally toxic impacts were observed, exposure resulted 
in reduced fecundity, although not on a dose-dependent basis.  Larvae exposed to 0.1, 1 and 
10 mg L-1 produced significantly fewer pupated offspring after progressing to the adult stage.  
Transgenerational impacts were implicated after the fecundity of the unexposed generation was 
evaluated.  Two distinct responses were observed: unexposed offspring either exhibited similar 
levels of fecundity as their exposed parents when compared with control, or they experienced 
significant increases.  

DOW, BRENNAN

Assessment and Mapping of the Milwaukee Estuary Habitat
Brennan Dow, John Janssen

With minimal habitat management, the Milwaukee Harbor has developed a diverse fishery for 
a seasonal variety of both warm water game species, such as black basses, as well as salmonid 
species. Milwaukee Harbor’s brown trout fishery is world class, with the IGFA catch and release 
world record coming from the harbor in 2011. When Milwaukee was founded its estuary was a 
significant source of both commerce and recreational activity. Subsequent industrial development 
greatly diminished the fishery, but in response to the Clean Water Act and redevelopment efforts, 
new opportunities exist for a truly functional estuary – one in which industry, ecological services 
and human activities co-exist in a novel ecosystem. Currently, landscape architects focus on the 
shoreline of the estuary; but to plan fish habitat improvement using an ecosystem approach, 
managers need to know what is underwater.

Recent studies have looked at fish populations and the physical features of the Milwaukee 
Harbor, but there is minimal information on where fishes are spawning and where there is enough 
forage for sustained populations. This lack of knowledge limits our ability to develop effective 
harbor habitat or fishery plans and forces us to protect or develop new habitat in piecemeal 
fashion, limiting the effectiveness of any project. Therefore, the Harbor needs to function and 
be managed as a unit with internal biological connectivity, fostering connectivity between Lake 
Michigan and its tributaries. Our assessment focuses on surveying the substrate, submerged 
vegetation, invertebrate forage, larval fish distribution and spawning habitat of Milwaukee’s 
diverse fishery.

Preliminary data includes roughly 66 km of shoreline mapped with sidescan sonar, totaling to 
1.77x106 m2 of seven different benthic substrate categories throughout the Milwaukee Estuary 
area. Fine (64.86%), rocky boulder (10.80%), rocky fine (10.81%), and wood/steel piling(s) (9.65%) 
were the most prevalent substrate classes. Weighted rake surveys recorded seven different 
macrophyte species throughout the harbor with the most dominant being Eurasian Watermilfoil 
(Myriophyllum spicatum), Elodea (Elodea canadensis), and Clasping Pondweed (Potamogeton 
perfoliatus). Fish spawning surveys found centrarchids to be utilizing different substrates and 
areas in the harbor from the beginning of May until the end of August. Unfortunately, the regions 
between these locations are limited by habitat availability and are referred to as ‘biological desert 
zones.’ Recommendations are still being developed for creating a better interconnected harbor to 
increase productivity through the entire system. The final product of this project will be a layered 
map that fills knowledge gaps to provide stakeholders crucial information about the harbor habitat. 
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Abstract
Due to its highly tractable, fully-mapped genome, high percentage of homologous disease 

genes to humans, and a short life cycle of approximately 10 days, Drosophila melanogaster is 
utilized as a model organism for examining potential toxic effects of exposure to lithium cobalt 
oxide (LCO) nanosheets.  Existing investigations of the potential impacts of nanoparticles on D. 
melanogaster have largely focused on model or simple nanomaterials and have commonly exposed 
larvae to nanoparticles via mixture with food media, which introduces additional variables that 
may affect outcomes.  The current work is the first to examine the impacts of complex metal 
oxide next-generation battery materials, utilizing a novel minimal media exposure method in 
which D. melanogaster embryos hatch directly into aqueous treatment media consisting of only 
nanoparticles and moderately hard water.  D. melanogaster embryos and resulting 1st instar 
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 Figure 3: Porous material layer deposited onto the membrane

The Plain Membrane and Membrane Version 1 were stretched to failure to develop mechanical 
profile (Figure 4).                       

Figure 4. Mechanical profile of the membrane

Results
Results indicate that porous material layer on Membrane Version 1 improved membrane’s 

mechanical profile. The membrane exhibited a 2% increase in elongation compared to a plain 
membrane shown in Figure 5.

Figure 5: Stress Strain Curve
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Evaluation of Influence of Deposition of a Porous Material Layer on Mechanical 
Properties of a Filtration Membrane by using a Tissue Tester 
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Introduction
One of the most common water technologies used to produce high-quality clean water from 

unusable water sources in commercial and residential water filtration. Biofouling is a critical issue 
in membrane technology – for both water and wastewater treatment - as it can greatly impact 
the overall efficiency of the treatment processes. Biofouling is difficult to control, and significant 
economic resources have been dedicated to the development of effective biofouling monitoring 
and control strategies. Deposition of a zeolite layer onto RO membrane does reduce biofouling 
issues as zeolite is known for its anti-biofouling properties. However, there is need for investigation 
whether the tensile strength of the RO membrane will change with this modification. In this study, 
we will utilize a tissue tester for evaluation of the tensile strength of the membranes. Tissue 
Testing equipment has historically been applied in the medical and biological fields of research. 
This project seeks to explore how the technology can be applied to membranes for water filtration. 
If successful, it can bring advantages over traditional Tensio-meters as Analysis software allows 
images to be analyzed, to be identified and quantify Strain non-uniformities and regional property 
variations. A mechanical profile will be developed for a control (unmodified) Membranes and 
Modified Membrane: Zeolite coated RO Membrane. Expected outcomes of this project include a 
comprehensive study of mechanical properties of both unmodified and zeolite coated membrane.

The Tissue Testing equipment shown in Figure 1 has historically been applied in the medical and 
biological fields of research.

Figure1: Tissue Tester

This project seeks to explore how the technology can be applied to assess mechanical properties 
of membranes for water filtration.

 
Methodology: Deposition of a Porous Material Layer of Membrane 

Porous material was mixed into a slurry, and deposited onto a membrane as shown in Figure 
3. This represents Membrane Version 1. The membrane was dried, and put into Tissue Testing 
machine. 
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purification methods.

Figure 1 Bright field TEM images from macro-drop of potable water from city public health department 
dried on ultrathin carbon film.  Nano-agglomerates and isolated nanoparticles coexist in same samples.  
Agglomerates dominate the contrast (left) and isolated particles are easier to detect when agglomerates 
are removed by enlarging the inset area (right). Scale bar is 500 nm.

Figure 2. TEM images of naturally occurring nanoparticles suspended in liquid made with 10% HILEM 
IL1000TM and 90% potable water, mixed by sonication (left) and hand (right).  Scale bar is 200nm.
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Environmental nanoscience requires analysis provided by high-energy electrons, but the vacuum 
needed for these electrons poses challenges when the nanomaterials are suspended in liquid.  
International attention is focused on fresh water resources and many questions are posed about 
the safety of potable water with increasing interest in the presence of nanoparticles in the water 
supply.  It is important to develop Transmission Electron Microscopy (TEM) methods, both in-situ 
and ex-situ, that can answer questions such as: Do nanoparticles exist in detectable quantities in 
potable freshwater? What are their characteristics in terms of morphology, size, crystal structure, 
composition? Are they related to nanoparticles that may be occurring naturally, or through man-
made emissions, in the lake source of the potable water? Are they dangerous?  Our pioneering 
studies are providing images of environmental nanoparticles in potable water and teasing out their 
relationship to nanoparticles in lake water. 

Our ex-situ approach for probing these questions is to dry macroscopic or microscopic drops of 
drinking water on electron-transparent foils, such as amorphous C, Si and SiN used in this work, 
allowing all of the traditional characterizations with amplitude and phase contracts imaging, nano 
and selected-area electron diffraction and x-ray energy dispersive spectroscopy.  Our winning 
in-situ approach is to image potable liquid water intermixed with an ionic liquid by Hitachi.  This 
paper will summarize the ex-situ results and present recent successes with ionic liquid in-situ 
experiments in providing a platform to understand nanoparticles in drinking water.

Ex-Situ TEM of Dried Macro-Drops of Potable Water: Figure 1shows typical amplitude contrast 
TEM image of a dried macro-drop of potable freshwater collected from the Milwaukee Public 
Health Department and deposited on an ultrathin carbon film.  The image contrast is dominated 
by agglomerated nanoparticles.  Individually dispersed nanoparticles are also present in the same 
image and become more obvious in an enlarged view (right) of the dashed area from the original 
image.  There are many areas on the TEM sample where it is not possible to see any nanoparticles, 
as would be expected for clear water that is devoid of nano-impurities.  Nevertheless, searching 
over multiple grid bars always yields detectable nanoparticles that are absent from bare ultrathin 
carbon films.  This is the drinking water that is tested daily by the Public Health Department with 
a large battery of mandated and experimental tests, but none of the tests are designed to search 
for nanoparticles and to measure their characteristics.  Showing that nanoparticles are present in 
detectable quantities calls for development of monitoring and quantification methods. 

Ex-Situ TEM of Potable Water with Ionic Liquid: Ionic liquids (IL) are salts with high melting 
points that are liquid at room temperature. Hitachi’s HILEM IL1000TM is an organic salt that is 
designed specifically for life-sciences electron microscopy where it’s increased solubility, high ionic 
conductivity, and non-toxic characteristics allow preservation of delicate samples in their natural 
forms. Recently we showed that this ionic liquid can withstand large doses of 300keV electrons 
used in physical microscopy and can be used as a platform for in-situ studies of liquid drinking 
water.  Figure 2 shows that nanoparticles can be imaged in liquid potable water.  Both isolated 
(left) and agglomerated nanoparticles (right) are present in all samples, but the proportion changes 
based on the liquid mixing method.  The fact that agglomeration can be observed in the liquid 
state proves that this morphology it is not an artefact of the water drying process.  These findings 
can have profound implications for studies of current water systems and for future water nano-
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An Amenities and Performance-Based Approach to Green Infrastructure
Goodwin, Cassie, SmithGroupJJR; Rogers, Tom, SmithGroupJJR

Cassie Goodwin, PE, LEED AP BD+C, ENV-SP, cassie.goodwin@smithgroupjjr.com

Tom Rogers, PLA, tom.rogers@smithgroupjjr.com

The need to manage stormwater as part of large, complex, interconnected, and often aging 
urban infrastructure systems is forcing us to change the way we approach city planning and design. 
There is an increasing demand to improve water quality (from a federal, state and local level), as 
well as a corresponding growing demand for integrated natural spaces within communities and 
districts. This idea of a double duty landscape places greater demands and expectations on land 
and water resources within regions where access to open space and clean water is a precious 
amenity. This is particularly true in dense city centers where cities are actively redeveloping their 
urban cores. We are at a critical juncture where cities need to make active choices to strategically 
employ green infrastructure as part of a multi-faceted approach to increase livability and economic 
vitality. 

SmithGroupJJR is actively engaged in a Great Lakes Cities Initiative, a research platform to 
address critical issues related to urban centers within the Great Lakes Watershed. These issues 
include the resilience, adaptability, health, and ecological balance within the region. It is within 
this framework that our team is exploring and implementing a metric-based data driven approach 
to city and regional scale green infrastructure planning. 

As innovators, engineers, designers, and planners we understand the challenges that cities, 
developers and institutions face in order to maximize value and meet their critical infrastructure 
needs. We believe implementing well designed green infrastructure maximizes benefits from 
a holistic perspective, including ecologically, socially, economically, and from a public health 
standpoint.

This presentation will discuss some approaches that address new water quality permitting 
requirements associated with Total Maximum Daily Loads (TMDLs) through innovative, 
performance-based landscapes and green infrastructure. We will share both site specific and 
district-scale green infrastructure strategies that help collectively achieve more stringent permit 
requirements while also providing ecosystem services and open space amenities. 

We will use case studies to demonstrate ways that this double-duty landscape approach can 
meet stricter regulations while creating amenities for the community. One case study example will 
include the first-ever University of Wisconsin-Madison Green Infrastructure Master Plan. Other 
case studies will describe the economic advantages of green infrastructure, such as increased land 
values for redevelopment projects.

HAEHLE, CHAD

Partitioning and Distribution of Total Mercury in the Lower Green Bay
HAEHLE, Chad, UWM Technology Accelerator (WaTA), SILVA, Marcia R., UWM Technology  

 Accelerator (WaTA); LECUS, Alice, UWM Technology Accelerator (WaTA); GARMAN, David,  
 UWM Technology Accelerator (WaTA).

Corresponding author: Marcia R. Silva, msilva@uwm.edu

Located within the Fox-Wolf River Basin Watershed in northeastern Wisconsin is the Lower 
Fox River and Green Bay.  Within this reach of the watershed, former mercury discharge from the 
substantial industrial waste has left water quality and sediment contaminated at toxic levels.  

Shallow groundwater aquifers are an important drinking, agricultural, and industrial water 
source. Microorganisms play a key role in groundwater biogeochemical reactions influencing 
water quality and the drinking water treatment processes needed to maintain potable water. Three 
aquifer wells within the same groundwater system are located near the Fox River in Waukesha, WI, 
which receives effluent from an upstream wastewater treatment plant (WWTP). Previous research 
indicates two wells experience infiltration of river water with accompanying nutrients and human 
waste-associated compounds. The third well, which is furthest from the Fox River, seemingly is 
not receiving river water infiltration. It is not clear whether or how river water infiltration will alter 
the microbial community and thus potential nutrient speciation and/or flux in these drinking water 
wells. To address this question, during the summer of 2017, we collected water samples from 
the two contaminated wells and one pristine well on ten occasions. We filtered 2-3 L of water 
through a 3 um, 0.2 um, and 0.1 um pore-size inline filtration system. A preliminary analysis was 
performed on a subset of samples from the 0.2 um and 0.1 um filters from all three wells. Microbial 
concentrations appear roughly equivalent among the wells, with mean concentrations around 10^5 
cells per mL of water. We also conducted a preliminary bacterial community composition analysis 
with 16S rRNA gene sequencing (illumina Mi-Seq). Community sequencing results indicate the 
wells contain predominantly unknown taxa as well as taxa typical of groundwater communities 
such as denitrifiers, iron oxidizers, and sulfide oxidizers, and these communities differ greatly 
from those present in the WWTP effluent and Fox River. We are currently working to characterize 
the microbial community composition and active microbial community from all of our samples to 
identify patterns related to river water infiltration. 

GONDA, JENNIFER

Lead Service Lines and the Challenges of Aging Water Infrastructure
Like most large, underground infrastructure systems, the Milwaukee water distribution system 

is aging and in need of significant investment. With nearly 2,000 miles of distribution water mains, 
19,862 hydrants, 49,859 valves and 169,815 property services our staff wages a constant battle 
against the effects of time and nature.

Understanding the baseline condition of our infrastructure is the first step. The second step 
is conditioning our staff to how their behaviors and decision making “in the moment” affect the 
condition of our system both in the present and in the future. Lastly, we have to make decisions 
about how to finance and implement our distribution maintenance and capital programs that meet 
as many utility goals as possible.

At Milwaukee Water Works, we are shifting from a reactive, maintenance focused approach 
to one that analyzes data and tries to predict how our investments will improve future outcomes. 
Within this approach, we are also working toward a model that better assesses risk to our 
customers – both for public health and for water reliability for our customers.

Developing and implementing a model to identify and replace at least 75,000 active service 
lines made of lead is one example of how we are implementing a more risk-based approach. Not 
only can we design this program to improve the long-term health prospects for our residents, but 
we can design it in such a way to reduce water outages and address non-revenue water loss.  
This presentation will illustrate how we are working to implement this large scale new program 
in a way that will have the greatest impact on the health of our residents and of our system 
concurrently.

GOODWIN, CASSIE
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Eleven tributaries were studied in which the Fox River was determined to have the highest mean 
total mercury concentration.  Levels of unfiltered total mercury concentrations ranged from 1.8 
to 182 ppt.  Levels of total mercury in suspended particulates ranged from 0.26 to 4.2 ppm.  
Comparing the results from the LMMB project and the results found in the Lower Green Bay, 
the sediment samples from the Lower Fox River have a much higher concentration of 4.2 ppm 
compared to 0.46 ppm.  However, the opposite occurs when comparing the pore water samples 
where the maximum concentration for the Fox River is 182 ppt compared to the 664 ppt for the bay.  

Additional data in 1993 reveals sediment concentrations near the DePere Dam at a high of 
7.4 ppm.  In 1995, the DePere dam was found to have an average sediment concentration of 0.97 
ppm.  In 1999, the mean concentration was 1.151 ppm.  Each study reveals a higher mercury 
concentration in the sediment than what was found in Green Bay.  This potentially proves that the 
remedial dredging is removing the toxic sediment successfully.  As for pore water, in 1988, samples 
measured 30 km into the bay were less than 12 ppt.  In 1990, pore water concentrations near the 
DePere dam were reported at 60 ppt.  In both studies, 13 or more of the 20 sites samples in the bay 
have a higher concentration. Potential increases of total mercury pore water concentrations point 
to resuspension, from either dredging, currents, erosion, or recreational activities, that disturbs the 
sediment allowing a transfer of total mercury from particle to water as it travels from river to bay.
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1. Introduction
Lead-containing materials that include lead pipes, fittings, solder, and fixtures are widely present 

in drinking water infrastructure in North America and Europe. Their internal corrosion provides the 
most significant source of lead in drinking water. To comply with disinfection byproduct regulations, 
many utilities have chosen to use chloramines rather than free chlorine as disinfectant residuals 
in drinking water distribution systems. However, the switch may expose the systems to another 
health risk, increased concentration of lead [1, 2].

