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SUMMARY OF FINDINGS 

BACKGROUND  

Nutrient pollution is a leading driver of water quality impairments in the IRL that has led to undesirable 
outcomes such as eutrophication, algal blooms, anoxic zones, and fish kills. Nutrients in groundwater, 
stormwater, and atmospheric deposition enter the lagoon through wastewater and stormwater 
infrastructure, rainfall, and baseflow where they contribute to internal loads. Muck, made up of fine 
organic matter, has accumulated in areas of the IRL bottom over time, acting as a long-term internal 
source of Total Nitrogen (TN) “legacy loading”. Explosive urbanization throughout the watershed over 
the last half century has led to more impervious areas which increases stormwater volume and velocity. 
Flood alleviation was accomplished by diverting rainwater through a series of drains and pipes directly 
to receiving waters.  This expansive development also required installation of wastewater infrastructure 
and treatment facilities to meet growing demands. These now require upgrades to prevent the release of 
untreated sewage and effluent to the IRL. Atmospheric deposition is a source of nutrients to both the IRL 
itself, and the land surrounding the IRL, as rain carries nutrients and other pollutants from the 
atmosphere through wet and dry deposition. Five (5) IRL basins have regulatory requirements to 
address pollutant load reductions. There are adopted TN and Total Phosphorus (TP) TMDLs with 
associated BMAPs for the Banana River Lagoon, North IRL, Central IRL and St. Lucie Estuary. The 
Mosquito Lagoon has adopted a Reasonable Assurance Plan with a goal of meeting critical water quality 
goals within 15 years. Through these programs, traditional and innovative BMPs are implemented to 
improve water quality conditions in the IRL. Common BMPs include  LID, green stormwater 
infrastructure, Advanced Wastewater Treatment, nutrient-reducing OSTDS, environmental dredging to 
remove legacy loads, and educational efforts.  
KEY FINDINGS  

STATUS 

Wastewater 

• OSTDS are prevalent in the IRL watershed with over 166,000 systems identified in the parcel 
data. Of these, over 15% are considered high-risk for pollution based on their proximity to 
receiving waters and soil porosity.  

• Wastewater treatment facilities can potentially offer the highest level of treatment, while also 
providing reclaimed water to meet some community needs.  

• Efforts are underway throughout the watershed to upgrade existing WWTF to AWT as well as to 
address priority septic systems through septic to sewer conversions or retrofits to nutrient-
reducing systems.  

Stormwater 
• Stormwater runoff volume and velocity has greatly increased due to urbanization and the 

associated expansion of impervious surfaces. 
• Existing stormwater infrastructure is becoming overburdened, as increased precipitation, and 

rising sea and groundwater levels compromise stormwater detention areas and submerge 
stormwater inlets and outfalls. 

• All levels of government are working cooperatively to reduce stormwater pollutant loads to the 
IRL through TMDL, BMAP, and RAP implementation.  

Atmospheric Deposition 
• Atmospheric deposition of TN and TP is an emerging issue for the IRL; however, it is difficult to 

fully assess the impact of atmospheric deposition in the lagoon as the process by which air 
pollution is transferred to water bodies is a complex part of the biogeochemical cycle and can be 
either direct or indirect.  

• Atmospheric deposition is estimated to contribute around 16% of TN and 3% of TP to the lagoon 
watershed (TetraTech, 2024).  
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Other Sources of Pollution 
• Fertilizers, pesticides, herbicides, micro-plastics, and emerging contaminants are being 

investigated to determine their long-term impacts on the IRL ecosystem and water quality.  
• PFAS/PFOA chemicals, known to have lasting health impacts on both humans and the 

environment, have been detected within the watershed. 
TRENDS 

Wastewater 

• WWTF discharges are no longer the largest contributor of nutrient loading to the IRL. Due to 
regulatory changes, instead of directly discharging wastewater into the IRL, wastewater 
discharges are going to wetlands, deep well injection, and creeks or being reused for irrigation. 
Reclaimed irrigation water can pollute groundwater if the wastewater effluent nutrient 
concentrations are high.   

• Florida’s Clean Waterways Act of 2020 placed tighter restrictions on wastewater discharges to 
the IRL during heavy rain events, requiring plans for I&I, and increasing the penalty for discharge 
violations.  

