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Declining Water Quality 
is a Global Problem

Water quality deterioration is projected to rapidly 
increase over the next several decades threatening 
human health, economic development and 
ecosystems. 

Up to 1 in 3 people will be exposed to a high risk of 
water pollution in 2050 from increased amounts of 
nitrogen and phosphorous. 

Up to 1 in 5 people will be exposed to a high risk of 
water pollution reflected by increased levels of 
biochemical oxygen demand (BOD).

International Food Policy Research Institute 
(IFPRI) and Veolia  (2015)



Steffen et al. 2015,  Science 
https://www.stockholmresilience.org/research/planetary-boundaries.html

Nutrient pollution has 
reached “high risk beyond 
the zone of uncertainty”

Planetary Boundaries
A Safe Operating Space for Humanity

Presenter
Presentation Notes
The idea of safe planetary boundaries has been discussed by scientists for over a decade. You can learn more at the website for the Stockholm Resilience Center.Chemical pollution and the release of novel entities emissions of toxic and long-lived substances such as synthetic organic pollutants, heavy metals and radioactive materials represent some of the key human-driven changes to the planetary environment. It’s sad to admit, but at present scientists are unable to quantify a single chemical pollution boundary.Stratospheric ozone depletion - stratospheric ozone layer in the atmosphere filters out ultraviolet (UV) radiation from the sun. If this layer decreases, increasing amounts of UV radiation will reach ground level. This can cause a higher incidence of skin cancer in humans as well as damage to terrestrial and marine biological systems. This is a global environmental success story - the Montreal Protocol, we appear to be on the path that will allow us to stay within this boundary.   Atmospheric aerosols. An atmospheric aerosol planetary boundary was proposed primarily because of the influence of aerosols on Earth's climate system. Aerosols play an important role in the hydrological cycle  and have a direct effect on climate, by changing how much solar radiation is reflected or absorbed in the atmosphere. How aerosols behave in the atmosphere is extremely complex. While many relationships between aerosols, climate and ecosystems are well established, many causal links are yet to be determined. Ocean acidification Around a quarter of the CO2 that we emits into the atmosphere is ultimately dissolved in the oceans. Here it forms carbonic acid, altering ocean chemistry and decreasing the pH of the surface water. This rising acidity makes it hard for organisms such as corals and some shellfish and plankton species to grow and survive. Different than coastal acidificationNitrogen and phosphorus flows to the biosphere and oceans The biogeochemical cycles of nitrogen and phosphorus have been radically changed by humans.. A significant fraction of the applied nitrogen and phosphorus makes its way to estuaries and the ocean. Too many nutrients can push marine and aquatic systems across ecological thresholds. Two examples -  Gulf of Mexico's 'dead zone' caused by fertilizer transported in rivers from the US Midwest and Indian River Lagoon Harmful Algal Blooms (I’ll talk about that more). Freshwater consumption and the global hydrological cycle Access to freshwater is essential to life.  The freshwater cycle is strongly affected by climate change and human pressure. A water boundary related to freshwater consumption and environmental flow has been proposed to maintain the overall resilience of the Earth system and to avoid the risk of 'cascading' local and regional thresholds.Land system change land-use change is one driving force behind the serious reductions in natural habitats and biodiversity loss. It impacts water flows and on the biogeochemical cycling of carbon, nitrogen and phosphorus and other important elements. Loss of biosphere integrity (biodiversity loss and extinctions) changes to ecosystems due to human activities were more rapid in the past 50 years than at any time in human history, increasing the risks of abrupt and irreversible changes. Species extinctions cannot be reversed.Climate Change  recent evidence suggests that the Earth has already passed the planetary boundary and is approaching several Earth system thresholds.  A major question is how long we can remain over this boundary before large, irreversible changes become unavoidable.   