Phosphate compounds are often used in drinking water utilities to control pipe corrosion 
and prevent lead release, because they are effective, affordable, and non-toxic. Phosphate may 
limit lead release by forming low solubility lead (II) phosphate precipitates [3]. Both Chicago 
and Milwaukee drinking water utilities currently add phosphate compounds to control lead 

Under the 1987 Great Lakes Water Quality Agreement, the lower Green Bay and Fox River estuary 
has been labeled an Area of Concern due to these toxic pollutants.  Since 1988, remedial actions 
have been implemented including dredging of the Lower Fox River from DePere to Green Bay, 
where historical total mercury concentrations have been highest.  This study determines the 
concentration, partitioning, and distribution of total mercury in the Lower Green Bay region from 20 
surficial sediment samples extracted throughout the Lower Green Bay.  The samples analyzed from 
the bay will help determine the extent of which the pollutants have spread from the Fox River.

Figure 1. (a) Total Mercury (mg/kg) comparison for the Solid Matrix at each Green Bay sampling site. (b) 
Total Mercury (ng/L) comparison for the Pore Water at each Green Bay sampling site.

Sediment and pore water samples for total mercury were measured using cold vapor atomic 
fluorescence spectroscopy (CVAFS) based on US EPA Method 1631.  The instrument detection limits 
are 0.2 ng L-1 to 400 ng L-1 for a 25 mL sample.  Figure 1 shows the concentration of total mercury 
in (a) sediment and (b) pore water.  This reveals higher concentrations in the sediment compared 
to the pore water.  This is expected and attributed to mercury’s high affinity for depositing onto 
particles.  

The total mercury concentrations for sediment at each site ranges from 0.0203 to 0.4600 ppm, 
with a mean of 0.1695 ppm.  For pore water samples, the range is 6.4 to 664 ppt, with a mean of 
175.1 ppt.  Using ArcGIS, these values were used to interpolate a distribution of the solid matrix 
and pore water.  Figure 2 depicts both the sediment (a) and pore water (b) total mercury distribution 
and reveals spatial variation between the sites.

Figure 2 (a) Lower Green Bay Mercury II concentration (mg/kg) distribution for the Solid Matrix.  (b) Lower 
Green Bay Mercury II concentration (ng/L) distribution for Pore Water.

By looking over the data acquired from the samples in the Lower Green Bay, the effectiveness 
of the AOC remediation may be determined.  To do so, historical data must be compared with the 
samples to determine if mercury concentrations have been decreasing over time.  The largest study 
to date occurred in 1994 by the Environmental Protection Agency (EPA).  The agency assessed 
mercury inputs into Lake Michigan as a part of the Lake Michigan Mass Balance (LMMB) project.  
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Figure 1. Average total lead concentration after 48 hours of stagnation with the use of free chlorine and 
mono-chloramine as disinfectants. 
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UWM- School of Freshwater Sciences Remote Monitoring
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The School of Freshwater Sciences (SFS) operates environmental monitoring buoys in Lake 
Michigan as part of the Great Lakes Observing System (GLOS).  Two monitoring buoys are located 
off Milwaukee WI and one is located in south-central Green Bay.  Green Bay monitoring is 
conducted in collaboration with the Fox-Wolf Watershed Alliance (FWWA) and affiliated partners.  
Additional environmental monitoring of Lake Michigan is conducted in collaboration with the 
Lake Express high speed ferry as well as the North Shore Water Commission.  SFS also conducts 
environmental research and monitoring in collaboration with the US National Park Service at 
Sleeping Bear Dunes National Lakeshore and the Apostle Islands National Lakeshore.  Currently a 
new environmental buoy with benthic station is being tested at the Sleeping Bear Dunes research 
site in Good Harbor Bay Lake Michigan just offshore of Sleeping Bear Dunes.

These monitoring programs produce a variety of data including over-lake weather 
measurements, wave height, current speed and direction, and water quality measurements such as 
temperature, conductivity, oxygen concentration, carbon dioxide concentration, pH and chlorophyll 
concentration.  Real-time imaging has also been integrated into two buoys and a bottom station, 
publicly accessible over the web, it provides a unique view of the Lake that few people get to see.

release, with a concentration of 1.0 and 1.9 – 2.3 mg/L as PO4, respectively. However, addition of 
phosphate inhibitors may enhance the biological activity in drinking water distribution systems. 
Moreover, the presence of phosphate in tap water can significantly increase the burden for 
subsequent treatment of phosphate-containing wastewater and the associated residuals.

2. Research Objectives:
In this project, the overall objective was to systematically investigate the capability of a 

variety of phosphate-free inorganic inhibitors in minimizing lead release from aged metallic lead 
materials under conditions relevant to Chicago and Milwaukee drinking water distribution. The 
specific objectives of this work were to:  (1) identify the optimum inorganic inhibitor formulations 
and concentrations; and (2) determine the impact of disinfectant type on the performance of the 
inorganic inhibitors.  

3. Research Methods:
Three classes of phosphate-free inorganic compounds were selected as potential corrosion 

inhibitors, including: (1) metal sulfates: SnSO4 (2 mg/L as Sn) and ZnSO4 (2 or 4 mg/L as Zn), (2) 
sodium oxyanions: Na2SiO3, Na2Si3O7 (20 mg/L as SiO2), and Na2B4O7 (5 mg/L as BO3), and 
(3) pH adjusting agents: NaOH (pH = 8.5 or 9.2). The effectiveness of the six inorganic inhibitor 
formulations in mitigating lead release from aged lead coupons were systematically evaluated by 
using aged lead coupons in 500-mL batch reactors with synthetic tap water at ambient temperature 
(20 ± 1 oC). 

4. Results and Discussion:
4.1 Performance of Inhibitors:

Total lead concentrations after 48 hours of stagnation were first determined with the use of 
different inhibitor formulations in the presence of free chlorine as the disinfectant (Figure 1). 
Two sets of control experiments were also conducted, including inhibitor-free (i.e., blank) and 
phosphate-only experiments. Compared to the inhibitor-free experiments, addition of 1.4 mg/L as 
PO4 phosphate significantly reduced total lead release, which is consistent with previous studies 
suggesting that phosphate is an effective corrosion inhibitor [3, 4].  For the six phosphate-free 
approaches, adjustment of pH to 9.2 exhibited the best performance that it reduced lead release 
to levels similar of those with phosphate addition. SnSO4 showed some level of inhibition for 
lead release, but it also required more time to passivate the lead corrosion scales [4]. Addition 
of silicates increased the alkalinity of the solution, and thus effectively reduced lead release in a 
relatively short-term, if the solution pH was not fixed at 7.7 (data not shown). For experiments with 
a fixed pH of 7.7, silicates addition has a minimal impact on lead release. 

4.2 Effect of Disinfectant
Disinfectant was switched from free chlorine (1 mg/L as Cl2) to mono-chloramine (2 mg/L as 

Cl2) after 10 weeks of the experiments. As shown in Figure 1, switching free chlorine to mono-
chloramine increased lead release, especially in blank and SnSO4. However, pH adjusting agent 
(pH 9.2) could effectively inhibit lead release in the presence of mono-chloramine as well as in the 
presence of free chlorine. 
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predators, while also creating nursery habitat for the juveniles of nearshore resident gamefish.  
However, details learned from scuba operations are very pertinent to future designs.  For example, 
had the Lake Michigan water level stayed at its near historic low point there would be no caves 
above the cobble at the GBW.  By day these caves sheltered rock bass, juvenile yellow perch 
and largemouth bass, and rainbow and brown trout juveniles.  Without the caves they would 
have had access to the cobble-based forage only via boulder shelters at the sides of the GBW.  A 
better design might be to create more cavity heterogeneity by having shorter sections of cobble 
alternating with bare boulders.

In cursory explorations we have seen abundant Hemimysis at other boulder breakwalls and 
the diversity of these breakwalls may form a “natural experiment” for helping  design breakwall 
repairs and new breakwalls.  We think that Hemimysis is an unavoidable invasive species, probably 
occupying a “vacant niche” and could provide an ecological service with proper management of its 
predators.  In this context, it is worth noting that the native mysid is a major prey for both alewife 
and rainbow smelt when they are offshore from mid-autumn to mid-spring.  What has emerged is 
a spatiotemporal “mysid continuity” from deep water to shallow water with likely impacts on the 
distribution of their salmonid predators.

KADJESKI, MEREDITH

Distribution of macroinvertebrate assemblages of irrigation ditches and streams in 
western Montana, in relation to physiochemical characteristics
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In recent decades, the relationships between environmental conditions and community 
structures of stream macroinvertebrates have been investigated in many parts of the world. It 
is well recognized that assemblage structure changes with alterations in catchment or local 
land use. Despite the large distribution of irrigation canals flowing through thousands of acres 
of agricultural land, aquatic macroinvertebrate community composition and diversity are largely 
unstudied in western Montana. We evaluated the relative importance of multiple physiochemical 
parameters that influence the ecology of benthic macroinvertebrate communities and the 
richness of Ephemeroptera, Plecoptera, and Trichoptera (EPT) assemblages in thirteen reaches 
of agricultural ditches and thirteen streams on the Flathead Indian Reservation. Univariate and 
multivariate metrics were used to assess changes in assemblage composition associated with 
agricultural land use. The results indicated increased pollution and decreased richness and 
diversity in agricultural areas. The physiochemical variables selected by multiple regression 
models contributed significantly to variation in EPT taxon richness. Analysis of variance revealed 
significant relationships between macroinvertebrate communities in ditch and stream sites. The 
finding that catchment land use may result if macrohabitat differences and, ultimately, differences 
in taxonomic composition between agricultural and natural streams can be used to optimize future 
bioassessment on macroinvertebrates.

KEENAN, MARCELLA BONDIE

The RainReady Approach: Linking Municipalities and Residents to Manage Urban 
Flooding with Distributed Green and Grey Infrastructure

Marcella Bondie Keenan and Anna Wolf

Center for Neighborhood Technology

The overall objective of this GLOS effort is to increase Lake Michigan observing capacity, which 
will lead to improved wave forecasting, over-lake weather forecasting, and circulation modeling.  
The monitoring systems also provide data for the validation and improvement of air quality (ozone) 
forecast models, monitoring of long-term changes in nearshore water quality, and water quality 
decision support tools for managers at the municipal, state and federal levels.

JANSSEN, JOHN

Variations on Boulder Breakwalls as Novel Ecosystems
The US Army Corps of Engineers (USACE) is mandated to maintain and repair aging breakwall 

structures in all commercial ports on the Great Lakes. In May of 2014, the construction of 
Milwaukee Harbor USACE “green” breakwall (GBW) reconciliation created complex rocky aquatic 
habitat by depositing cobble-sized stone over standard 6-10 ton boulders, thus creating “control” 
(boulder) and “treatment” (cobble) habitats.  Both sections are about 150 m long with a depth at 
base of about 7 m.  In the original design of the GBW the cobble was to be an “inlay” at a depth of 
1-3m, but the cobble proved to be unstable and quickly slid down the underlying boulders covering 
them with a veneer a few cobble thick.  A rapid rise in Lake Michigan water level after the GBW 
was constructed created an unexpected situation in which the shallowest section consisted of the 
basal boulders with numerous “caves” between the boulders.  The combination of higher water 
levels and slippage of the cobble created an ecosystem different than was intended, and perhaps 
more viable.

Both the control and GBW became home to a prolific population of Hemimysis anomala, the 
introduced Ponto-Caspian mysid, which is significantly more abundant on cobble versus boulders 
(p<0.05, using a novel trap for Hemimysis).  Hemimysis is ecologically different from the native 
mysis, Mysis diluviana in that the native species is restricted to cold water and is a nocturnal 
vertical migrator.  At least some congeners of Hemimysis are cave dwellers; Hemimysis anolama 
appears to share this habit.  The diel behavior consisted of emergence from crevices and caves 
at dusk and apparent grazing of the filamentous algae adorning the boulders and cobble.  By 
September Hemimysis formed shoals inside and outside of the caves and was abundant enough 
that the shoal was nearly continuous for the GBW.  

Fish and forage communities were sampled in 2015 and 2016 using a combination of 
experimental and micromesh gill nets, day and night scuba diving surveys, and a novel Hemimysis 
trap we developed. This nearshore lithophilic mysid appears to provide a significant new seasonal 
food resource in the Milwaukee Harbor for pelagic prey fishes during spawning migrations and 
upwelling events. 

Alewife (Alosa pseudoharengus) and rainbow smelt (Osmerus mordax) fed heavily on 
Hemimysis with some individuals consuming hundreds of mysids. Night scuba diving surveys 
and gill netting confirmed that rainbow smelt preferred to forage on the cobble section (p<0.05), 
and also consumed more Hemimysis there than they did at the control breakwall site (p<0.05). 
Hemimysis were also the primary food item consumed by nearshore game fishes such as young 
of year yellow perch (Perca flavescens), young of year largemouth bass (Micropterus salmoides), 
and juvenile rock bass (Ambloplites rupestris) caught on the GBW.  The invasive round goby was 
abundant at both the GBW and control sections, but rarely consumed Hemimysis, presumably due 
to oral morphological constraints related to having a grasping mouth rather than one designed for 
attacking an evasive swimming prey such as Hemimysis.

We suggest that the construction of the GBW has aided the productivity of this benthopelagic 
macroinvertebrate to create a novel ecosystem benefiting both transient forage fish and their 
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between anthropogenic contaminants and the function and structure of benthic microbial 
communities, we measured a suite of 15 pharmaceutical residues (using polar organic chemical 
integrative samplers) and compared the occurrence of these chemicals to the activity (respiration 
rates), taxonomic composition (assessed via high-throughput amplicon sequencing), and functional 
potential (based on metagenomic sequencing) of resident benthic bacterial communities from 
streams along a gradient of suburban to urban land use in Baltimore, MD. These sites span a 
range of nutrient concentrations and inputs of untreated human sewage from leaking sewage 
infrastructure. We detected pharmaceuticals including analgesics, stimulants, antihistamines, and 
antibiotics, with the highest concentrations occurring at the most urban site. Benthic bacterial 
abundance was similar at all sites, but the highest respiration rates and the lowest bacterial 
diversity were found at the most urban site, suggesting that anthropogenic contaminants may 
be selecting for resistant microbial communities at the urban sites. To assess this hypothesis 
we exposed biofilm communities in these streams to the common drugs caffeine, cimetidine, 
ciprofloxacin and diphenhydramine using in-situ contaminant exposure substrates.  Respiration 
rates in the least urban stream were suppressed when exposed to these drugs, but biofilm 
functioning in the most urban stream was resistant to drug exposure. Furthermore, exposure to 
the antibiotic ciprofloxacin altered bacterial community composition at all sites, with the greatest 
changes occurring in the most urban stream. These results indicate that continuous exposure to 
drugs in urban streams may select for sub-populations of highly resistant bacteria that maintain 
community function in response to urban contaminants.

KLUMP, VAL

Our Generation’s Responsibility:  Restoration of the Great Lakes and an International 
Decade of Great Lakes Research and Exploration 

KLUMP, J. Val, University of Wisconsin-Milwaukee, School of Freshwater Sciences

The Laurentian Great Lakes and their watersheds are the single most important asset to a region 
that hosts the 3rd largest economy in the world, with $5.8T in GDP representing ~ 28% of the 
combined U.S. and Canadian economic activity.  The Great Lakes Restoration Initiative (GLRI) arose 
out of the understanding that, despite their size, the Great Lakes are surprisingly fragile and that 
human activities have placed enormous stress on many of the basic ecosystem services that these 
lakes provide to our economy and to our overall health and well-being.  

Great Lakes Restoration by 2040:
What has been accomplished to date by the GLRI is remarkable.  An investment of about $1.8B 

USD has supported nearly 3500 projects since 2010.  It is important to note, however, that by any 
measure, this represents only a down payment on the restoration task at hand.  The state of the 
lakes today has been a long time in the making.  Deterioration of this ecosystem has a legacy going 
back well over a century.  Restoration will not be a quick fix.  It is essential, therefore, to commit to 
transitioning the GLRI from a renewable sun-setting program to a permanent ongoing program.  At 
a minimum, the United States and Canada should develop an International Great Lakes Restoration 
Program (IGLRP) that realistically matches the binational federal investment to the magnitude of 
the problems and challenges faced, and commit to complete restoration, sustained protection 
and economic sustainability of the lakes with a known target date for attaining this goal.  In their 
report, Austin et al (2007) conservatively estimated that infrastructure investments of >$25B will 
be required to accomplish this.  Given that 10 years have elapsed since the Austin et al. report and 
several years of GLRI experience have been gained, revisiting these conclusions would be useful, 
but the price tag is not likely to have decreased. Furthermore, even when the lakes are restored, 
annual investments will be required to prevent a recurrence of deterioration in the condition of the 

Chicago, Illinois

Flooding is costliest natural disaster in the U.S., and it is increasingly occurring in built up 
environments outside of FEMA-mapped floodplains. “Urban flooding” occurs when precipitation 
overwhelms local urban drainage systems, which is strongly correlated with poorly maintained 
or undersized sewer infrastructure, and insufficient permeable surfaces to allow for onsite 
stormwater infiltration. Unlike riverine and coastal flooding, urban flooding can be highly localized. 
Site characteristics such as grading, sewer elevations, and neighborhood depressional areas can 
determine whether one building floods and an adjacent building does not. Homeowners typically 
experience urban flooding in one or more ways: 1) sewage backing up through basement plumbing; 
2) overland sheet flow through basement or at grade windows and doors; and 3) groundwater 
seeping through building foundations, as a result of high groundwater table and hydrostatic 
pressure. 