• FDEP determined that all BMAP basins in the IRL are required to complete a WWTF/OSTDS 
Remediation Plan because together they contribute more than 20% of the TN loading in the 
basin.  

• OSTDS pollution is a major contributor to nutrient loading in the IRL through baseflow. Programs 
to identify, prioritize, and plan to address high-risk OSTDS are underway in many communities. 
Future planning horizons should consider the 2040 and 2070 sea-level rise scenarios and 
impacts to groundwater levels.  

Stormwater 
• Stakeholders within all BMAP areas in the IRL watershed have increased the number and 

efficiency of stormwater best management practices (BMPs) that reduce pollution and mitigate 
flooding. 

• Stormwater managers are implementing innovative BMPs that utilize green stormwater 
infrastructure that not only improve water quality and reduce flooding impacts, but also provide 
a host of ecosystem services by mimicking natural processes.  

• In 2023 Florida officials announced nearly $20 million of funding to be allocated for stormwater 
projects along the IRL, in addition to $255 million that the state had already invested towards 
protecting the IRL. 

• Climate change is expected to increase the intensity and frequency of storms, resulting in more 
freshwater and pollutants entering the IRL through stormwater runoff and compromising the 
existing stormwater infrastructure.  

Atmospheric Deposition  
• Atmospheric deposition of TN has declined across the IRL from 2002 to 2020. Annual deposition 

ranged from 6-8 kg-TN/ha.  
• Nutrients transported via atmospheric deposition have the potential to be transported to the 

lagoon as runoff, therefore stormwater management projects must consider the inputs of 
nutrients from atmospheric deposition. 

• As technology advances, a bigger picture of the full impacts of atmospheric deposition will 
emerge, allowing for a better understanding of the pathway of pollutants and mitigation 
strategies. 
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INTRODUCTION 

The pathway through which pollution enters the environment is described as either point source or nonpoint 
source. Point sources are what people typically picture when thinking about water and air pollution. Stacks 
emitting smoke into the air or a pipe discharging liquid into a waterbody are examples of point sources. Nonpoint 
source pollution is the aggregate accumulation of pollution that enters the air or water from many different 
sources. For example, the air pollution that comes from thousands of vehicles in a city or the stormwater that flows 
from a community into a water body. nonpoint sources are the largest sources of pollution in our waterways 
(USEPA, 2023).  

Nonpoint source water pollution enters the IRL through surface and groundwaters and through stormwater and 
wastewater infrastructure. Canals dug to drain areas of the landscape for human occupation and agriculture lower 
the groundwater by discharging it into channels that eventually discharge into coastal estuaries. In addition, urban 
drainage to prevent flooding uses a sophisticated system of impervious gradients, channels, ditches, and pipes that 
drain billions of gallons of polluted stormwater to the IRL with every rain event. Pollutants also enter the IRL 
through groundwater seepage from surficial, intermediate or Floridan aquifers and from atmospheric deposition 
(Pandit & El-Khazen, 1990; Martin et al., 2002; Belanger et al., 2007; Martin et al., 2007). 

Nutrient pollution is the most serious problem facing coastal waters in Florida and throughout the world (Boyd, 
1993; Badruzzaman et al., 2012). Excess nutrients cause hyper-eutrophication, harmful algal blooms, hypoxic 
“dead” zones, fish kills, shellfish poisoning, loss of seagrass, and human health problems (Howarth, 2008). During 
hyper-eutrophication, excess nutrients entering the system, effectively speeding the natural process of siltation by 
fueling the growth of algal and plant species that die and decay to form detritus. As the ecosystem becomes 
overburdened, the buffering capacity of sediments is diminished and nutrients may no longer be sequestered.  
Under the right conditions, unassimilated nutrients are re-released from sediments into the water column where 
they act as  an internal source of nutrient pollution. As the ecosystem becomes hyper-eutrophic, plankton and 
phytoplankton become more prevalent in the water column, blocking out sunlight needed to grow seagrass. 
Eventually, the system changes from seagrass being the foundation of the ecosystem to macro-algae becoming the 
foundation, altering ecosystem functions, services, and dynamics (Badruzzaman et al., 2012; Lapointe et al., 2015; 
Sigua & Tweedale, 2003).  