Declining Water Quality is a 
National Problem



Incidence of HAB’s on the Rise

Potential Human Health 
Impacts

• Amnesic Shellfish Poisoning
• Ciguatera Fish Poisoning
• Diarrhetic Shellfish Poisoning
• Neurotoxic Shellfish Poisoning
• Paralytic Shellfish Poisoning
• Cyanobacteria Toxins
• Estuary Associated Syndrome

Map Source: 
Woods Hole Oceanographic Institution
http://www.whoi.edu/ 



Declining Water Quality is a Florida Problem

Photo: Greg Lovett/The Palm Beach Post_2016

Microcystis bloom caused by freshwater discharges from Lake Okeechobee to southern Indian River Lagoon (2016)



Florida’s Population
Diverse and Growing 

• Population ∼21.5 million.
• Adding 800-1,000 people/day.
• Most densely populated areas 

are located in the southern and 
central regions and along the 
Atlantic and Gulf coasts.

• 2060 population projection ∼ 36 
million.

FFWCC, 2008



Declining Water Quality is an Indian 
River Lagoon Problem

2016 & 2018  IRL and Banana River
Aureoumbra Brown Tide Bloom   
(Photo: FL Today, C. Rubadoux,)

Photo by Captain Alex Gorichky, Local Lines Charters, 2016

Photo: Dylan Hansen Indian River, 2020 cyanobacteria bloom

2018 Cocoa Beach, FL  
Photo: Robert Kane, - Fibrocapsa
japonica; 

Photo: Bob Day Banana River, 2020

Photo: Duane De Freese, 2016



Southern Lagoon
Lake Okeechobee Seasonal Discharges and Cyanobacterial Blooms

Photo: Duane De Freese, 2016

Presenter
Presentation Notes
The southern lagoon is impacted by all of the chronic stressors, but Lake Okeechobee freshwater discharges (up tom9 billion gallons daily) can shift the system to freshwater and make it vunerable to toxic cyanobacterial blooms.The FL Congressional delegation has called for full funding for Everglades Restoration ($725 million). You can support that effort by contacting your local Congressional representative and say thank you.Yod can help the lagoon by making a similar request for Congressional appropriation at the full amount authorized by Congress in January 2021 ($50 million)



IRL suffers from multiple levels of stressors
Chronic Stressors and Shock Events

• Habitat loss/alteration
• Watershed loss/alteration
• Altered hydrology and surface water flow 

Nutrients (multiple sources/ pathways)
• Toxicants (multiple sources/pathways)
• Internal nutrient and pollutant loads 

(muck)
• Shoreline erosion
• Litter & Debris
• Invasive exotic species
• Tropical storms and hurricanes
• Extreme Weather (floods and draught)
• Lake Okeechobee discharges to SIRL
• Global climate change
• Coastal/Ocean Acidification
• Sea Level Rise

NASA Crawlerway under construction in 1964 was a massive dredge and 
fill project that destroyed wetlands and altered  natural water connections 
between Mosquito Lagoon, Banana River and the Indian River Lagoon.

Photo: NASA Archives

Presenter
Presentation Notes
Quickly go through stressors, sources and pathways



Florida’s Water Challenge
• Aging and inadequate 

infrastructure to meet today’s 
needs.

• 21st Century infrastructure 
improvements needed to meet 
future needs.

• Building resilience into 
Florida’s water, wastewater 
transportation/stormwater 
infrastructure to address 
coastal vulnerabilities, climate 
change and sea level rise.

Creating long-term investments in Florida’s energy, 
water, transportation, telecommunications, and 
rural infrastructure is a vital part of effectively 
preparing for Florida’s future infrastructure needs.
https://www.flchamber.com/advocacy/issues/water-solutions/

ASCE America’s Infrastructure Report Card
• America’s Infrastructure D+ (2017); C- (2021)
• Florida Wastewater C (2016); C (2021)
• Florida Stormwater D (2016); C- (2021)
• Florida Coastal Areas D+ (2016); C- (2021)

https://www.infrastructurereportcard.org/

https://www.flchamber.com/advocacy/issues/water-solutions/
https://www.infrastructurereportcard.org/


Nutrients: Multiple Sources and Conveyances
ACTIONS

Reduce 
Nutrients and 

Pollutants 
from ALL 
Sources

__________
_

External
Pathways

(land, water, air)
Wastewater

Septic 
Stormwater

Internal 
Pathways

(internal cycling)
Muck Dredging

WWTP

(Modified from Hans W. Paerl, 
University of North Carolina –Chapel Hill 2006) 

Groundwater

Muck
Flux

Water Reuse/Biosolids to ground, 
ground water and surface water

Presenter
Presentation Notes
When we look at the sources impacting the IRL the problems all stem from old and inadequate plumbing…StormwaterWastewater SepticMuck



Approximately 300,000 septic systems in Lagoon watershed. 
Approximately 2.7 million systems in Florida.