Given these challenges, urban flooding may be best addressed through a residential assistance 
program that emphasizes distributed infrastructure, community engagement and homeowner 
education. Distributed infrastructure can improve community flood resilience by removing some of 
the burden on traditional centralized stormwater infrastructure through site-level building retrofits 
that include both “grey” (e.g., backwater prevention valves on sewer lateral lines) and “green” 
(e.g., rain gardens) solutions. Effective community engagement and homeowner education can 
reduce the burden on the municipality in the long-term, by encouraging behavioral changes that 
mitigate flooding impacts.

This paper presents case studies of two residential assistance programs, each aimed at 
mitigating localized urban flooding. The two programs differed in approach to community outreach 
and financing, which created dissimilar outcomes for: 1) flood risk analysis and mitigation; 2) 
program participation; and 3) distributed stormwater infrastructure. Residential flood mitigation 
programs may designed in a number of ways, as illustrated by the case studies. However, 
effective programs should: 1) integrate resident knowledge into the risk assessment process; 
2) prioritize resident goals in the mitigation scope; 3) weigh program requirements against 
participation goals; and 4) incentivize measures that provide community-wide resilience benefits. 
By following principles of good program design, flood mitigation programs can engage residents 
in a wider-ranging resiliency effort that adds capacity to municipal infrastructure, leverages 
private investment through cost-sharing and maintenance agreements, and enhances disaster 
preparedness for the entire community.
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BENTHIC MICROBIAL COMMUNITIES IN URBAN STREAMS ARE IMPACTED BY 
ANTROPOGENIC CONTAMINANTS LINKED TO SEWAGE INFRASTRUCTURE
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Urban streams contain a wide variety of anthropogenic contaminants, including industrial 
chemicals, pesticides, pharmaceuticals, and personal care products. Many of these contaminants 
interact with aquatic organisms and can significantly affect the ecology of freshwater ecosystems. 
Benthic microbial communities are key components of freshwater ecosystems because they are 
the base of the food web and are key drivers of biogeochemical cycling. To explore the relationship 



39 40

Exploration.  

When it comes to fresh water, economist and entrepreneur Paul Hawken was right on the money 
when he wrote,  “At present we are stealing the future, selling it in the present and calling it 
gross domestic product. We can just as easily have an economy that is based on healing the future 
instead of stealing it. We can either create assets for the future or take the assets of the future. 
One is called restoration and the other exploitation.”

Austin, J.C., S. Anderson, P.N. Courant, and R.E. Litan. 2007.  America’s North Coast:  A Benefit-
Cost Analysis of a Program to Protect and Restore the Great Lakes.  The Brookings Institution. 
September 2007. 83 pp.

Sterner, R.W., P. Ostrom, N.E. Ostrom, J,V. Klump, A.D. Steinman, E.A. Dreelin, M.J. Vander Zanden 
and A.T. Fisk. 2017.  Grand challenges for research in the Laurentian Great Lakes.  Limnol. 
Oceanogr. DOI: 10.1002/lno.10585.
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The U.S. Government authorized a study to analyze the direct cost of metallic corrosion. This 
study was initiated by the National Association of Corrosion Engineers (NACE) and mandated by 
the U.S. Congress in 1999 as part of the Transportation Equity Act for the 21st Century (TEA-21). 
The study was titled “Corrosion Costs and Preventive Strategies in the United States”. The results 
were a massive $276 billion/year. This is the equivalent of $876/person/year. In the 15 years that 
have passed since the study was released, inflation has driven both the direct and indirect costs of 
corrosion over $500 billion annually, totaling over $1 trillion in 2013 and rising to $1.1 trillion by the 
end of 2016.

According to the AWWA there are 876,000 miles of pipeline to transmit water. External 
corrosion is a major factor in the failure of these systems. Besides the billions of dollars spent on 
actual repair, there is road traffic and service interruption.

 

Once the leak is located the repair process begins. The water service must be turned off. 
The road must be shut down. The pipeline is excavated and the failed section is removed. A 

lakes, i.e. to avoid the cost of restoration in the future and avoid the mistakes of the past.  

The recommendation to set a target of 2040 to restore the Great Lakes ecosystem elevates 
two important concepts in the public discourse:  1) restoration (i.e. the “fix”) will need to be a long 
term commitment by our region, and 2) the financial resources committed must be commensurate 
with the scale of the effort required.  However, the benefits of doing so will have economic returns 
on investment that will accrue almost immediately in many instances, but more importantly will 
ensure and enhance the economic vitality of the region in the long term.  Furthermore these costs 
are reasonable and clearly within the capacity of the region to afford.

Science in Support of Restoration:  International Decade of Great Lakes Research and 
Exploration

There is a strong consensus within the Great Lakes research community that support for 
scientific research has not kept pace with the need for fundamental, process-oriented investigation 
and exploration, and that consequently we lack basic information and the understanding needed to 
forecast change, mitigate impacts and restore and preserve the Laurentian Great Lakes ecosystem 
(Sterner et al. 2017).  Where we do have information, it is often fragmentary and of uncertain 
relevance beyond a specific situation.

Further, new pressures are affecting the region, including climate change, novel chemical 
pollutants, and urbanization, rapidly evolving agricultural practices and land uses, and invasive 
alien species. At the same time, there is a demand to increase water taking in the basin including 
removal of groundwater. In many cases there is little or no science to guide us in the policy 
decisions required to parse the problems posed by these new pressures.

We recommend the institution of an “International Decade of Great Lakes Research and 
Exploration” that complements and leads restoration with the science necessary to ensure 
restoration dollars are spent with the greatest return on investment, and to ensure that the 
restoration actions implemented will be lasting and will stand up to new pressures on the 
ecosystem, both those anticipated and those unknown.  Such a research agenda, while basic in 
concept, is entirely applied in nature, and oriented to improving management based upon improved 
understanding.  

This recommendation calls for a new research initiative with new dollars, distinct from 
monitoring and existing state and federal programs.  The research should be aimed at 
understanding fundamental processes, forecasting future conditions, projecting the response 
of the system to change, and synthesizing research for decision makers.  The level of funding 
should commensurate with the scale and complexity of the ecosystem, but no less than ~5% of 
the amount designated for restoration should be placed in a research account ($15-20M annually) 
managed by a standalone binational authority, with an additional amount ($5-10M annually) for 
research infrastructure capacity improvements and human resource development (scholarships, 
fellowships, traineeships, etc.).  

Resources for an IDGLRE: 
Some 40 million people live in the Great Lakes basin.  Nearly 30 million rely on the lakes directly 

for drinking water, yet receive this water absolutely free.  The “cost” to the ecosystem for providing 
this unique benefit to us may be difficult to estimate in economic terms, but it most certainly is not 
zero.  Unfortunately, this cost, whatever it may be, is not being paid and consequently we are not 
fulfilling our obligation to pay our way to ensure that these lakes are sustained as a resource for 
future generations.  The proposal put forward here is to develop a de minimis surcharge on water 
use, the proceeds of which would fund the ecological, technological and policy research at a level 
commensurate with the scope of the challenges in restoring and sustaining the Great Lakes, and 
which would support a binational effort for  International Decade of Great Lakes Research and 
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consumption comes from drinking water. In addition to drinking water, children can be exposed 
to lead in paint, dust, soil, air, and food. Infants who consume mostly mixed formula can receive 
40 percent to 60 percent of their exposure to lead from drinking water. Although most of the 
current focus has been directed at lead service lines (laterals), there are other sources of lead 
contamination in public water supplies. These include premise (building) plumbing pipes and pipe 
scale, solder, plumbing fixtures, and source water. Lead service line replacement (LSLR), a common 
policy response to the issue in cities across the country, does not address these other sources of 
lead or other contaminants of concern in public water supplies, including disinfection byproducts 
and a host of regulated and unregulated contaminants. In addition, since LSLR at a citywide scale 
takes time (decades in some cases), lead exposure may continue during the replacement period. 
The American Water Works Association (AWWA) has estimated that there are approximately 6.1 
million lead service lines in the US serving roughly 7% of the population. AWWA has estimated 
that replacing the lead service lines will cost at least $30 billion nationwide.

There are other methods of mitigating lead and other contaminants in water supplies. In 
the 2017 spring semester, a UWM SFS topics course focused on evaluating five alternative 
solutions across a range of metrics, with the goal of providing a high-level “first cut” analysis of 
the alternatives. The analysis can inform public supply water policy through its examination of 
alternatives and the tradeoffs among them. The alternatives evaluated included chemical corrosion 
control (current practice at many utilities), lead service line replacement, service line lining, bottled 
water, and point of use filtration. While bottled water is currently prohibited by the USEPA as a 
method for public water utilities to comply with the lead and copper limits on an ongoing basis, 
bottled water comprises a significant portion (>10%) of overall per capita water consumption in the 
U.S. Point-of-use filtration (POU) is another option widely adopted by consumers, though its share is 
more difficult to measure. A USEPA white paper from 2016 mentions POU as a potential option for 
water utilities to meet the lead and copper standards, provided that the POU system is managed by 
the public water utility.  

The five alternatives were evaluated across a range of metrics:

• Lead Remediation
• Other Water Quality/Health Aspects
• Aesthetic Factors
• Practices & Policy Responses
• Life Cycle Costs & Benefits
• Feasibility
• Public Perception
• Consumer Convenience
• Conformance with Regulation & Standards
 

It is highly likely that the public water supplies of the future will employ a range of novel strategies 
to address both public health and consumer preferences, driven by a new level of public awareness 
of water quality issues and market alternatives. Public supplies in “water-centric” cities might 
consist of a mix of centralized and decentralized infrastructure and policy to provide the highest 
level of water quality demanded by 21st century consumers. Our research presents a number 
of possible approaches to address current and future public water issues, along with a range of 
metrics that deserve consideration by policy makers.  

 
Selected Abstract References:
ASCE. (2017). Infrastructure Report Card. Retrieved May 9, 2017, from http://www.

infrastructurereportcard.org/state-item/wis

new section is installed and connected to the original system. The system is backfilled and the 
pavement is repaired.  The entire process can cost anywhere from $5,000 to $25,000 or more not 
counting loss of potable water. 

Cathodic protection is the preferred method to mitigate corrosion on a metallic pipeline. In the 
gas and oil industry, pipelines are required by federal guidelines to use cathodic protection. This 
is due to the fact that, unlike water, gas and oil leaks are much more dangerous and can have a 
significant environmental impact. 

The science of cathodic protection tells us that higher energy materials (anodes) will sacrifice 
themselves to lower energy materials (cathodes). This means that when a new section of pipe 
ties into the original system, the older piping will treat the new section as an anode. This will 
accelerate corrosion on the new pipe thereby shortening its life.

Systems that are designed with a quality coating system can have a NACE cathodic protection 
system included for as little as 1% to 2% of the overall construction. While designing a system to 
meet NACE criteria for the entire system is the ideal situation it is normally cost prohibitive for an 
existing system due to excavation costs. Whenever a repair needs to be made the excavation is 
mandatory, therefore the great majority of work and expense are already invested in the repair. 

“Mother Nature” is the best engineer. It has indicated that the corroded pipe is in a highly 
corrosive area or “hot spot”. After repair, the environment is still corrosive, but the new section of 
pipe will be treated as an anode by the existing system. Corrosion on the new section of pipe will 
be accelerated.

A simple and inexpensive solution is to attach a magnesium anode to the replacement pipe. This 
can be done via cadwelding which will minimize labor. The cost of the pre-packaged anode plus 
cadwelding material would be approximately $150 and take less than ½ hour to install. So as not 
to delay construction and any road closures, the municipality would maintain a small quantity of 
anodes and cadwelding materials.

While the single anode may not meet complete NACE criteria, it has addressed the acceleration 
of corrosion in this area. The end result is that repaired sections will have the life expectancy 
increased 10 to 15 years for what most consider “petty cash”.

KORT, WILLIAM

Public Water Supply - Lead and Other Issues 
Authors: William E. Kort*; Nevenka Lutzow Bralic; Chad E. Mitchell; Sebastian M. Paczuski; John  

 S. Schafer Jr.; Michael J. Carvan

*corresponding author: wkort@uwm.edu

Leading water experts consider minimizing lead in drinking water to be the most important 
current topic in water in the U.S. Additionally, the Lead and Copper Rule is considered by many 
water professionals to be the most complex and technical aspect of drinking water policy. The 
water crisis in Flint, Michigan has sparked a national media focus on drinking water quality. 
National water policy leaders, eager to ensure customers that this will never happen again, have 
expended renewed energy into promoting reinvestment in our aging drinking water infrastructure, 
improving public confidence in the safety of tap water, and reforming the federal rules for lead in 
drinking water.  In 2016, the City of Milwaukee convened a Water Quality Task Force to address 
lead and other issues in the city’s public water supply.

The United States Environmental Protection Agency (EPA) estimates 10-20% of human lead 
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that can be regenerated, has high capacity and in simulated conditions in the laboratory meets 
the stringent conditions required for use in the natural environment.  We have also shown that 
the material can be recycled in excess of 10 times with not less than 85% capacity.  The resultant 
phosphorus effluent can be recycled as a slow release fertilizer using conventional precipitation 
methods.

The simulated pollutograph in Fig. 1 shows the effectiveness of the filter material from a 
laboratory research setting. 

The flows represent runoff from agricultural tile drains that are typically caused by floods or 
storms with heavy amounts of rain.

Figure 1 - 10 gram filter material test with influent phosphorus concentration of 2.29 ppm

The efficiency of capture is 92.64% overall that on a scalable basis equates to a flow rate of 1.56 
mL/min and is equivalent to an area of  384 cm2 with a rainfall/runoff component of 0.3, 2.5cm/hr 
rain intensity, and peak flowrate of 4.8 mL/min (LMNO Engineering, Research, and Software, Ltd., 
2015).

Assuming this simulated rain lasted for four hours of a day, the net export reduction is 1.98 g/
(ha*day) of phosphorus. This is significantly large to natural phosphorus export conditions for an 
agricultural region (Ardón, Montanari, Morse, & D., 2010).

The materials will be produced in 10kg batches with an estimated production capacity of 30 kg/
day.  

We have been funded to begin testing phosphorus capture under natural agricultural conditions 
with tile drainage extending this to the filters to farms with varying soil types, crop conditions, 
irrigation regimes and drainage designs.  The project will work with drainage authorities, farmers 
and agricultural resource suppliers to demonstrate phosphorus-adsorption capabilities to purify 
water and replenish soil and to recycle the phosphorus in a sustainable ecosystem services model.  
A comparable urban stormwater recycling project is awaiting final approval. 
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Sustainable water management in both rural and urban areas requires hydraulic and water 
quality balances that resemble a natural landscape. 

The limitations to achieving this lie in the ability to retain water and sediment on the site and 
to capture nutrients.  While advances in water retention in urban areas using green infrastructure 
and land tillage have improved the aspects nutrient capture and recycling have not advanced at the 
same rate.

Existing materials for nutrient capture are low capacity, not easily recycled or release the 
nutrients under adverse conditions such anoxic or anaerobic conditions. 

The materials need to be low cost in terms of effective capture per unit mass as well as stable 
under all conditions.

Functionalization of stable low-cost materials with the appropriate nanoparticles potentially 
could provide the properties that will meet the wide range of conditions required to achieve the 
nutrient capture conditions for sustainable management.

We report the functionalization of a natural zeolite with metal oxides to capture phosphorus 
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Lead coupons immersed in (a) stagnant water samples, and (b) stirred water samples from two-
stage RO filter; (c) water samples from five-stage RO filter; (d) water samples from seven-stage RO 
filter
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NEWAGE – A System to Protect Freshwater, Manage Stormwater, and Reclaim 
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Water resource recovery facilities (WRRFs) play a key role in protecting our water systems and 
public health. WRRFs produce clean water that returns to the freshwater system. WRRFs also 
recover energy and various resources from used water to increase local community sustainability. 
However, contaminants of emerging concern (i.e. micropollutants, such as pharmaceuticals and 
antimicrobials) in wastewater and wastewater biosolids (i.e. the solid residue produced during 
wastewater treatment) are not readily removed by most conventional treatment processes. 
Micropollutants can lead to potential adverse ecological and environmental impacts such as 
possible aquatic life population decline. In particular, public concerns over land application 
of wastewater biosolids due to the potential environmental threat of micropollutants (e.g. 
micropollutants back to fresh water) hampers the agricultural value of biosolids. In addition to 
further reducing pollutants in wastewater and wastewater biosolids, technologies are needed to 
enhance onsite energy generation, to improve stormwater management, and to maximize recovery 
of resources including nutrients according to the emerging Food, Energy, Water (FEW) nexus and 
Nutrients, Energy, Water (NEW) nexus. 
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Reverse Osmosis (RO) filters are gaining popularity in domestic water supply system to meet 
the increasing demand for pure and improved drinking water. The focus of this research was on 
the corrosive effect of the permeate water on the leaching of lead metal pipes and the leaching of 
organic carbon from common plastic plumbing materials. Three commercially available RO filters 
with varying treatment stages—two, five and seven, were chosen for the tests. As the number 
of treatment stages increased, the pH, conductivity, hardness and alkalinity of the finished water 
were better balanced. The results show that the two-stage filter had the highest corrosion effect 
among the three filters with a lead corrosion rate of 0.382 mpy, followed by the five-stage filter 
with a corrosion rate of 0.064 mpy, and the seven-stage filter had the least corrosion rate of 
0.007 mpy. From the migration test, it was found that the PEX and PVC pipes were more prone to 
organic carbon leaching as compared with the CPVC pipes. The two-stage filter showed the highest 
extraction of organic compounds, and the seven-stage filter showed the least. In all the samples, 
including the control, the initial TOC leaching during the first three-day period was higher than the 
subsequent leaching periods of three days. 