Historically, pollution prevention efforts and regulatory actions focused on reducing point source discharges from 
industries,  and wastewater treatment plants. The challenge more recently has been to reduce the amount of 
nonpoint source pollution reaching coastal waters. To address the challenge of nonpoint source pollution, the 
United States Environmental Protection Agency (USEPA) Clean Water Act requires that water bodies are evaluated 
to determine if they meet water quality standards. Those they do not  are defined as “impaired.” At that point, 
regional stakeholders within the watershed must comply with a regulatory program to reduce pollution. The 
regulatory program defines the Total Maximum Daily Load (TMDL) of the identified pollutant and requires that 
regional stakeholders work cooperatively to meet the established load reduction targets. Most of the IRL has 
already been listed as impaired for the nutrients nitrogen (N) and phosphorus (P), and research, monitoring and 
modeling have been dedicated to understanding sources and implementing strategies to reduce N and P.  

Pollutant loads to the IRL come from multiple external sources, which can then settle into sediments and other 
nutrient sinks, becoming an internal source of nutrients into the water column (TetraTech, 2024). External sources 
include nonpoint source pollution carried by stormwater runoff, groundwater baseflow, or atmospheric deposition 
as well as those permitting point source discharges. Table 1 and Table 2 summarize the nutrient sources that 
contribute to the IRL basins of Brevard County (Mosquito Lagoon, Banana River Lagoon [BRL], North IRL, and 
Central IRL), and how many pounds per year (lbs/yr) of Total Nitrogen (TN) and Total Phosphorus (TP) they 
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contribute (TetraTech, 2024). Annually, the internal loading of nitrogen from muck (aka muck flux) makes up the 
largest portion (35%) of the TN loading to the three basins (Figure 1). The next largest N contributor (26% of 
loads) is from groundwater (baseflow) which includes nutrients from septic systems, leaking sewer lines, fertilizer 
leachate, reclaimed water, and other sources. Stormwater runoff and atmospheric deposition contribute 22% and 
16% of TN to the three basins, respectively. Point sources account for just 1% of TN.  

The distribution of TP sources was also estimated in Brevard County (Figure 2). Groundwater/ baseflow was the 
largest contributor of TP to the three basins (36%), followed by stormwater runoff (31%), muck flux (28%), 
atmospheric deposition (3%) and point sources(1%). Plans are underway in other counties within the IRL 
watershed to evaluate these sources of nutrient pollution and their impact on water quality within their area. 

 

Table 1. Total Nitrogen loading from different sources in each IRL basin of Brevard County. Data source: TetraTech 

(2024). 

Source 
BRL TN 

(lbs/yr) 

North IRL 

TN 

(lbs/yr) 

Central 

IRL TN 

(lbs/yr) 

Total TN 

(lbs/yr) 

Stormwater Runoff 119,923 328,047 279,351 727,321 

Groundwater nutrients from septic systems, leaking sewers, 
reclaimed water, fertilizer leachate, etc.. 

164,225 344,111 370,129 878,465 

Atmospheric Deposition 175,388 301,977 49,456 526,821 

Point Sources 17,484 14,711 0 32,195 

Muck Flux 799,482 313,294 53,280 1,166,056 

 

Table 2. Total Phosphorus loading from different sources in each IRL basin of Brevard County. Data source: TetraTech 

(2024). 

Source 
BRL TP 

(lbs/yr) 

North IRL 

TP 

(lbs/yr) 

Central IRL 

TP (lbs/yr) 
Total TP 

(lbs/yr) 

Stormwater Runoff 15,064 45,423 43,193 103,680 

Groundwater nutrients from septic systems, leaking sewers, 
reclaimed water, fertilizer leachate, etc.. 

22,613 47,383 50,966 120,962 

Atmospheric Deposition 3,222 5,505 892 9,619 

Point Sources 3,370 1,029 0 4,399 

Muck Flux 50,778 31,007 13,050 94,835 
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Figure 1. TN loading from pollution sources to the IRL within Brevard County. Data source: TetraTech (2024). 