Traditional systems provide little or no treatment for nutrients.

Advanced systems can reduce the nutrient contribution to 
groundwater, but do not remediate other pollutants moving 
through the human waste chain.

Vulnerable to high water tables, flooding and sea level rise.

Millions of dollars being spent to convert septic to sewer, but 
Florida has no mandatory septic inspection policy and 
traditional septic systems continue to receive permits with new 
construction.

Onsite Sewage Disposal Systems - OSDS
Example of infrastructure policy disconnect



Photo: http://pics-about-space.com/

The IRL has a Plumbing Problem

“The Cost of Doing Nothing”



Estimated Cost of IRL Restoration
Project Category

Total # Projects 
Submitted 

# Projects with 
Estimated Costs

Total Estimated Costs
TN Reduction 

(lbs./yr.)
TP Reduction 

(lbs./yr.)

Stormwater 519 470 $703,425,600 781,119 180,754

WWTFs and Septic Systems 226 200 $905,563,298 616,680 34,280

Habitat Restoration 79 60 $44,303,975 25,235 1,525

Muck Removal or Navigation 69 66 $755,422,346 2,246,594 193,156

Citizen Engagement 64 48 $5,270,045 35,505 2,473

Monitoring and Research 60 26 $22,056,082 0 0

Capital Construction (Restoration facilities) 4 4** $95,000,000 0 0

CERP IRL South (Everglades) 1 Multiple* $3,500,000,000 TBD TBD

TOTAL 1,021 874 $6,031,041,346 3,705,133 412,187

*Includes C-23, C-24, C25 and C-44 reservoirs and Stormwater treatment Areas (STAs)

** Includes capital construction improvements at Regional Restoration Centers and Brevard Zoo new Aquarium project with a projected construction cost 
of $84-$100 million



$5 Billion or More?



http://www.tcrpc.org/special_projects_.htm

Need to understand benefits and return on investment



Culture/Cultural Heritage
Demographics/Diversity
Development
Economy           
Education
Environment
Governance
Healthcare
History
Homelessness
Infrastructure
Poverty
Public Safety
Social Justice
Tourism
Transportation
Workforce

CLIMATE CHANGE and SEA LEVEL RISE
Make decisions, actions and costs more complicated

Infrastructure and economies on the Edge 



NOAA Update 2022

Relative sea level along the contiguous U.S. 
coastline is expected to rise on average as 
much over the next 30 years (0.25–0.30 m 
over 2020–2050) as it has over the last 
100 years (1920–2020).

Photo: TC Palm, 2019 with credit to Doug Murray/FPL

Photo: Barry Eager, Phantom Films of Florida. Photo courtesy of Canaveral Port Authority

IRL barrier island infrastructure at risk includes Kennedy Space Center, 
Port Canaveral, WWTPs, and FP&L Nuclear Plant on Hutchinson Island



Listen to the Lagoon
Time to Rethink…

• Coastal Development Practices
• Aging and Inadequate Wastewater Systems
• Septic
• Stormwater
• The Florida Lawn…



Let’s Think About Innovation Opportunities 
in the Clean Water Industry Sector

Rebuild America’s aging and inadequate 
water and wastewater infrastructure and 

replace it with 21st century clean-
technology solutions.

Solve urgent water quality problems.

Accelerate water quality and habitat 
restoration.

Reduce life-cycle costs.

Create jobs.



Demand for 21st Century Water Solutions is High

Demand exists in all sub-sectors of water industry
• Water Quality Remediation: Surface water and groundwater; nutrient & pollutant 

remediation.

• Potable Water: water supply, conveyance, treatment, distribution and recycling. 

• Consumptive Use & Efficiency: agricultural, residential, commercial, and industrial users.