Keywords
Reverse Osmosis, Lead Corrosion, Total Organic Content
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In response to potential unsustainable groundwater use, Wisconsin’s Groundwater Protection 
Act, 2003 Wisconsin Act 310 [4], expanded the state’s authority to consider environmental impacts 
of high capacity wells and instituted a framework for addressing water quantity issues in specific 
areas of the state that have exceeded 150 feet of drawdown from predevelopment conditions. Two 
Groundwater Management Areas (GMAs) were formed, one in southeastern Wisconsin and the 
other in northeastern Wisconsin. The Northeast GMA contains two major cones of depression in 
the confined sandstone aquifer, with each cone centered near major industrialized cities. A northern 
cone occurs in central Brown County near Green Bay and De Pere, while a distinct second cone 
formed near the Fox Cities (Kimberly, Kaukauna, and Little Chute). This presentation outlines the 
history of aquifer drawdown and recovery, as well as the evolution of management of these water 
systems during this period. Additional details are available in Luczaj et al. [2].

Initial hydraulic heads in the confined aquifer exceeded ground level by nearly 30 m (100 feet), 
and flowing artesian wells were common. Development during the late 19th and early 20th century 
resulted in rapid drawdown. In central Brown County near Green Bay, changes in the development 
of groundwater and surface water resources during the past century have resulted in major cyclic 
changes to the potentiometric surface. On two occasions, roughly 50 years apart, reductions 
in groundwater withdrawals have resulted from the construction of pipelines drawing surface 
water from Lake Michigan. The first switch occurred in 1957 when Green Bay built a pipeline to 
Lake Michigan reducing daily withdrawals by 29 million liters. The most recent switch occurred 
during 2006 and 2007 when eight communities also switched to surface water in response to new 
radium regulations and long-term water quantity concerns. This more recent switch reduced daily 
withdrawals by approximately 46.37 million liters in central Brown County. In each case, rapid 
recovery of the potentiometric surface by as much as 70 m occurred in the northern of the two 
pumping cones. Some private and municipal wells have returned to flowing artesian conditions, 
especially on the northwest side of Green Bay. Although the northern portion of the GMA has 
returned to a sustainable condition, the portion with the southern cone of depression remains in a 
state of prolonged drawdown, with the cone gradually widening and deepening over time (Figure 
1). 

This case study illustrates two important conclusions regarding management of water systems. 
First, adequate long-term monitoring of aquifer water levels is a critical component necessary 
for risk management of water resources [2]. While many aquifers worldwide show accelerating 
rates of depletion [5], few aquifers have shown large-scale water level recovery due to improved 
management changes or alternative water supplies [2]. Second, aquifer drawdown and recovery 
are a function of the interplay between a society’s use of groundwater and its responses to 
resource sustainability issues. In the northeastern GMA, drawdown and recovery are not the 
whole story by themselves. While hydrogeologists and engineers play an important role in making 
recommendations, the reality is that locally elected officials are often responsible for such 
decisions, along with resolutions made by courts of law when disputes arise. 

Therefore, we propose NEWAGE (nutrient, energy, water for agriculture and green environment) 
as an innovative sustainable system to improve energy recovery, to minimize micropollutants, 
and to generate value-added products at WRRFs. The overarching goal of NEWAGE is to 
recover nutrients, energy, treated water, and a soil amendment, biochar, that contains less 
micropollutants for applications in agriculture and green infrastructure. Accordingly, we can better 
protect freshwater, manage stormwater, and reclaim used water to advance healthier and more 
sustainable communities.

NEWAGE includes several key components as numbered in Figure 1: (1) anaerobic membrane 
bioreactor treatment in place of activated sludge for energy recovery from wastewater, (2) ion 
exchange concentration and struvite precipitation for nutrient recovery, (3) biosolids autocatalytic 
pyrolysis for enhanced energy recovery, micropollutant removal, and biochar production, (4) 
anaerobic digestion of autocatalytic pyrolysis byproduct (i.e. catalyzed condensate) for energy 
recovery, (5) biochar and struvite usage for safe and improved food production in agriculture, and 
(6) water and nutrient retention for stormwater management in biochar-based green infrastructure. 
Key results from our lab will be presented on these components. The system will help build 
sustainable used water and green infrastructures along with food and energy security.

Figure 1. The conceptual diagram of NEWAGE system
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In Wisconsin, 800,000 private wells and an additional 11,000 high capacity wells serve industry, 
municipal, and agricultural purposes [1]. Groundwater sustainability has been a topic of concern 
in northeastern Wisconsin for over a century [2]. Development of groundwater resources in this 
area began during the 1880s and has continued to this day. Approximately 55% of the population 
in northeastern Wisconsin uses groundwater, with most surface water users limited to the larger 
municipalities in Brown, Winnebago, and Outagamie counties [3]. In these areas, much of the 
groundwater is supplied by a confined sandstone aquifer.
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Evaluating the effects of sewage and treated effluent is necessary to understand ecological 
dynamics of waters impacted by waste management facilities. The goals of this study were to 
1) define microbial community structure and key composition in wastewater influent and treated 
effluent, and 2) evaluate the use of key taxa as biological markers as tools to define the distribution 
of both untreated sewage and treated effluent (discharge) in receiving surface waters. 

A transect of six stations was sampled along a tributary and main stem tidal creek (St. Simons 
Island, GA) impacted by discharge from a single wastewater treatment plant (WWTP) as well as 
~20 septic systems within 1 km of the study sites (Fig. 1; Georgia Department of Public Health 
(GDPH), 2017). Surface water samples were collected for 7 months (August-November 2015 and 
April-June 2016) at 4 stations in the tributary creek (Dunbar Creek; DB1, DB2, DB3, DB4) and 2 
stations in the main stem tidal stream (Frederica River; FR1, FR2). Each month, a single grab sample 
of final effluent (prior to discharge) and post-clarification influent sample were collected from the 
WWTP on the same day of sampling of the creeks. All samples were processed for 16S rDNA-
based microbial community analysis and fecal coliform bacteria (mFC agar).

Figure 1. Map of Frederica River and 
Dunbar Creek, St. Simon, Georgia, USA. 
Sampling sites DB1, DB2, DB3, DB4, FR1, 
and FR2 indicated by diamonds. Dunbar 
Creek WWTP indicated by star. Septic 
tank systems indicated by red circles 
(GDPH, 2017). Map generated using 
ArcGIS (ESRI) and Pixelmator Version 3.6 
Cordillera.

Phylogenetic similarity (weighted UniFrac distance matrix) for WWTP bacterial communities 
showed significant differences between influent and effluent (R=0.8150, p=0.011). Influent was 
consistently characterized by Firmicutes and Fusobacteria, which were not common (or absent) 
in treated effluent.  Although Bacteroidetes and Proteobacteria were also common in influent, 
families within these phyla were sometimes found in both influent and effluent. Phyla characteristic 
of treated effluent demonstrated variable abundance across the study period, suggesting seasonal 
shifts in this community; however, the Planctomycetes, Cyanobacteria, and Chlamydiae were 
consistently found in highest abundances. To examine how wastewater influent and effluent 
varied both temporally and spatially in the tidal creeks, we examined Chlamydiae as indicator for 
effluent and Firmicutes as an indicator of influent. Chlamydiae was chosen to identify effluent 
over Planctomycetes and Cyanobacteria because it has been observed in municipal drinking water 
facilities and shown to be abundant at times when anthropogenic pressure is increased on aquatic 
ecosystems. Tracking analysis indicated Firmicutes (Kruskal-Wallis, H=35.89, p=<0.0001) and 
Chlamydiae (Kruskal-Wallis, H=20.43, p=0.0023) varied temporally with higher Firmicutes (influent) 
during the month of November and higher Chlamydiae (effluent) during the months of November 
and April. Spatially, the relative abundance of Chlamydiae was highest at DB2 (at the point of the 
WWTP outfall) (Kruskal-Wallis, H=24.14, p=0.0002). However, the relative abundance of Firmicutes 

Figure 1. Maps of the potentiometric surface in the confined sandstone aquifer of the Northeast GMA. 
(a) Water levels during 2005, before the second transition by eight surrounding communities. (b) Water 
levels during 2014-2015, after the transition, illustrate the major recovery in the northern cone, but with 
continued drawdown in the southern cone. Maps from Luczaj et al. [2].
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Image Caption:
NASA Visible Earth, Great Lakes, 1999.    
Courtesy SeaWiFS Project, NASA/Goddard Space Flight Center and ORBIMAGE.   

was highest at DB1(Kruskal-Wallis, H=21.93, p=0.0005), which suggests that sewage signal may 
arise from conveyance systems (prone to infiltration and inflow) or nearby septic systems. 

Our results suggest that the use of 16S rDNA microbial community markers offers an improved 
method to track sewage and WWTP discharge separately in aquatic ecosystems. We report a novel 
approach that successfully identifies temporal and spatial variability in sewage contamination for 
a well-mixed tidal estuary. Results presented in this study are a case-study in the use of 16S rRNA 
taxa and future investigations are needed to validate 16S rRNA taxa as tools for management and 
monitoring.

LYSTER, CLARE

Third Coast Atlas: Prelude to a Plan (ACTAR 2017)
Daniel Ibañez, Clare Lyster, Charles Waldheim, Mason White

What is design’s role in addressing water infrastructure? In particular, how can the design 
community address the challenges (and opportunities) facing the future planning of water systems 
in urban areas as well as the re-urbanization of coastal settlements through new water economies? 
Clare Lyster will explore these questions and others from the perspective of the following recent 
publication, Third Coast Atlas: Prelude to a Plan (ACTAR 2017), that is co-edited by herself, Daniel 
Ibañez, Charles Waldheim and Mason White.

Abstract
Third Coast Atlas: Prelude to a Plan describes the conditions for urbanization across the Great 

Lakes region. It assembles a multi-layered, empirical description of urbanization processes 
within the drainage basins of the five Great Lakes and the Saint Lawrence River. This thick 
description encompasses a range of representational forms including maps, plans, diagrams, 
timelines, and photographs, as well as speculative design research projects and critical texts. 
Postponing diagnosis, let alone treatment of these conditions, Third Coast Atlas aspires to simply 
describe. It proposes a new geographic gestalt for urban analysis. Superimposed upon the North 
American continent, and with easily recognizable yet divergent political and geological borders, 
this megaregion traverses portions of eight U.S. states and two Canadian provinces, as well as 
the world’s largest collection of surficial fresh water. Third Coast Atlas characterizes the littoral 
edge as a distinct field of urbanization, and constructs a reading of the region both specific and 
speculative.

Daniel Ibañez is a practicing architect and urbanist, and founder and co-director of the design 
firm Margen-Lab. He is currently an instructor and doctor of design candidate at the Harvard GSD, 
editor of New Geographies, and researcher at the Urban Theory Lab. Ibañez’s research critically 
seeks to frame the design disciplines in relation to broader socio-ecological interdependencies 
through cross disciplinary research on the field of urban metabolism. Daniel is editor several book 
publications, including New Geographies, no. 6: Grounding Metabolism (HUP, 2014) and the Wood 
Urbanism: From Molecular to Territorial (forthcoming Actar, 2017). Also, since 2015, Daniel is editor 
at urbanNext. 

Clare Lyster is an architect, educator, and writer based in Chicago, Illinois, where she is 
associate professor at the University of Illinois at Chicago School of Architecture. She is principal 
of CLUAA, a research-based design office in Chicago operating at the intersection of architecture, 
landscape, and planning. In addition to her design practice, Lyster writes about architecture 
and urbanism from the perspective of contemporary theories in landscape, infrastructure, and 
globalization. She is author of Learning from Logistics: How Networks Change Cities (Birkhauser, 
2016); co-editor of 306090_09, Regarding Public Space (PA Press, 2005); and Envisioning the 
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to 300 °C. This weight loss at the temperature mentioned above is due to water molecules 
elimination. This results show the thermal stabilities of these materials in the mentioned 
temperature range. In FTIR spectra of the graphene based product coated porous material Si-O-Si 
peaks were clearly found in the spectra. Raman spectra of graphene based product coated porous 
material showed two typical characteristic peaks: G band at 1600 cm-1, which corresponds to 
disordered carbon, and D band at 1350 cm-1, which is attributed to structural defects that are 
presented in the carbon phase. 

Effect of adsorbent dosage on the removal efficiency
The lead concentrations on the adsorbent surface, qe, are shown in Figure 1(a). The highest qe 

was found in using 0.5 g of clean porous material.

Effect of solution temperature on the removal efficiency 
As shown in in Figure 1(b), temperature does not show a significant effect on removal efficiency 

of the adsorbent material. 

Effect of pH on the removal efficiency 
As it is clearly shown in Figure 1(c), the final concentration of Pb decreased drastically when the 

solution pH was increased from 2 to 10 in graphene coated porous material. The surface charge 
of graphene on pH levels of 2 is positive because of the protonation reaction. Pb2+ cations are 
difficult to adsorb on the positively charged surface of graphene due to electrostatic repulsion. 
On the other hand, due to the deprotonation reaction, the surface charge of graphene is negative 
at pH 10. Pb(OH)+ as the predominant species of Pb at basic pH levels can be combined with the 
deprotonated surface sites and sorption on graphene occurs.

Figure 1. (a) Effect of adsorbent dosage on adsorption capacity, (b) effect of solution temperature on final 
concentration, (c) Effect of solution pH on final concentration. 
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The adsorption behavior of natural porous materials for the heavy metals, specially lead, was 
studied to establish a baseline for the removal of heavy metals from drinking and waste water.  
Samples were examined under different conditions such as sorbent dosage, process temperature 
and solution pH. A new material with potentially enhanced adsorption properties was developed 
by functionalizing the surface of the natural porous material using graphene based products. The 
functionalized materials were characterized by thermogravimetric analysis (TGA) and Raman 
spectroscopy. Batch experiment has been used to assess the efficacy for the removal of lead with 
the sorption kinetics and the absorption isotherms being determined for the natural and treated 
porous materials. 

Key words: Porous materials, heavy metals, adsorption.

Experimental Methods 
Porous material functionalization
Graphene based products coating on the porous material

Oxygen containing functional groups have a critical role in a high adsorption of heavy metal ions. 
Graphene based products can introduce many oxygen containing functional groups such as -COOH, 
-C=O, and -OH on the surface of porous material [1-3]. Graphene based product’s suspension was 
mixed with porous material in and the mixture has been stirred for 3 hours. Next, the coated porous 
material was separated from the mixture and placed into the oven at 100 °C for 3 hours. 

Characterization
Thermo gravimetric analysis (TGA) was carried out using a TA Instrument (Shimadzu DTG-60AH). 

All the adsorbents were heated from 25 °C to 850 °C in nitrogen atmosphere. FTIR spectroscopy 
was used for functional group analysis of the adsorbent materials. FTIR spectra was recorded in 
the range of 4000 to 400 cm-1. Raman measurements of the natural and graphene based product 
coated porous material was carried out using a Horiba raman microscopy/spectroscopy instrument 
(Xplora Plus BX41TF).  

Equilibrium adsorption experiments for lead
Adsorption experiments have been conducted over a batch test using 100 mL of lead solution 

with an initial concentration of 560 ppb. To find the effect of adsorbent dosage on lead ion removal 
efficiency, three experiments were carried out with 0.50, 0.75 and 1.00 grams of adsorbent. To find 
the effect of solution temperature on lead ion removal efficiency, three experiments have been 
conducted at 4, 22 and 35 °C. solution pH has been set at level of 2, 4, 7 and 10 to study the effect 
of solution pH on lead ion removal efficiency. Also, to find the effect of contact time on lead ion 
removal efficiency, solutions were sampled at 3, 10, 30, 90, 180 and 240 minutes. 

Results and discussion 
Functionalization and Characterization of fabricated novel adsorbent

From the thermogravimetric analysis for clean and graphene based product coated porous 
material a nonsignificant weight loss (about 10%) was observed for these materials from 100 
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Figure 1 – P22 bacteriophage inactivation using different advanced UV treatments at a wavelength of 
255 nm.

Figure 2 – Kinetics of P22 bacteriophage inactivation showing the coefficient of specific lethality (cw) for 
the virus using UV only at wavelengths of 255, 265, and 285 nm.
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Effect of aquifer conditions on radium in the Cambrian-Ordovician aquifer
MATHEWS, Madeleine, University of Wisconsin-Madison; GOTKOWITZ, Madeline, Wisconsin  

 Geological and Natural History Survey; GINDER-VOGEL, Matthew, University of Wisconsin- 
 Madison
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Ingestion of radium (Ra), a naturally-occurring radioactive nuclide, results in cancer due to 
accumulation in bone tissue, where it continues to undergo radioactive decay.1 In drinking water, 
the United States Environmental Protection Agency (U.S. EPA) maximum contaminant level (MCL) is 
5 pCi/L for the combination of the two major isotopes, radium-226 (Ra226) and radium-228 (Ra228).2 
Ra226 and Ra228 are respectively produced by parent nuclides, uranium-238 (U238) and thorium-232 
(Th232), through radioactive decay.2 Potential aquifer sources of U238and Th232, and subsequent 
sources of Ra226 and Ra228, include coatings on sand grains and minerals within siltstone or shale.3 
Once ejected from the location of the parent nuclide by alpha decay, radium is quite mobile in 

treatment. Chemical Engineering Journal, 2010. 156(1): p. 11-24.

2. Munthali, M.W., et al., Proton Adsorption Selectivity of Zeolites in Aqueous Media: Effect of Si/
Al Ratio of Zeolites. Molecules, 2014. 19(12): p. 20468-20481.