• 21st Century Wastewater: Collection, treatment, and disposal/reuse of wastewater. 

• Water-Energy Nexus (Goal- efficacy and efficiency).

• Innovative environmentally-safe alternatives to replace chemicals that are proven to be 
threats to human and/or wildlife health ( i.e., carcinogens, endocrine disruptors) or 
compounds that impact natural ecosystem functions. 



Water Innovation Opportunities are High 
• Next generation WWTPs. Goal: zero waste stream to environment, waste recycling and repurposing.
• Decentralized non-sewer sanitation.
• Muck dredging technology, muck management, nutrient and pollutant remediation and beneficial 

reuse.
• Integrated and coupled water and energy infrastructure.
• Emerging contaminant remediation.
• Advanced Materials (multifunctional membranes, nano technologies, novel catalysts and high-

capacity absorbents).
• Microbial applications for wastewater, stormwater, septic and emergency spill response.
• Disinfection technologies.
• Smart sensors and technologies (digital water).
• Big data analytics.
• Information sharing - Translating big data into data-driven stories (artificial intelligence, interactive 

dashboards, near real-time communications, etc.).
• Coastal infrastructure resilience.



Indian River Lagoon National 
Estuary Program



The IRLNEP developed a 
Comprehensive Conservation 

and Management Plan –
Looking Ahead to 2030

Opportunities for innovation 
and technology advancement 

exist within each of the 32 
IRL Vital Signs



What is Role of IRLNEP?
Facilitate Public-, Private- and Independent- Sector Connections

• Expand and diversify IRLNEP Innovator and Investor Network (IRLI2).
• Reach out to industry leaders, economic FL Department of Economic 

Opportunity, CareerSource FL, and Industry Associations.
• Convene innovation and technology summits, symposia and workshops.
• Seek expanded funding for technology proof of concept and efficacy 

pilot testing.
• Serve as the lead IRL organization to communicate, convene and 

promote the IRL region as a regional center for excellence in clean 
water technology innovation.

• Develop Water Technology Directory on IRLNEP Website.



Industry Category (Statewide) Count %
Wastewater 73 29.8
Stormwater 8 3.3
Nutrient & Contaminant Reduction, 
Algae Elimination 27 11.1
Legacy Loads, Muck Management 17 7.0
Consulting Services 59 24.2
Monitoring & Sensing, Data 
Management 36 14.7
Renewable Energy 13 5.4
Emerging Technologies (other) 11 4.5

Total 244 100

Understand corporate water 
technology assets within the 

IRL watershed and 
throughout Florida

Role of the IRLNEP 

Proportions of Companies in Database

Wastewater

Stormwater

Nutrient & Contaminant
Reduction, AE
Legacy Loads, Muck
Mgmt
Consulting Services

Monitoring & Sensing,
Data Mgmt
Renewable Energy

*Reed Coffey, preliminary data



Role of the IRLNEP 

Map
Clean Water and Clean 

Energy Corporate Assets 

IRLNEP/Coffey & De Freese -2018 Draft



Role of the IRLNEP? 
Understand corporate water technology assets within the IRL watershed and 
throughout Florida. Promote pilot testing of new water technologies, industry 
cluster opportunities, workforce development opportunities, other?

IRLNEP/Coffey & De Freese -2018 Draft



Common Ground Regarding Water
Potential for Non-Traditional Innovation Partners

• Information Technology and Big Analytics
• Smart-Sensor Technologies
• New Materials for Sustainability, Energy Efficiency, 

Coastal Resilience
• Human health- Ecosystem Health
• Genetics Technology
• Environmental Protection 
• Energy Technologies
• Water-Energy-Waste-Food Nexus
• Space Exploration and Colonization 

- Transformative waste and water processing technologies



Plant the Seed
Preferred Future for Florida

• Need for a higher water standard in Florida.
• Opportunity for innovation, R&D, and growth 

of a commercial water sector.
• By linking public, private and independent 

sector partners, we can cultivate innovation,  
solve our water problems and create jobs in 
the process. 