3. Zhao, G., et al., Few-layered graphene oxide nanosheets as superior sorbents for heavy metal ion 
pollution management. Environmental science & technology, 2011. 45(24): p. 10454-10462.
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While UV treatments are effective in inactivating many types of bacteria and viruses, adenovirus 
is resistant to UV disinfection, necessitating high levels of energy input (fluence) to meet virus 
inactivation guidelines. Through the use of advanced ultraviolet (UV) treatments targeting the 
production of reactive radicals, the energy inputs needed for inactivation may decrease, which 
would increase the viability of these treatment processes in widespread municipal applications. 
The goal of the project was to test the viability of two novel UV-based advanced oxidation 
processes that are currently not well established for the treatment of waterborne contaminants. 
This project demonstrates that variable wavelength UV can be used in combination with waste 
slag and hydrogen peroxide, as well as riboflavin in order to inactivate bacteriophage P22, which 
is a surrogate for human enteric adenovirus. By combining UV light with waste slag and hydrogen 
peroxide, we hypothesize that reactive hydroxyl radicals are produced, therefore stimulating 
degradation of contaminants. This is a potentially sustainable option as the waste slag is a by-
product of steel production and would decrease the stress on nearby landfills and other waste 
reclamation sites. In the case of riboflavin, we hypothesize that addition of this benign chemical 
into the UV system will generate reactive singlet oxygen radicals that can aid in the inactivation of 
viruses. 

In this project, all treatments were performed at variable UV wavelengths (255, 265, and 
285 nm) and a range of energy inputs (fluence) in order to assess performance under different 
operating conditions.  The different wavelengths were tested using UV LEDs to demonstrate a 
more customizable and energy efficient means of UV irradiation. UV-only treatments were tested as 
comparisons against the UV/Waste Slag/H2O2 and UV/Riboflavin. 

Bacteriophage P22 was inactivated to a slightly greater extent in the UV/Waste Slag/H2O2 
system, whereas UV/Riboflavin did not improve virus inactivation. However, increasing UV 
wavelengths provided the greatest increase in inactivation of the bacteriophage. The effectiveness 
for treatment followed the trend: UV285 > UV265 >UV255, reaching as high as 5 logs of inactivation 
using 2 mJ/cm2 UV285 fluence. The coefficients of specific lethality were 0.0887, 0.6782, and 6.639 
cm2/mJ for UV285, UV265, UV255, respectively. Data from the UV255 tests are shown in Figure 1. The 
kinetics of UV inactivation of P22 are shown in Figure 2.
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solids, and elevated radium concentration in MW 19-1. It is also supported by the overall higher 
radium concentration in water from confined municipal wells likely due to the reducing nature of 
the Mt. Simon. However, aquifers are complex systems and the effect of sorption on dissolved 
radium concentration is likely only a partial explanation of the trends in Ra concentration. To better 
understand the extent of this control by iron and manganese solids, further solid-phase analysis by 
various X-ray spectroscopic techniques is being conducted on aquifer solids.

Figure 2.  Total radium 
activities in Madison, WI 
monitoring wells by 
hydrostratigraphic unit from 
the 2016-2017 sampling 
period.
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Quantifying human-associated indicator bacteria contamination in urban stormwater 
outfalls in metropolitan Milwaukee

MCADAMS, Alexis., University of Wisconsin-Milwaukee

aquatic systems.2 In natural aqueous systems, radium is only present as Ra (II) and does not 
undergo redox chemistry; however, radium can experience complexation and precipitation, as 
well as sorption to various solids including iron and manganese oxides.2 This study examines the 
impact of aquifer geochemistry on radium concentration in the Midwestern Cambrian-Ordovician 
sandstone aquifer by analysis of groundwater and aquifer solids.

Both new and archived water quality data are employed in this analysis. The data consists 
of radium isotopic data in the water quality dataset the Wisconsin DNR has maintained since 
the early 1980’s and additional samples collected in 2016-2017 from a monitoring well network 
in Madison, WI. Monitoring wells, each associated with a municipal well, are screened at a 
specific depth, allowing water to only enter from that particular area. Aqueous samples are 
analyzed for radium and parent radionuclide isotopic composition and are analyzed for major ion 
chemistry. Solid-phase elemental composition of aquifer solids from Madison municipal well 19 
and monitoring well 19-1 (MW 19-1) aquifer solids is determined by analysis with a portable X-ray 
fluorescence (pXRF) analyzer.

Figure 1. Total radium activity in 
confined (n = 48) and multi-aquifer 
municipal wells (n = 37) in Madison, WI 
from 2001-2015. Whiskers extend to 
±1.5 x Interquartile Range (IQR), where 
points represent outliers, >1.5 x IQR. 

The aquifer system in Madison is composed of two main sandstone aquifers, separated by 
the Eau Claire aquitard into an upper, oxic aquifer (Wonewoc), and a lower, anoxic aquifer (Mt. 
Simon). In the Mt. Simon, anoxic conditions result in increased solubility and mobility of iron 
and manganese due to the persistence of their more reduced redox state (Fe(II) and Mn(II)). The 
Madison Water Utility has two types of municipal wells: confined wells, cased below the Eau 
Claire aquitard, and multi-aquifer wells, cased above the Eau Claire aquitard. Confined wells 
contain, on average, 1.85 pCi/L more of total radium than multi-aquifer wells (Figure 1). Confined 
wells obtain water predominantly from the lower aquifer, while multi-aquifer wells generally 
obtain significant amounts of water from the upper aquifer. The monitoring well network displays a 
consistent average radium concentration range to the multi-aquifer wells, excluding two consistent 
outliers (Figure 2). One outlier, MW 19-1, is in the Wonewoc, while the other is in the Mt. Simon. 
Solid analysis on MW 19-1 found low levels of iron and manganese at the screen depth. The 
monitoring well located within a few feet of MW 19-1, MW 19-2, contained much lower than 4 
pCi/L radium, with higher concentrations of iron and manganese in aquifer solids at the screen 
depth of MW 19-2. The presence of iron and manganese solids, whether through oxidation 
processes or geologic formation, decreases dissolved radium concentration due to sorption. This is 
exemplified by the correlation of relatively low concentrations of iron and manganese in the aquifer 
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Municipal Separate Storm Sewer Systems (MS4s) are conveyance systems owned by a city, 
town, village, or other public entity that discharge runoff to waters of the US, and as such are 
regulated under National Pollutant Discharge Elimination System (NPDES). As part of the NPDES 
regulatory requirements in the State of Wisconsin, MS4s have to submit an annual report to 
the Wisconsin Department of Natural Resources (WDNR) documenting how they have reduced 
polluted stormwater runoff to the “maximum extent practicable” with Best Management Practices 
(BMPs). These practices must also address six minimum control measures outlined within NPDES 
that include public education and outreach, public involvement and participation, illicit discharge 
detection and elimination, construction site pollutant control, post-construction stormwater 
management, and pollution prevention. However, while all MS4s seek to reduce pollutants to 
the “maximum extent practicable” by addressing each of the control measures, in practice this 
looks different for each municipality and may be dependent upon a number of environmental, 
social, and economic factors. Understanding this difference in approaches is important as the 
MS4 remand rule was recently passed, requiring greater regulatory oversite of Phase II MS4s 
(those with populations less than 100,000). Increased oversight may require some MS4s to modify 
their approach to meeting NPDES requirements, and as such MS4 operators would benefit from 
knowledge of the variation in strategies or BMPs that can be applied to meet these requirements.

Therefore, this study seeks to define the strategies used for NPDES regulatory compliance 
within Southeast Wisconsin MS4s and attempt to explain the variation in adopted BMPs through 
environmental, social, and economic factors. The objectives to achieve this goal are (1) develop 
a database of MS4 compliance measures outlined within the NPDES permits submitted to the 
WDNR from the Southeast Wisconsin region, (2) determine what, if any, environmental, social, 
or economic variables explain the variance in BMP adoption across MS4s, and (3) use the results 
from 1 & 2 to identify underutilized BMPs and barriers to their adoption. Results from this analysis 
indicate that there is a significant degree of variability in the BMPs that MS4s use to address 
the six minimum control measures. In addition, the adoption of certain BMPs may be explained 
by socioeconomic variables such as median home value, educational attainment, population 
density, or budget expenditures. For example, results indicate that MS4s with lower median 
value of owner-occupied housing are more likely to use stormwater signage or inlet markings for 
meeting the minimum control measure of public education and outreach. This may suggest that 
stormwater signage or inlet markings are a low-cost practice for meeting public education and 
outreach requirements. This outcome, along with others, can help to guide MS4 operators who 
are developing stormwater management programs to meet increased regulatory oversight. In 
addition, these results are beneficial to regulatory agencies that seek to draft relevant and effective 
stormwater management policies, and to the public who benefit from effective stormwater 
management.

MCLELLAN, SANDRA

Climate, Water, and Health: The interface between urban waters and the natural 
environment  

Sandra L. McLellan, Deborah K. Dila, Shuchen Feng, Melinda J. Bootsma, 

School of Freshwater Sciences, University of Wisconsin-Milwaukee, Milwaukee, WI

Synopsis: Our work focuses on understanding how urban centers and densely populated areas 

Sewage contamination in urban waterways is a significant threat to public and environmental 
health. Until direct detection of pathogens is viable, fecal indicator bacteria counts are a fast and 
cost-effective way to roughly determine surface water quality. Quantitative polymerase chain 
reaction (qPCR) analysis further refines this strategy, and allows researchers to quantify populations 
of human-associated fecal bacteria such as human Bacteroides (HB) and Lachnospiraceae in 
sewage. Identifying microbial sources is more complicated than measuring general indicators 
such as E. coli or fecal coliforms that are easily cultured, but it is useful for determining the health 
risks associated with a given contamination source. Storm water conveyance systems in greater 
metropolitan Milwaukee are designed to collect storm runoff and discharge it untreated into one 
of three major river systems. qPCR analysis of river outfalls from 2009-2016 revealed widespread 
human sewage contamination. Investigation of the location, frequency and magnitude of outfall 
pollution can direct efforts to identify sources of fecal pollution in rivers and target infrastructure 
repairs. Continued study of human bacterial indicators in sewage contamination will refine total 
maximum daily load (TMDL) implementation plans and assist water managers in effectively 
protecting public health, recreational, and environmental resources.

MCDONALD, WALTER
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The overall sewage signal in the rivers and the Milwaukee estuary was quantified using 
alternative indicators.  ISCO samplers were deployed that collected high frequency samples over 
the course of several days.  The concentration and flow data was combined to calculate the flux 
and loads of sewage markers entering Lake Michigan.  In the Milwaukee River, which extends into 
agricultural land use, the ruminant signal dominated in after a 1-2 day lag, with a lower sewage 
signal during the initial sampling period (Figure 1).  The contribution of sewage increased in the 
estuary reflecting inputs from the highly urbanized Menomonee and KK rivers. 

Figure 1: Hydrograph (top) of three rivers 
and the estuary. Human and ruminant 
marker concentrations (determined by 
qPCR) in the estuary (middle) and 
Milwaukee River (bottom) demonstrate 
that sewage sources are present during 
the initial portion of the storm event and 
decrease as upstream inputs of agricultural 
runoff enter the estuary.

Conclusions: During storm events, multiple fecal pollution sources are seen in the estuary. 
To guide remediation, urban sources need to be tracked and pinpointed, and agriculture runoff 
from upstream needs to be managed. Novel alternative indicators can provide a higher resolution 
assessment of water quality and be useful for investigation of stormwater systems. Rain driven 
pollution expected to increase with climate change, especially in urban areas, and with limited 
resources, the most serious pollution sources that pose a human health risk sound be identified and 
prioritized for remediation.

MISKY, DAVE

Planning for a Water Centric City
The City of Milwaukee was built on three rivers and Lake Michigan. Over the decades, even with 

the loss of some breweries, tanneries, and foundries, water is still the vital element in transforming 
the City of Milwaukee from an industrial-heavy community to a sustainable, vibrant Water Centric 
City. From hundreds of housing units along the Milwaukee River to an eco-industrial business park 
along the Menomonee Canal known as Reed Street Yards, a City of Milwaukee Business Park, 
the City of Milwaukee has seen a great deal of redevelopment over the past 20 years along the 
three rivers and the bluffs along the lakefront. See how the City, along with the non-profit Harbor 
District, Inc., has been working with community stakeholders for the past two years in planning the 
transformation of the inner harbor from an area of underutilized or abandoned properties to an area 
of vibrant and productive waterfront that further defines our community as a Water Centric City.

MWANIKI, KWENDO

Bacteria Detecting Water Sensor
MWANIKI, Kwendo, UWM Water Technology Accelerator (WaTA); SILVA, Marcia R., UWM  

 Water Technology Accelerator (WaTA); RICE, David, Rice Technology; GARMAN, David, UWM  
 Water Technology Accelerator (WaTA)

influence water quality, in particularly in terms of pathogen occurrence. Urban rivers and coasts 
are impacted by stormwater washing off impervious surface, failing sanitary sewer infrastructure, 
and sewage overflows. These inputs contain a mixture of human and animal waste, making it 
hard to discern sewage contributions, which carry high levels of human pathogens, from other 
sources such as wildlife or pet waste, which are less likely to pose a health risk.  Further, climate 
change is expected to exacerbate pollution problems as the Great Lakes and northeast regions are 
predicted to have more frequent intense storms, particularly in spring when combined and sanitary 
sewage overflows are most likely to occur. Standard methods for assessing pathogens relies upon 
measuring fecal coliforms, E. coli or enterococci, all of which are present in both animals and 
humans, and therefore, detection offers no information as to the source. We have developed novel 
indicators that target human specific bacteria, including two indicators that are highly applicable 
to the urban area and employed these to track sources of pollution in stormwater, as well as 
the estuary to measure the sewage pulse entering Lake Michigan following storm events and 
sewage overflows. As cities turn toward urban waters as a focal point for recreation and economic 
development, it becomes more important to identify serious pollution sources and direct resource 
to remediate these concerns.  

Background: Fecal pollution is primarily introduced into waterways during rain events 
through stormwater runoff and sewage releases. Climate change is expected to bring about more 
frequent intense and large storm events in some areas of the country. In the urban environment, 
water resources may be particularly sensitive to these changes because of the large amount of 
impervious surfaces and complex sewer infrastructure. Many older cities in the northeast and 
around the Great Lakes have combined sewer systems, where stormwater runoff is collected in 
the same pipe system as sanitary waste. When it rains, these pipes can be inundated with water 
and will overflow into streams and rivers, releasing both stormwater and untreated sewage.  
Sewage overflows can occur in separated sewer systems if sanitary sewer pipes fill with rainwater.  
Untreated sewage can also enter waterways because of failing infrastructure; leaking sanitary 
sewer pipes can release sewage into the ground, where it migrates into stormwater systems and is 
washed out during rain events. Untreated sewage is a human health risk and is the main source of 
waterborne pathogens in the urban environment.  

Standard fecal bacteria indicators such as E. coli and enterococci have been used for more that 
50 years, with the most recent criteria for recreational waters in 2012. However, in the last 15 
years, researchers have employed molecular methods to detect certain fecal anaerobes, which 
are specifically associated with different host sources.  Human-associated Bacteroides has been 
widely used as a human fecal indicator, and our lab has previous reported that organisms from 
the family Lachnospiraceae is rich in potential indicator candidates.  Urban areas are particularly 
challenging to assess because of cross reactivity with pets and urban wildlife.  Here we describe 
two new indicators that are highly specific for humans and demonstrate how sewage inputs in 
urban areas can be tracked using alternative indicators.

Results: We used next generation sequencing of DNA extracted from 199 animal fecal and 
sewage samples to generate a nearly comprehensive inventory of organisms in these sources. The 
V6 region of the 16S rRNA gene was proved to distinguish sources better than the longer V4V5 
region.  Two marker sequences, designated Lachno3 and Lachno12 (based on their rank abundance 
in sewage), were chosen for qPCR assay development. Validation of these markers demonstrated 
that Lachno3 did not cross react with cats, dogs, raccoons, deer, pigs, cows or gulls.  Lachno12 
showed cross reactivity with some cows and pigs, but none of the urban sources.  Testing of 
stormwater samples that produced discrepant results with established human-associated assays 
could be interpreted as having contamination from nonhuman sources (raccoons and dogs) based 
on results from these new assays. 
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same graph. Three separate samples are tested, and a trend, if observed, is further analyzed 
through a regression model. The repeatability of the device is also tested, by running two sensors 
simultaneously in di-water 

Discussion & Conclusion:
Currently the device is being calibrated, by comparing generated readings of E.coli dilution 

factors to known counts of said dilution factors. A strong linear regression between the readings 
and the actual counts were observed. An equation to determine readings from counts was also 
found. More trials will create a reliable unit system for readings.  

Unlike most sensors this novel device measures how much bacteria is in a water sample, by 
generating readings in less than 10 seconds. It is a non-invasive technology that allows real-time 
measurement of contamination in water, including bacteria. And is it also a low cost technology, 
capable of being cost effective to potential third parties

 
References:
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Impacts of wastewater contaminant metformin on the reproductive system of fathead 
minnows (Pimephales promelas)

NIEMUTH, Nicholas J. and KLAPER, Rebecca D., University of Wisconsin – Milwaukee.

Corresponding author: Rebecca D Klaper, rklaper@uwm.edu
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Introduction:
Public water supplies are regulated by the EPA and it’s required that all public water suppliers 

regularly test for bacterial contamination, which is considered greater than zero total coliform 
(TC) per 100 milliliters of water. Fecal coliforms (FC) and E.coli are a sub-group of TC that are more 
associated with the feces of warm blooded animals. Presence of FC or E.coli are valuable indicators 
of the quality of drinking water. Testing for all pathogens would be very expensive. Therefore, TC 
and E.coli are used as indicators of water quality in relation to microbiological standards. It takes 
about 18-24hours to obtain the results of these tests.

The bacteria-detecting water sensor measures the electromagnetic characteristics of water. 
Based on the concept of permittivity, the process consists of injecting an electrical charge then 
analyzing the discharge signature. Detection of bacterial content is measured within seconds.

Materials:
• Pipette
• Pipette tips
• Membrane filters
• Pump
• Incubator
• LB Media
• ModMTEC plates 
• Ethanol (70%)
• Tweezers
• Autoclave
• Sensor
• Computer with Data Logger  
• 1000ml Graduated Cylinder 
• Water Bath (44.5°C)
• RAS (Return Activated Sludge)
• Petri Dishes
• Inoculation loops 

Experimental Design:
Each experiment involves obtaining RAS (Returned Activated Sludge) samples from MMSD 

(Milwaukee Metro Sewage District), and streaking them on modMTEC plates. After leaving then in 
an incubator for 24 hours at 44.5 degrees Celsius, E. coli colonies form.  Each individual colonies of 
E. coli are inoculated with 5 ml of LB Media. Inoculations are incubated at 37 degrees Celsius for 
about 18 hours, while on a shaker running at 100rpm. Finally 1ml of the inoculation is sampled for 
dilution. For our practices, up to, and including, the 8th dilution is measured. This step involves the 
use of a pump to filter the 6th, 7th, and 8th dilutions respectively. Next these dilutions are filtered 
on membrane filters, placed on modMTEC plates, and incubated for two hours at 35 degrees 
Celsius. Then the temperature is increased to 44.5 degrees Celsius for the next 22 hours. Finally we 
get counts of the colony forming unit per milliliter (CFU/ml), by averaging the last two dilutions.

This process described above, represents the basic methods used to find the actual E. Coli 
counts. The calibration involves dispensing 2ml of each dilution using a pipette, on the surface 
of the devices. For ten minutes the data logger records the reading in 6 second intervals. The 
process starts with the 1st dilution and ends at the 8th dilution. From here the data from the 
sensor readings and the actual counts (cfu) from each respective dilution are plotted on the 
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OBENAUF, PATRICK

Combined Sewer Overflow decision making at the Milwaukee Metropolitan Sewerage 
District

The Milwaukee Metropolitan Sewerage District provides sewage collection and treatment 
services for 1.1 million people in Milwaukee County, WI and surrounding municipalities.  The 
service area is 348 square-miles and includes a 25 square-mile combined sewer area.  The MMSD 
utilizes a deep tunnel inline storage system that conveys sewage to the treatment facilities, stores 
combined sewage, and stores separate sewage during wet weather events.  Decisions relative 
to the utilization of the deep tunnel for combined sewage storage and the timing of implementing 
combined sewer overflows rely on a combination of weather information, system information, 
prediction algorithms and active management.

O’NEIL, JAMIE

Continuous Heavy Metal Detection using X-ray Fluorescence  
O’NEIL, J., Alverno College; WEBB, D., Sage Water; SILVA, M. R, UW-Milwaukee Water  

 Technology Accelerator (WaTA)

Corresponding author: Marcia R. Silva (msilva@uwm.edu)

There are many elements that occur naturally in water, that have nutritional benefits, however 
there are heavy metal elements that result in health risks when consumed. For this reason, it is 
important that fast detection of these elements is accomplished for various areas of water use and 
reuse. The American Micro Detection Systems Real-time Element X-ray fluorescence instrument 
(REX), continuously monitors the amount of heavy metals that are contained in the liquid that is 
passing through the instrument. The REX can detect the element and amount of each element in 
the liquid that is being tested based on the fluorescent energy that the detector is exposed to. 
The heavy metals that our REX is currently calibrated for are chromium, selenium, arsenic and 
nickel. Example of fluorescent energy spectrum is depicted in Fig. 1. In this study, we will focus on 
determination of chromium first as it has binding energy more distinct from other heavy metals, 
such as selenium and arsenic (Fig. 2). Chemistry lab prepared chromium solutions were processed 
through the REX and the concentration results from the REX were then compared to results from an 
inductively coupled plasma mass spectrometer (ICP-MS). Although X-ray fluorescence is being used 
in other static applications for material identification purposes, the REX is identifying dissolved 
metals in a moving fluid in near real time. These figures represent the spectrum output and form 
the basis for software analysis and report production. 

Figure 1. The 
fluorescent energy 
spectrum used by the 
REX to determine 
heavy metal 
concentrations in a 
solution.  

The discovery of intersex fish in freshwater systems around the world suggests the widespread 
presence of endocrine disrupting compounds in the aquatic ecosystem, likely from human waste. 
Synthetic estrogens from birth-control medications found in wastewater have been pointed to 
as one likely cause of observed endocrine disruption in the environment. However, many other 
pharmaceuticals are being discovered in wastewater and surface waters at small but significant 
concentrations, and their impacts on aquatic organisms at environmental concentrations remain 
largely unknown. The anti-diabetic drug metformin is prescribed worldwide as a treatment for 
type 2 diabetes.  This biguanidine is excreted in human waste in its active form and, although it 
is removed to a high degree by wastewater treatment, recent sampling of effluent and surface 
waters around the world have revealed the ubiquitous presence of this compound, believed to be 
the pharmaceutical most deposited into the aquatic environment by mass.  Importantly, metformin 
is also prescribed to treat hormonal imbalances in patients with polycystic ovarian syndrome, 
an endocrine disorder, suggesting its potential as an endocrine disrupting compound in the 
environment. We exposed fathead minnows (Pimephales promelas) from fry stage to adulthood 
to a concentration of metformin found in wastewater effluent and examined reproductive, 
histopathological, and gene-expression endpoints to determine any potential endocrine-disrupting 
effects of exposure to this widely found contaminant.

NOTARO, MICHAEL

Dynamically Downscaled Hydrological Projections for the Great Lakes Basin
Notaro, M., University of Wisconsin-Madison; Zhong, Y., University of Wisconsin-Madison;  

 Vavrus, S., University of Wisconsin-Madison; Bennington, V., University of Wisconsin-Madison;  
 Lofgren, B., National Oceanic and Atmospheric Administration; Hoving, C., Michigan Department  
 of Natural Resources; Schummer, M., State University of New York at Oswego

Corresponding author: Michael Notaro, mnotaro@wisc.edu

The Great Lakes Basin has been a regional hotspot of pronounced climate change impacts, 
including rising air temperatures (Kunkel et al. 2013; Pryor et al. 2014), more frequent heavy 
precipitation events (Kunkel et al. 1999, 2003), reduced cloud cover (Ackerman et al. 2013; Zhong 
et al. 2016), rapid summertime warming of lake surfaces (Austin and Colman 2007; O’Reilly et al. 
2015; Zhong et al. 2016), a regime shift in lake-surface temperatures centered on 1997/1998 (Van 
Cleave et al. 2014; Zhong et al. 2016), declining lake ice cover (Wang et al. 2012), enhanced lake 
evaporation (Van Cleave et al. 2014), and increase in lake-effect snowfall (Burnett et al. 2003; Ellis 
and Johnson 2004; Kunkel et al. 2009).  The Great Lakes likewise impose a pronounced influence 
on regional climate, by regulating the regional hydrologic and surface energy budgets and the 
intensity and track of synoptic systems (Fritsch et al. 1989; Notaro et al. 2013).  The lakes influence 
air masses through differences in moisture, heat, and friction between the lake surfaces and 
upwind land areas (Changnon and Jones 1972). (Cox 1917).  Despite these critical meteorological 
influences, the Great Lakes are often neglected or underrepresented by state-of-the-art climate 
models, including those within the Coupled Model Intercomparison Project Phase Five (CMIP5).  
To address this key deficiency, a high-resolution regional climate model, the International Centre 
for Theoretical Physics (ICTP) Regional Climate Model Version Four (RegCM4, Giorgi et al. 2012) 
is interactively coupled to the one-dimensional lake model of Hostetler and Bartlein (1990) and 
applied to dynamically downscale six CMIP5 global climate models for the Great Lakes region.  
Projections are developed for the mid- and late 21st century in terms of winter severity, lake-effect 
snow, hydrologic extremes, and lake levels, along with their implications to regional wildlife, 
namely dabbling ducks and white-tailed deer. 
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The course developers (that is, the members of the CIT-E community of practice) recognize that 
many first or second year students have very little knowledge of infrastructure and have designed 
the course with this in mind. Complex mathematics is not needed in the course as the focus is 
to provide students with a holistic view of infrastructure. The course learning outcomes were 
developed collaboratively by members of the CIT-E community in 2015. A course outline, specifying 
43 lessons that will support the outcomes, was also developed collaboratively by the community 
of practice. Each lesson contains all the materials necessary to deliver the lesson: background 
readings for the instructor; pre-class materials for the student, including original screen casts; 
complete set of instructor notes including supporting PowerPoints and detailed active learning 
exercises; homework assignments, and solutions.

Of special note is the One Water module.  The intent of this module is to introduce students to 
the “One Water” concept, wherein groundwater, surface water, stormwater, and wastewater are 
collectively considered to be water resources.  The eight lessons that comprise this module include:

1. Introduction to One Water

2. Drinking water supply and treatment

3. Wastewater sources and treatment

4. Stormwater infrastructure and basic calculations

5. Green infrastructure 

6. Water security

7. Water re-use

8. Global water topics

Once this base course is completed, the potential exists to translate it for use by other 
audiences, including non-engineering students, elected officials, and k-12 students.

Upon conclusion of this presentation, the audience will be able to:

• Describe the CIT-E model course
• Explain the rationale for developing such a course, and relate it to challenges facing water 

and urbanization in the 21st century
• Describe the collaborative development process to creating the One Water module
• Access and adopt lessons in the One Water module

This work is supported by the National Science Foundation under grant 1323279, “Collaborative 
Research: Training Next Generation Faculty and Students to Address the Infrastructure Crisis.”

PEBBLES, VICTORIA

A Joint Action Plan for Great Lakes Clean Water Infrastructure and Services in the Great 
Lakes Region 

Pebbles, Victoria

Great Lakes Commission

The Great Lakes region is facing a water infrastructure crisis. It is a crisis that affects the 
pumps and pipes that move and deliver water, as well as the people and places that work together 
to ensure that water is clean, safe, reliable, and affordable. Collectively, this infrastructure and 

Figure 2. Close up of the fluorescent energy 
spectrum showing the peak traces that 
correspond to Kα and Kα peak energies for 
chromium. 
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PARKER, PHILIP

The “One Water” Module of the Center for Infrastructure Transformation and Education’s 
(CIT-E’s) Model Introductory Infrastructure Course

Parker, Philip, UW-Platteville: parkerp@uwplatt.edu

The people tasked with solving the challenges facing water and urbanization in the 21st century 
will need an education that prepares them to do so; that is, a 20th (or even 19th) century education 
is not appropriate to prepare future workers to solve 21st century problems.  In many instances, 
graduates of BS programs are ill-prepared to address the challenges facing our infrastructure as 
they do not understand what infrastructure is comprised of, nor how infrastructure works, nor do 
they understand the systems aspect of the infrastructure.  As a result, they are unaware of the 
important interplay between technical, economic, environmental, political, and social aspects, and 
enter careers that depend on functioning and sustainable infrastructure without any meaningful 
understanding of that infrastructure.  

To address this gap in infrastructure education, The Center for Infrastructure Transformation and 
Education (CIT-E) was formed.  CIT-E is a community of practice comprised of faculty members from 
around the US who share a passion for infrastructure education. CIT-E intends to transform the way 
that civil and environmental engineering topics are taught.  One major initiative for this community 
of practice is to create a “model” introductory infrastructure course to be delivered to first- and 
second-year civil and environmental engineering students.  

The CIT-E model course contains complete lesson materials for an entire semester course.  The 
course introduces first or second year civil and environmental engineering students to infrastructure 
and helps students see infrastructure as the system that it truly is. Consequently, it provides 
students with the knowledge, skills, and attitudes needed to effectively design, build, manage, 
and maintain our public works by considering social, economic, environmental, political, and other 
impacts in addition to the technical considerations. 
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Pharmaceuticals and personal care products (PPCPs) are emerging contaminants of concern 
in aquatic ecosystems. Their presence in local waterways signals human impact on our natural 
resources. The Citizens of the Rivers and Lake Monitoring Program (CRLMP) organized a pilot 
citizen science monitoring and educational campaign aimed at characterizing PPCPs in the three 
rivers that feed the Milwaukee Estuary and near shore waters of Lake Michigan. The three major 
goals of the CRLMP were 1) to develop a citizen’s monitoring program that engaged Milwaukee 
youth and adults to increase awareness and connection to the lake and its tributaries, 2) employ 
a set of state-of-the-art analytical capabilities to detect a wide variety of compounds of human 
origin in the local waterways, and 3) develop broader community awareness and education through 
visualizations, static and interactive maps, and coverage in media outlets.

The partner organizations created a framework for mobilizing citizens for sampling by creating 
protocols to simplify volunteer sign-ups and sampling commitments. This included developing 
detailed locational maps for each sampling site and an online site map. In addition, sampling 
protocols and sample equipment kits were designed for easy collection and transport to storage 
locations. Volunteers sampled from 16 total sites on the Milwaukee (n=5 sites), Menomonee (6), 
and Kinnickinnic (5) rivers, in addition to four harbor and Lake Michigan Sites (Figure 1).

Citizen scientists were recruited through the Urban Ecology Center (UEC) and Milwaukee River 
Keeper volunteer networks. Over 20 volunteers, including a group of high school students, collected 
samples from all three rivers for 2 major sampling events during Thanksgiving and in late spring. 
In addition, samples were collected weekly at the two UEC locations in Menomonee Valley and 
Riverside Park. Undergraduate students at UW-Milwaukee and Carroll University gained valuable 
experience by aiding in the PPCP sample preparation and analysis.

Over 100 samples were analyzed for 60+ PPCPs by liquid chromatography tandem mass 
spectrometry (LC-MSMS) including antibiotics, antimicrobials, antifungals, cholesterol lowering 
drugs, pesticides, psychotropic medications, pain killers, opioids, illegal drugs, and active 
ingredients of common cooking spices. The most frequently detected compounds were caffeine 
(stimulant), triclosan (antimicrobial), and antibiotics (Figure 2). The concentrations of the 
compounds varied, but were generally in the low part-per-trillion levels (Figure 3). Significant 
temporal and spatial variability in the concentration and diversity of PPCPs was observed reflecting 
heterogeneity in this urban built environment. 

In addressing the outreach and public education goal of this project, the CRLMP did create and 
attract local media coverage. Our Thanksgiving sampling event was covered by six local media 
outlets, highlighted in our organizational newsletters (RK, UEC), and posted via social media 
channels. An online, interactive ARC GIS mapping site was developed to connect our volunteers 
and the public with the data from the sampling events. This GIS spatial mapping will also highlight 
the variability of the PPCP occurrence throughout the study sites. Finally, the results of this pilot 
project are being presented at regional and national conferences, including this meeting.

associated services include drinking, waste, and stormwater. Failure to maintain this infrastructure 
and deliver these services manifests in the flooding of homes, streets, and businesses, and 
associated losses of property and economic activity. It is a crisis that closes beaches in a region 
that otherwise boasts the longest coastline in the U.S., and it is a crisis where more and more 
communities cannot ensure access to safe, reliable, and affordable drinking water in a region that 
holds 20 percent of the earth’s fresh surface water. 

On the U.S. side of the Great Lakes, this crisis arose from a fundamental shift in how water 
infrastructure is funded, coupled with a mounting backlog of maintenance and repair needs. 
Historically, water infrastructure needs were directly funded by the federal government, but 
federal spending has diminished, shifting more responsibility to states and local governments 
that face declining revenues and escalating maintenance and repair costs. Consequently, needed 
improvements are delayed while the condition of these systems continues to deteriorate. 

In late 2015 and 2016, the Great Lakes Commission adopted three separate resolutions 
acknowledging the challenges associated with providing safe and sustainable water infrastructure 
due to aging water infrastructure and lack of maintenance and investment. These resolutions also 
called for the need to better integrate drinking water, wastewater, and stormwater, including green, 
infrastructure, and to increase strategic federal water infrastructure funding. In early 2017 the GLC 
formed a Clean Water Infrastructure and Services (CWIS) Working Group to identify programs, 
policies, and actions that can be created, enhanced or modified to address these needs.

A Joint Action Plan for Great Lakes Clean Water Infrastructure and Services in the Great Lakes 
Region was developed by the GLC Working Group during the first half of 2017.  The GLC is slated 
to endorse the recommended actions in that Joint Action Plan at its Annual Meeting in September 
2017.  

This oral presentation would present the Joint Action Plan for Great Lakes Clean Water 
Infrastructure and Services in the Great Lakes Region with a description of its various components, 
including:

• a 21st century vision for clean water infrastructure and services in the Great Lakes region;
• a summary of funding needs for drinking water, wastewater and stormwater needs for the 

binational Great Lakes region and the individual stats and provinces that comprise this region, 
which represents a $5 trillion regional economy that would be one of the largest in the world 
if it stood alone as a country; and

• a suite of specific actions that can be taken over the next 2-5 years to achieve a sustainable 
infrastructure system by leveraging existing roles and capacities at federal, state/provincial, 
and local levels.  
 

PIATT, JOE

Citizens of the Rivers and Lake Monitoring Program
Joseph J. Piatt1, Todd R. Miller2, Tim Vargo3, Cheryl Nenn4, J. Val Klump5

1 Carroll University, 100 North East Avenue, Waukesha, Wisconsin

2 University of Wisconsin-Milwaukee, School of Public Health, Milwaukee, Wisconsin
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5 University of Wisconsin-Milwaukee, School of Freshwater Sciences, Milwaukee, Wisconsin
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with wastewater effluent to evaluate dry biomass responses to CO2 amendment levels with 
and without the addition of other minerals (Ns). Enhanced CO2 levels elevated dry biomass (g), 
cellulose biomass (g), and cellulose dry weight ratio of cultures significantly. Additionally, because 
environmental radiation levels can reduce algal productivity through photoinhibition, we explored 
the effect on biomass production of reducing irradiance to about half ambient levels. Further, we 
investigated the effects of CO2, other minerals, and shade on the production of cellulose, a known 
component of the Oedogonium cell wall and potential cultivation product for industrial use. Across 
all levels of CO2 enhancement, the mean dry biomass (g) yield in 125 ml of media after 6 days of 
growth was 0.36±0.13 for CO2 treatments, 0.47±0.10 for CO2+Ns treatments, and 0.15±0.01 for 
control treatments (no CO2 or other mineral amendments). Our findings indicate that elevated 
CO2 raises the growth rate of Oedogonium, generating large amounts of biomass over shorter 
growth periods than achievable with ambient CO2 levels. Shading treatments negated the effects 
of enhanced CO2. Our data indicate that addition of micronutrients is essential for maintaining 
increased growth rates of Oedogonium given elevated CO2.