• Engage, inspire and prepare young people



Opportunity to encourage a new generation of 
innovators and entrepreneurs

Groundswell Startups

The first “hack an estuary” event in North America (2018)



Opportunity for Innovation in the Clean 
Water and Restoration Industry Sectors

Next-Gen Solutions for 
Today’s Problems and 

Beyond



Sedron Technologies - decentralized waste treatment system

https://www.sedron.com/

Opportunity to go beyond AWT 
Next Generation WWTP?

Zero Waste Stream to Environment



Opportunities for new technologies in data 
collection and remote sensing

• Ship Technology & Design
• Satellites
• Transmitters
• New Sensors
• Drifters
• Drones
• Gliders
• Moored Buoys
• Manned Submersibles
• Unmanned Submersibles (AUV/ROV)
• UW Optical & Acoustic Communication Networks
• UW Optical & Acoustic Imaging

http://www.ioos.gov/

Future Vision

Sea Orbiter 

(Dream of Architect Jacques Rougerie, France
https://www.seaorbiter.com/)



Opportunities to explore new technologies, 
research and innovative approaches to 

Harmful Algal Blooms

Technology Opportunities
• Monitoring and Detection
• New Bio-Sensor Development
• HAB Mitigation Technologies
• Water Treatment Technologies
• Biotoxins
• Human Health Assessment
• Pharmaceutical Research

Red Tide Institute at Mote Marine Laboratory provides the 
facility capacity to conduct leading-edge research



HAB Monitoring
Drones/Sentinel 1&2 data

FDEP Harmful Algal Bloom Innovative Technology 
Project Grant (2021)



Opportunity to advance big 
data management,  
analytics and modeling



Opportunity to improve data sharing, communication, 
collaboration, coordination and emergency response

FY 2020-21 HAB Innovative Technology Project Grant
FDEP Award $963,470.



Opportunity to communicate more effectively and 
efficiently to diverse audiences

Integrate science
with social,
economic and
education needs
and values of our
community



Opportunity to build a skilled 
workforce and “Community of 
Practice” in habitat restoration 
and species recovery



Opportunity to reach out to new industry & community partners.

Innovators & Investors Network (IRLI2)

Presenter
Presentation Notes
Port Canaveral is an active IRLI2 partner by sponsoring a citizen engagement research project to identify citizen knowledge, attitudes and behaviors related to the lagoon.  This research will assist all of our community partners to better communicate the need for change to our citizens and visitors.



Opportunity at the federal level to create a
DARPA-scale program for water technology and innovation

“Creating breakthrough 
technologies and capabilities 
for national security”.

The FY2021 DARPA budget 
was $3.5 billion.Defense Advanced 

Research Projects Agency



Technology provides great promise…



But…
“all that glitters is not gold”
Need to evaluate technology benefits and risks by asking specific 
questions. Answers must be supported by data.

Is the technology…
• Effective?
• Efficient?
• Outcome Specific?
• Targeted?
• Possible to receive permits?
• Environmentally Safe?
• Scalable?
• Cost Competitive?
• Sustainable? 
• Pay for Performance?

There are no “silver bullets”



Source: Nitin Pradhan (2015) Cartoon Credit: http://pilulerouge.over-blog.com/

Technology alone won’t solve our water problems…



Fix Ourselves



Let’s work to achieve a preferred water future…

Common Vision



“The Manhattan Project. 
The Apollo Program. 

The silicon chip. 
The internet. 

Time and again, America 
has proven that putting 
together the best minds 
and the right resources 

can result in technological 
breakthroughs that 
change the course of 

human history”

Union of Concerned Scientists
(http://www.ucsusa.org/)

Falcon 9 Launch & Landing

Need for Innovation
Zero Waste Stream to Environment

Reduce
Reuse

Recover



Imagine…Florida

A Global Leader in Clean Water Technology 
“The First Clean Water State in the Nation”

Dick Nunis “Blue Sky Dream” Quote
Retired chairman of Walt Disney Attractions 

Disney “Legend”



CONTACT
Duane E. De Freese, Ph.D.

IRL Council and
Indian River Lagoon National Estuary Program

ddefreese@irlcouncil.org
321-313-0764
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