PITMAN, NATALIE

Effects of copper(II) chloride on the predatory response of zebrafish (Danio rerio)
PITMAN, Natalie, Gettysburg College, TRILLO, Alex, Gettysburg College

A rapidly advancing world means an increasing need for hard metals to be used in many modern 
applications. These materials support technological and industrial progress but also have the 
potential to leach into the surrounding environment and act as chemical pollutants. In the case of 
copper, increased mining practices, use in electrical manufacturing, application in antifouling paint 
and antifungal and pesticide use in agriculture are all examples of activities that contribute to the 
input of this metal into aquatic ecosystems. Copper, is an essential nutrient at low concentrations 
but highly toxic at high concentrations and it has been shown to negatively affect a number of 
species. Zebrafish have been proposed as a model to observe vertebrate fear responses and 
can provide insight into the effects of heavy metals on vertebrates. In this study, we examined 
the effect of copper(II) chloride on the anti-predator responses of zebrafish across two different 
sensory modalities. We compared the behavior of fish previously exposed to copper to those of 
control fish in response to predator cues across three different treatments: (1) a visual cue of a 
natural predator, the Indian leaf fish; (2) an olfactory alarm pheromone or cue (Schrekstoff), and (3) 
a combination of the two previous cues. We found a significant decrease in the latency to reach 
the upper tank and a close to significant increase in darting and loose erratic shoaling when fish 
were exposed to copper. On the other hand, we found no change in the number of freezing events 
when fish were exposed to copper. Our study suggests that copper can affect antipredator behavior 
across different sensory modalities but the direction of this effect depends on the nature of the 
behavior. Copper might be more likely to impact responses that rely on movement in zebrafish, as it 
has been shown to induce excitatory behavior in other species.

Table 1. Description of antipredator behaviors analyzed in this study.

Figure 1. The sixteen sampling locations located throughout the 
Milwaukee (5), Menomonee (6), and Kinnickinnic (5) rivers.

Figure 2. The most commonly detected 
compounds from the study sites.

Figure 3. Concentrations of the PPCPs 
detected from all sites (parts-per-
trillion).

PIOTROWSKI, MICHAEL

The globally distributed, freshwater, filamentous green algal genus Oedogonium forms 
conspicuous attached or floating growths along shorelines. Abundant and rapid development of 
Oedogonium biomass indicates that this alga may be an ideal candidate for the remediation of 
wastewaters, carbon sequestration, and other applications. To gain insight into the interactive 
effects of wastewater amendments with inorganic C in the form of CO2 and other mineral nutrients 
(Ns), we conducted greenhouse experiments with closed cultures and at an open outdoor facility 
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Figure 3. (A) Average difference in loose erratic shoaling events in predator cue and control trials (B) 
Average difference in loose erratic shoaling events in predator cue trials with fish exposed to copper 
versus fish not exposed to copper, and (C) Average difference in loose erratic shoaling events in pooled 
predator cue trials with fish exposed to copper versus fish not exposed to copper. Error bars are standard 
error.

PAROLARI, ANTHONY

Stochastic water balance dynamics of passive and controlled stormwater basins
Anthony J. Parolari1

Sazzad Sharior1

Mark Bartlett2

1 Marquette University, Civil, Construction, and Environmental Engineering
2 Duke University, Civil and Environmental Engineering

Stormwater control basins are often sized for a single design storm with a passive outflow 
control structure. However, given changes in the intensity and timing of rainfall with climate 
change, there is a need to develop design methods that account for hydro-climatic variability to 
evaluate long-term function and resilience of stormwater control infrastructure. Further, real-time 
control of stormwater basin outflows can be used to reduce peak outflows and increase pollutant 
removal efficiency. To address these emerging issues, we develop a stochastic-dynamic water 
balance model for stormwater basins that accounts for random variability of rainfall and real-time 
outflow control. This framework is used to derive the probability distribution of the water level and 
flow-duration curves as a function of land use, climate, and basin parameters. The model can be 
applied to characterize uncertainty in forecasts of the basin state and the likelihood of extreme 
overflow events.

RAFF, ZACH

The Effects of Minnesota’s Phosphorus-Free Fertilizer Law on Surface Water Quality
Raff, Z., University of Wisconsin-Stout; Hutchens, A., University of Central Florida

This paper examines the effects of Minnesota’s phosphorus-free fertilizer law on surface 
water quality, which was enacted state-wide in 2004. The Minnesota law was the first suburban 
phosphorus-free fertilizer law passed in the country, and is unparalleled in its stringency. The 
law completely bans the use of phosphorus fertilizers for yard maintenance; in fact, even sales 
are prohibited, unlike many state laws that mimic the original. The analysis examines the effects 
of the law using publicly available surface water quality data from 2000-2008. Specifically, the 
analysis examines the concentrations of phosphorus (mg/L) in surface water quality for a pre- and 
post-period following the law’s passing, aggregated at the county-level. We are able to identify a 
causal estimate of the law’s effectiveness using a natural experiment, where Wisconsin surface 
water quality serves as a reasonable control sample. Empirical results show that as a result of the 
Minnesota law’s enactment, phosphorus concentrations in Minnesota surface waters decreased 
by 0.096 mg/L, on average. These results show that enacting a similar, equally stringent law in 
Wisconsin would yield significant economic benefits.

JEL Classification: Q53, Q57, Q58

Keywords: natural experiment; phosphorus; phosphorus-free fertilizer; suburban lawn ordinance; 
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Figure 1. (A) Average difference in latency to reach the upper tank in predator cue and control trials (B) 
Average difference in latency to reach the upper tank in predator cue trials with fish exposed to copper 
versus fish not exposed to copper, and (C) Average difference in latency to reach the upper tank in pooled 
predator cue trials with fish exposed to copper versus fish not exposed to copper. Error bars are standard 
error. 

Figure 2. (A) Average difference in freezing events in predator cue and control trials (B) Average 
difference in freezing events in predator cue trials with fish exposed to copper versus fish not exposed to 
copper, and (C) Average difference in freezing events in pooled predator cue trials with fish exposed to 
copper versus fish not exposed to copper. Error bars are standard error. 
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SCHAFER, JOHN

Analysis of USEPA Proposed Long-term Revisions to the Lead and Copper Rule
SCHAFER Jr., John S., Freshwater Monitoring LLC; Wang, Yin; UW Milwaukee College of  

 Engineering & Applied Science; Kiefer, Eric; North Shore Water Commission

In the wake of the Flint, Michigan public health disaster, minimizing lead in drinking water 
has become an urgent and rapidly evolving water policy issue in the United States.  The public 
health crisis in Flint brought national attention to the issue of lead in public water systems and the 
harmful long-term effects of waterborne lead exposure in humans, especially infants and children. 
Although Flint brought a national attention to this issue, the USEPA commissioned a study by the 
National Drinking Water Advisory Council (NDWAC) of proposed long-term revisions to the federal 
regulations for minimizing lead in drinking water before the Flint water disaster. 

Public water systems in the US are federally regulated under the Safe Drinking Water Act.  The 
concentration of lead in drinking water and lead line replacement requirements are regulated by 
the Code of Federal Regulations, 40 CFR Part 141 Subpart I, referred to as the Lead and Copper 
Rule.  The Lead and Copper Rule, passed into law in 1991, establishes a treatment technique that 
includes requirements for corrosion control treatment, source water treatment, lead service line 
replacement, and public education.  After the House Oversight and Government Reform Committee 
Congressional hearings in March 2016 uncovered the failure of the local, state, and federal drinking 
water regulatory system to expediently resolve the drinking water crisis in Flint, law makers put 
increased pressure on federal policy makers to improve the strength of the Lead and Copper Rule 
and repair public confidence in public water systems. 

The key principles in the EPA Lead and Copper Rule Revisions White Paper are reproduced 
below:

• Focus on Minimizing Exposure to Lead in Drinking Water
• Clear and Enforceable Requirements
• Transparency
• Environmental Justice and Children’s Health
• Integrating Drinking Water with Cross-Media Lead Reduction Efforts 

This presentation will analyze the USEPA proposed long-term revisions to the federal regulations 
for lead in drinking water and discuss primary areas of consideration for national water policy 
makers.  The scientific, technical, and fiscal challenges of updating the Lead and Copper Rule are 
significant. The Lead and Copper Rule, from a scientific, technical, and fiscal perspective, is among 
the most complex and misunderstood water regulations.  Policy makers will be challenged to craft 
a final regulation that addresses the myriad of public water system source water chemistries and 
distribution network configurations, while at the same time being interpretable, legally enforceable, 
implementable, favorable from a benefit-cost analysis, and addresses environmental justice issues.

The USEPA suggests that state regulators and water utilities begin to prepare now for future 
Lead and Copper Rule revisions, yet many water utilities are stymied by significant uncertainty 
regarding the fiscal and policy implications.  This presentation will include a brief discussion of 
innovative efforts by public water systems to minimize lead in drinking water, address citizen 
concerns, and plan for the proposed revisions.  One such example will be the Water Quality Task 
Force created by the City of Milwaukee Common Council.

The scope of the national lead in drinking water issue is immense. A national survey of lead 
service lines, published during 2016 in the Journal of the AWWA, received combined surveys 

surface water quality
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Possibility, Probability, and Climate Catastrophe
Paul J. Roebber

Distinguished Professor

University of Wisconsin-Milwaukee

The number of and damage from billion dollar severe weather events (drought, flood, freeze, 
severe thunderstorms, tropical storms, winter storms, and wildfire) has roughly tripled in the U.S. 
since the 1980s. Coupled with increasing global temperatures, this raises the compelling but 
complicated question as to what relationship, if any, there is between the two. For example, during 
this same period, weather-related fatalities have decreased. This is certainly a testament to the 
quality of the improving weather forecasts (consider the very modest loss of life for both Sandy and 
Harvey), but the protection of life and property depends on rational development and infrastructure 
as well as forecasts and warnings in either a static or a changing climate.

How can we disentangle this complex web of individual decision-making, infrastructure 
resilience, and the climate signal itself? We will address this question from the point of view of 
tropical cyclone dynamics, looking at the causes of such severe storms and potential changes to 
these “ingredients” with ongoing climate change.

RUMBALL, NATALIE

Phenotypic Characterization of E. coli in Beach Sand
Rumball, Natalie A., University of Wisconsin-Milwaukee School of Freshwater Sciences

Mclellan, Sanda L., University of Wisconsin-Milwaukee School of Freshwater Sciences

Escherichia coli enumeration is one of the standard methods to detect fecal pollution in 
recreational water quality since it is associated with the gut of warm blooded organisms. Although 
this method adequately measures E. coli, it cannot differentiate between pollution sources that 
pose high health risks to humans (i.e. sewage) from those that are naturally occurring that pose 
lower health risks (i.e. gull waste). Further, E. coli has been shown to survive for long periods of 
time in the sand, making it a poor indicator of recent pollution inputs. The origin of E. coli that 
become reservoirs in the sand, and the basis for their ability to survive is unknown. 

Previous experiments suggest that sand isolates have differences in survivability compared 
to host-associated isolates (gull and sewage). After exposure to 12° C for two weeks, there 
were longer lag times for the growth of sand isolates than host-associated isolates. Microcosm 
experiments with sand, gull, and sewage isolates have been deployed (Milwaukee, WI) to further 
compare survivability among isolates. In addition to growth for each isolation source, competition 
is also being explored in setups containing 1:1 ratios of sand to gull isolates and 1:9 ratios of sand 
to gull isolates. Preliminary results indicate that there is a difference in the ability for isolates 
to grow based on origin, as gull isolate growth peaks quicker, with sand isolates continuing to 
grow at a steady rate. Competition microcosms show similar growth patterns to those of sand 
isolates rather than gull isolates, suggesting that sand isolates may be dominating the completion 
microcosms. Future genetic analysis will identify genes associated with sand survival and be used 
to develop molecular indicators of naturalized E. coli, improving current methods of fecal detection. 
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The Junction Coalition, spurred by various neighborhood environmental, housing, and public 
health needs, has been developing public and private partnerships since 2010 to combat 
the neighborhood blight of vacant lots and abandoned houses, educational disparities, and 
communication gaps among stakeholders.  

When participation in the EPA’s Urban Water Initiative through the Toledo Metropolitan 
Council of Governments (TMACOG) became possible, an effort was launched to educate Junction 
Community residents about storm water issues and their alleviation by various kinds of green 
infrastructure practices. 

Another factor in the Junction Urban Waters Project was the impetus of community involvement: 
that residents need to have an active role in addressing the issues that affect their lives—in this 
case the effects of heavy rain events—street flooding and impassible intersections, yard flooding 
and standing water, basement flooding and the costly damage which resulted.

The water crisis of August 2014 affected almost half a million northwest Ohio and Southeast 
Michigan residents who depend on Toledo for safe drinking water. More importantly, the crisis 
pointed out the larger need of total watershed education and community action, as well as the role 
that each Western Lake Erie Basin urban neighborhood plays in water quality issues.

The response of our neighborhood made safe drinking water available to our elderly and 
homebound, many of whom were not aware of the advisory, as young people initiated door-to-door 
information and water distribution. 

A combined sewer separation project began in our neighborhood in August as a decade-
long project of the Toledo Waterways Initiative in older Toledo districts and will include green 
infrastructure installations.  In the meantime, our community is already benefiting from the creation 
of two retention cells at an intersection identified as the worst-flooded during heavy rain events—
Belmont and Forest.

The demolition of four dilapidated homes made three lots available on one corner for what is 
currently the largest residential retention cell in Toledo.  One vacant lot on the opposite corner 
is a combined pond and rain garden with eaves draining water from the home next to the pond.  
Each pond also has drainage off the streets to mimic curb cut-ins which will be installed where 
street repaving takes place during the larger combined sewer separation at the east portion of the 
Junction Community.

The presentation will include short video testimony of several residents whose yards and  
basements no longer flood; several have kept track of the cost savings.  Anecdotal information will 
also include a target-area survey conducted by teens and young adults working on neighborhood 
environmental issues:

1. Describe intersection and street flooding before installation of retention cells.

2. Describe yard and basement flooding before installation

3. How did you deal with basement flooding/how much did it cost if you hired a company?

4. What difference has the installation made in street? in your yard? your basement?

Although we do not have the means to conduct a long-term study on the effects of mold and 
mildew on the health of our residents, and whether these effects been alleviated by our storm 
water management, we hope that this will be a long-term outcome for our children and elderly.  
Our community is a prime example of environmental issues exacerbating public health issues.

responses from 978 community water systems in 49 of 50 states and the District of Columbia. 
The survey data was sorted by region and population size of the CWS. The survey calculated that 
the total number of reported lead service lines in the United States was 6.16 million LSLs, with 
a projected range of 5.5. to 7.1 million LSLs. The reported national average of lead service lines 
incidence was 37.2 lead service lines per 1,000 people.  The survey estimated that approximately 
11,200 CWS in the USA that have LSLs.  The estimated population with LSLs supplying their homes 
is 15 million to 22 million nationally. In addition to lead pipes, millions of additional homes are 
believed to have lead solder in the premise plumbing.
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regimes, including the Great Lakes Compact and the established doctrine of “reasonable use” 
rights. These legal barriers will be very difficult to overcome, and must be considered in any effort 
to construct a groundwater market in the eastern United States.
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Nutrient Pollution and the Broadening Urban-Rural Divide
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Nutrient water pollution—caused by excess fertilizer nutrients running off into lakes and 
streams—is a chronic and worsening problem for Midwestern cities and rural areas.  The effect 
of this pollution is cumulatively very bad, causing toxic algal blooms that threaten drinking water 
sources and natural ecosystems.  Blooms result in reduced oxygen levels and “dead zones” which 
destroy fish populations and cover the coastline in green slime.  Drinking water safety violations 
related to nitrates alone have more than doubled over the last decade.1  And nutrient pollution is an 
expensive problem for industries and municipalities, which must clean the water more thoroughly 
before using it. Collectively, nutrient pollution costs the United States economy more than $2 billion 
a year.2

This presentation summarizes ongoing work by the Chicago Council on Global Affairs which 
examines the nutrient pollution problem in terms of the growing urban-rural political divide.  The 
intuitive response to nutrient pollution has been primarily technical.  This is intuitively plausible 
and straightforward, and the truth is that we know more or less how to stop or seriously 
reduce pollution outflows as a technical matter.  The problem is not isolating where the largest 
contributions are coming from.3 The major obstacle here is political.  There is no disagreement 
about the problem or its technical solution, there is, however, a disagreement about who is 
responsible for the costs of implementation and failure.

STRIFLING, DAVID

Legal feasibility of legislated groundwater markets in the eastern United States
STRIFLING, David A., Marquette University Law School.
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A common fiction holds that water supplies in the eastern United States are universally 
extensive. The evidence is to the contrary: eastern groundwater supplies are rapidly diminishing 
in many areas (Russo et al., 2014; Konikow, 2014). In the Chicago-Milwaukee region, groundwater 
levels have fallen as much as 1,000 feet since pumping began (Reeves, 2000). The area of 
drawdown is very large. In Waukesha, Wisconsin—a community naturally possessed of 
groundwater that was once so pure it was featured at the 1893 World’s Fair in Chicago—
groundwater levels fell so far that the source became laced with radium. Faced with a court order 
to replace its supply, the city sought legal authorization for a diversion of Great Lakes water under 
the Great Lakes Compact. And in the Central Sands region of Wisconsin, the proliferation of high-
capacity wells for agricultural uses is believed to have caused some surface streams and lakes to 
dry up completely (Kraft et al., 2011). In many areas, use levels are simply not sustainable. 

Despite this evidence, the erroneous belief in stable groundwater supply has partly driven the 
development of permissive legal regimes governing groundwater withdrawals. Overall, legal and 
regulatory responses in the eastern United States have generally failed to address the issue. In 
Wisconsin, legislation enacted in 2017 relaxed, rather than tightened, state regulations on water 
pumping from “high-capacity wells,” which are capable of pumping over 100,000 gallons per day. 
The law removed state regulatory power to review the environmental effects of such wells when 
they are replaced or sold. 

In some arid regions, formal and informal water markets have long been used to address water 
shortages by creating tradeable rights to use surface water. Fewer areas have experience with 
markets that control pumping from dwindling groundwater supplies. However, California legislators 
recently enacted the Sustainable Groundwater Management Act, which authorized local agencies 
to develop markets in groundwater (Aladjem and Sunding, 2015). Because water use rights in 
the eastern United States have traditionally been governed by a different legal approach based 
in largely open access “reasonable use” of groundwater, a market-based strategy would have to 
legislatively override existing common-law rights. It is questionable, at best, whether that would be 
politically or legally feasible. 

Using Wisconsin as a case study, this paper will analyze, from a legal and policy standpoint, 
whether eastern states could—or should—address the simmering groundwater crisis by 
legislatively authorizing groundwater markets. It will first compare a potential market in 
groundwater credits to existing Wisconsin markets in water rights (specifically, Wisconsin’s water 
quality trading program and its system authorizing the purchase of credits enabling wetland 
fills). It will also analyze policy arguments for and against markets. Generally, advocates argue 
that a market-based approach leads to more efficient use of the resource and improved access 
for resource-poor stakeholders. (Manjunatha et al. 2011). Markets also reflect confidence in the 
collective wisdom of stakeholders (i.e., the market) to set an appropriate price for the resource 
that better reflects its scarcity. Opponents raise several arguments. First are moral objections that 
generally oppose the commodification of water resources (Walsh, A., 2011). Traditional market 
failures such as increased transaction costs may also result. (McCann and Garrick, 2014). If 
enabling legislation does not reserve water for in-stream uses such as recreation in hydrologically 
connected streams, then governments or non-governmental organizations might be forced to 
purchase rights to maintain surface water levels. In some cases, existing legal doctrines could 
block those efforts. Other legal hurdles include potential conflicts with existing legal and statutory 
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The tangible impacts of climate change on our natural environment become increasingly clear 
each day. Repetitive flooding, increasingly frequent and severe storms, and land becoming sea 
are hard to ignore and present an immediate challenge for coastal and otherwise vulnerable 
communities. Unseen, but no less consequential for the survival of the coast, is the financial 
landscape where insurers, investors, bond raters, and others map the economic viability of 
coastal communities. Some of these actors are starting to look past their traditional horizons, 
contemplating decisions today that will affect the coast for generations. The decisions on many of 
these points - whether to offer insurance and for how much, how climate change affects municipal 
bond ratings, whether to underwrite mortgages, whether to relocate an existing business out of 
harm’s way - exist outside the civic discourse and even outside Louisiana. Though invisible, these 
impacts will presage physical land loss, and could gut communities just as surely as floods and 
hurricanes. 

The consequences of an eroding coast present a challenge for the State of Louisiana, and for 
the nation, but the hardest-hit entities will undoubtedly be the Parishes and municipalities – the 
Coastal Political Subdivisions (“CPSs”) – on the front lines. Any decision to relocate a business, 
increase insurance premiums beyond affordable levels, or refuse to underwrite a mortgage on 
property, has the potential to be a ‘tipping point’ that imperils or compromises the future economic 
viability of coastal communities. Further, because these potential tipping points are interrelated, a 

In this talk, I reframe the nutrient pollution problem as a primarily political one and then assess 
some of the major obstacles and opportunities for addressing it from this perspective.  The central 
conflict here stems from two sources.  The first is the dynamics of the nutrient pollution problem 
itself.  The main sources of nutrient pollution are rural—agriculture and livestock operations.  
More than 20 percent of the nutrients from applied fertilizer and manure wash off into rivers or 
percolate down into groundwater.  Yet cities are generally on the receiving end of problems, as 
diffuse contributions from thousands of farms and livestock operations collect in the large surface 
waterways nearby.  Cities bear the costs of treating this water, and because their utilities are 
federally regulated as single polluters, they are accountable for failure in a way that individual 
farms or drainage districts are not.4 Thus, nutrient pollution resembles other environmental 
pollution problems where individually small contributions collect and place a burden on groups that 
are not a significant source of the pollution.  The second and more unique element of the nutrient 
pollution problem is that regulatory policy and politics does not provide an easy way to incentivize 
burden sharing.

The most well-established methods for controlling nutrients rely on keeping them on the farm 
in various ways.  These include bioremediation (vegetation buffers and cover crops) and water 
capturing or reuse systems.5  Regulatory options that presume producers are motivated to reduce 
pollution include risk-reduction strategies, like changing insurance incentives.6 Regulatory options 
that presume producers are hostile to reductions include regulatory sanctions and private lawsuits.  
The problem with most of these as long-term solutions is their reinforcement of the rural-urban 
political divide, more or less guaranteeing that we will not get the state and federal level 
institutional buy-in necessary.  

Midwestern states (North Dakota, South Dakota, Minnesota, Wisconsin, Iowa, Illinois, Indiana, 
Michigan, and Ohio) exchange large volumes of nutrient pollution between rural and urban 
communities.  Yet seven of these states have no, or substantially incomplete, nutrient pollution 
criteria in place.7  Because the pollution creates a burden that spans communities, the natural 
place to look for solutions is the state level. State legislatures, however, have increasingly enacted 
preemptive laws that reduce their power to enact civic politics their residents support, but which 
are contested by rural voters. At the federal level, efforts to repeal and soften the regulatory power 
of the Clean Water Act and the Clean Waters Rule are both a setback and an emerging opportunity 
for collaborative local responses by cities and agricultural produces in their watersheds.

After working through the political obstacles to dealing with nutrient pollution, the talk outlines 
some possible avenues for dealing with the policy obstacles to implementing proven pollution-
reduction technology.  The organizing principle of these solutions is that they must be explicable as 
either mutually beneficial or at least a fair distribution of recognized collective burdens, and they 
very likely have to be organized directly between cities and the sources of nutrient pollution.  Thus, 
they likely require programs to transfer resources from cities to non-point polluters, which raises 
difficult questions about how politically palatable such policies will be in cities, as well as how 
they would handle legal obstacles created by the structure of environmental regulatory authority 
in the United States.8 As a way of understanding what such programs would look like, I draw on 
comparative examples from efforts to create incentives for drug companies to produce drugs that 
have a high health impact but typically low financial return.  Such comparative cases are important 
for dislodging us from the policy impasse on nutrient pollution.

 1 United States Environmental Protection Agency. 2012, The Facts about Nutrient Pollution, 
Washington D.C., viewed 9/12/2017, <http://midwestadvocates.org/assets/resources/nutrient_
pollution_factsheet.pdf>
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(undetected to 91 ± 2 Bq kg-1) along ~40 km of shoreline. Benthic trawl samples showed 131I activity 
up to 8 km from shore. Calculated 131I length scales were 30 km alongshore and 3.4 km offshore 
and corresponded to sewage effluent dispersion rates of ~2.6 km d-1 and ~0.3 km d-1 in along- and 
offshore directions. Using 131I as a tracer of sewage effluent from other coastal municipalities to the 
Laurentian Great Lakes appears feasible, particularly for larger (> 105) population centers.

We stress that the chief advantages of using 131I as a tracer of sewage effluent are: (1) its ease 
of measurement by gamma spectroscopy, (2) its uptake and concentration in living biota, and (3) its 
short lifetime and precisely known rate of decay. 

Future studies might profitably explore the rate of change of 131I activity in receiving water 
bodies to changing concentrations of other constituents in sewage effluent (e.g., pharmaceuticals) 
as a means of constraining the effective half-lives and length scales of emerging contaminants in 
natural systems.

The complete findings of this study have been published by Montenero et al. (2017).

Montenero, M. P., Dilbone, E. K., Waples, J. T. 2017. Using medically-derived iodine-131 to track 
sewage effluent in the Laurentian Great Lakes. Water Research 123: 773-782

WASLEY, JAMES

Innovation agenda at the Greenfield Gateway
The Greenfield Gateway is a stormwater demonstration fountain at the corner of First and 

Greenfield; the Gateway to the Harbor District and the UWM School of Freshwater Sciences. 

The current research agenda of the Greenfield Gateway Fountain is “Insuring clean, safe and 
dischargeable water through the integration of three potentially synergistic technologies: Solar 
photo-electrocatalytics, phosphorus sequestering nano-materials and intelligent storage controls. 

This talk will provide an update on this research agenda, on the Gateway project in general and 
on the Ecological Waterscapes Plan that it is a part of. It will also place the Gateway fountain in 
context with other waterscape features that have been designed with the intention of rethinking 
the role of water in urban environments. 

WASLEY, JAMES

Design and the Inner Harbor: the role of design in charting a vision for the future of water 
in American cities. 

This talk will lay out a philosophical framework for ecological design, focusing on rethinking 
the role of water in our urban environments. It will also argue for the importance of design as a 
disciplinary perspective in our common search to identify critical research questions where the 
academy can play an active role in shaping a sustainable future. 
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Novel Porous Materials for the Removal of Persistent Organic Pollutants
ZHANG, Yan, UWM Water Technology Accelerator (WaTA); SILVA, Marcia R., UWM Water 

Technology Accelerator (WaTA); LI, Yuting, UWM Water Technology Accelerator (WaTA); GARMAN, 
David, UWM Water Technology Accelerator (WaTA); ZHANG, Haifeng, AO Smith; WANG, Jinwen, 
KX Technology; GARTHWAIT, Brennon, Veolia; KOLARIK, Jayme, Pentair.

decision in one sector could have cascading impacts. An insurer, for example, might decide to stop 
offering business interruption insurance in a particular area. That decision could lead to business 
relocation, which might lead to population decrease as people move with jobs. Consequently, 
the parish tax base shrinks, further compromising the ability to pay for adaptation measures and 
possibly spurring more businesses to move and more insurers to reexamine the policies they offer 
along the coast. The purpose of this paper is to identify these potential tipping points, map their 
interrelations, and provide coastal stakeholders the information needed to engage decision makers 
and avoid the worst economic consequences.   

WAPLES, JAMES

Tracking Milwaukee sewage effluent in Lake Michigan
MONTENERO, Michael P., US Geological Survey; DILBONE, Elizabeth K., University of Wyoming;  
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Figure 1 - Release of iodine-131 (131I) from human waste from Milwaukee’s South Shore and Jones Island 
Waste Water Treatment Plants (WWTP) and uptake of 131I in Cladophora algae along 40 km of Lake 
Michigan shoreline.

Tracking sewage wastewater in a large lake is difficult. Concentrations of biological or chemical 
compounds that can be used as sewage indicators are quickly diluted and not easy to measure. 
In this study, we examined the potential of using medically-derived iodine-131 (131I, t½ = 8.02 d) as 
a tracer for Milwaukee sewage effluent in Lake Michigan. 131I activities in sewage effluent from 
two Milwaukee wastewater treatment plants (WWTPs) were measured in conjunction with 131I 
activities in water, sediment and biota in the Milwaukee Outer Harbor and Lake Michigan. 131I 
discharge rates from both WWTPS ranged from 34 ± 15 to 1807 ± 24 MBq d-1, with average and 
median 131I discharges of 278 and 129 MBq d-1. A budget of 131I in the Milwaukee Outer Harbor 
– based on measured sediment and water column inventories – showed that ~11% of the 131I 
discharged to the harbor was scavenged to bottom sediments, ~19% decayed in the harbor water 
column, and ~70% was flushed out of the harbor to Lake Michigan. From this budget, we derived 
a harbor flushing rate of 3.1 days. In Lake Michigan, 131I activity was found in Cladophora algae 
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dyes, disperse blue 26, are 67% and 99.5% for activated carbon and modified porous materials 
individually. Also, for the cationic dyes (Methylene Blue) and anionic dyes (Sodium Fluorescein), 
all the captures reach to over 99%. In Figure 3(d), drying method coated porous material has been 
tested for the capture of BPA and PFOAs, and the results shows similarity with Dye capture tests 
which are 69% for Disperse Blue 26, and 90% for Sodium Fluorescein respectively. 

Through comparing GAC with modified porous materials, both have high adsorption capacity, but 
porous material has better performance for the capture at a certain concentration for POPs than 
GAC. Graphene-based products functionalized porous material has been proved that it has better 
capture capacity than commercial activated carbon. This poster presents the results from this study. 
This technology has potential for application in an industrial scale in utilities for water treatment.
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Abstract:
Excessive heavy metal ions, like mercury, lead, arsenic and cadmium,  damage the central 

nervous system and cause brain and blood disorders in mammals.1 E. coli bacteria could cause 
symptoms such as bloody diarrhea, hemorrhagic colitis, and kidney failure.2 Sensors that can 
make real-time measurements of these water contaminants at low concentrations are desirable 
for maintaining safe water supplies.3 The real-time sensing capability can ensure adequate 
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Persistent organic pollutants (POPs) are toxic chemicals stable for long periods of time in the 
environment and are widely dispersed in ecosystems including in living organisms. They often 
cause detrimental impacts on humans and ecosystems. Pollutant capture technologies are widely 
implemented and are increasingly well-developed but are often expensive. The commercial 
activated carbon, which has been chosen as the most recent and common technology for pollutant 
capturing, has a high adsorption capacity and low price. In this research, a new low cost, effective 
natural porous material functionalized with graphene based products was prepared and tested 
for removal of persistent organic pollutants (POPs). Bisphenol A (BPA) and perfluorooctanoic acid 
(PFOA) have been chosen as typical toxic chemicals. The acid treated and modified materials have 
been characterized by scanning electron microscope (SEM), energy-dispersive X-ray spectroscopy 
(EDS). The comparison of natural porous materials and the materials functionalized with graphene-
based products for POPs removal was investigated. A modified coating method was developed 
for comparison with the conventional vacuum coating method. Besides, three methods have been 
investigated to improve the adsorption performance of materials, including surface modification for 
increasing the hydrophilicity and positive charge on the porous material surface respectively, and 
in-situ reduction of the graphene based products on porous materials’ surface. 

Figure 1 The SEM images of acid treated porous material (a), Recoated reduced graphene based product 
coated porous material (b), modified graphene based product coated porous material (c), EDS carbon 
mapping of coated material (d).

Under SEM, the surface of porous materials before and after graphene-based products 
modification has been discussed, the graphene-based products functionalized porous material has 
a much smoother surface (Figure 1(b)) than acid treated porous material (Figure 1(a)). EDS Carbon 
mapping also clearly shows that the graphene-based product has been successfully coated on the 
surface of porous material (Figure 1(c), (d)).

Figure 2 The adsorption performance of the exhaustion experiment of GAC vs. functionalized porous 
materials with Disperse Blue 26 (a), Sodium Fluorescein (b), different charge POPs (c), and Drying method 
coated porous material with BPA and PFOA (d). 

The adsorption performance in the exhaustion experiment (Figure 2(a), (b)) shows that in the 
same pore volume, graphene-based products functionalized porous material has a better adsorption 
capacity for Disperse Blue 26 and Sodium Fluorescein. The remarkable adsorption capacity for 
Disperse Blue 26 is that after 50 pore volumes, the C/C0 of functionalized porous material remains 
under 0.3 when C/C0 for activated carbon already over 0.4. Meanwhile, it shows in Figure 2(b) 
that the GAC is saturated at 500 pore volumes, while functionalized porous material reaches 
to saturation point at 1100 pore volume. The Figure 3(c) shows that the captures for neutral 
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time to take safety measures if maximum limits of contaminant metal ions are exceeded. 2D 
nanomaterials, e.g., graphene oxide, with its unique electronic properties, are a promising 
candidate for high-performance sensing.4

Ongoing research in our lab includes developing nanomaterial-based electronic devices for 
the real-time detection of water contaminants, especially, heavy metal ions and E. coli bacteria. 
A field-effect transistor (FET) device-based sensor is developed to detect contaminants in an 
aqueous environment. The FET sensor is based on 2D nanomaterials with specifically functionalized 
gold (Au) nanoparticles (NPs). By monitoring electrical characteristics of the FET device, water 
contaminants are quantitatively detected within several seconds after the solution is in contact 
with the active area of the hybrid sensor. 

The sensor platform shows a remarkable sensitivity to bacteria with extremely low limits of 
detection (LOD), which are 2 µg/L, 2 µg/L, 1 µg/L and 10 CFU/ml for mercury, lead, arsenic and 
E. coli, respectively. The LODs are much lower than the maximum contaminant levels (MCLs) 
recommended by the U.S. Environmental Protection Agency. Ca2+, Cu2+, Fe3+, Mg2+, Na+, and Zn2+ 
are used to verify the selectivity of the FET hybrid sensor. The rapid, selective, sensitive and stable 
detection performance suggests a promising future of the FET sensing platform for in-situ detection 
of contamination events. It could be developed into standalone sensors or integrated with existing 
water equipment for monitoring water contamination to mitigate the public health risk. 
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