 

 

 

Figure 2. TP loading from pollution sources to the IRL within Brevard County. Data source: TetraTech (2024). 
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WASTEWATER 

Wastewater enters the IRL through both point and nonpoint sources, contributing nutrients, fecal bacteria, and 
other contaminants (Herren et al., 2021; Lapointe et al., 2012; Lapointe et al., 2015, Lapointe et al., 2017; Barile, 
2018). Nonpoint sources of wastewater pollution include reclaimed wastewater used for irrigation, septic tanks, 
and sanitary sewer line leaks, breaks, and overflows. Point sources include permitted discharges from existing 
Wastewater Treatment Facilities (WWTFs).  

Research has shown that human wastewater is a major source of excess nutrients that cause harmful algal blooms 
and eutrophication (Lapointe et al., 2023). However, nutrients aren’t the only pollutants entering waterways 
through the waste stream. There is growing evidence that other contaminants like fecal bacteria, pharmaceuticals, 
and other emerging contaminants are also entering surface waters from wastewater discharges and groundwater 
polluted by septic tanks (Barile, 2018; Herren et al., 2021; Verhougstraete et al., 2015; Clara et al., 2008).  

In 1990, the Indian River Lagoon System and Basin Act (IRLSBA) was passed into Chapter 90-262, Laws of Florida, 
to help protect the IRL System from discharges from WWTFs and the improper use of septic tanks. The act 
established the following three objectives for domestic wastewater facilities in the IRL watershed and a timeline 
for implementation by 1996: 

1. Eliminate surface water discharges, 
2. Investigate feasibility of reuse, and 
3. Centralize wastewater collection and treatment facilities 
 
As part of the IRLSBA, emergency wastewater discharges were permitted during severe rain events, when 
wastewater infiltration and inflow (I&I) occurs and WWTFs are overburdened with water that must be released to 
avoid backing up sewage into homes.  

Onsite Sewage Treatment and Disposal Systems (OSTDS) 
Residential septic systems also known as Onsite Sewage Treatment and Disposal Systems (OSTDS) are made up of 
a septic tank and drain field that act as a household two-step wastewater treatment system. The septic tank itself is 
where wastewater solids settle out of solution and are treated by bacteria. The nutrient-rich liquid effluent that 
comes out of the septic tank goes into a drainfield of perforated pipes that slowly spread it out over an area to soak 
into the soil where bacteria can break down the nutrients. Efficient nutrient removal requires adequate soil 
organic matter and storage time. In the IRL watershed, soils are sandy and lack organic matter so providing little 
time and ability for bacterial assimilation. To exacerbate the problem further, groundwater is relatively high, and, 
in some cases, septic tanks are sited in groundwater with drainfields submerged. Without adequate treatment, the 
OSTDS effluent can contain elevated levels of nitrogen and phosphorus, fecal bacteria, pharmaceuticals, and other 
potential human hazards that leach into groundwater (Bicki et al., 1984; Woodward-Clyde, 1994).  

The negative impacts of OSTDS within the IRL watershed have been well documented (Barile, 2018; Herren et al., 
2021; Lapointe & Krupa, 1995; Lapointe et al., 2015; Lapointe et al., 2017). Although OSTDS loading contributions 
for the entire IRL watershed have not been estimated, the Florida Department of Environmental Protection (FDEP) 
determined that greater than 20% of TN loading to the four Basin Management Action Plan (BMAP) areas is from 
OSTDS/WWTF sources, requiring these sources to be included in the BMAP as required by the Clean Waterways 
Act. With this call for remediation, it has become increasingly more important to consider how different factors 
impact loading from OSTDS. Brevard County is spearheading efforts to determine TN loading from OSTDS within 
the BRL, North IRL and Central IRL areas of the County (AEI, 2022a). These finding are consistent with others who 
have reported that septic tank polluting potential is dependent on physical and structural characteristics such as 
the separation distance between the septic system and the groundwater, length and velocity of flow path, soil 
conductance, and proximity to surface waters (Hoghooghi et al., 2021; Cox et al., 2020; Ye et al., 2017; 
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Sayemuzzaman & Ye, 2015). Research by Sayemuzzaman and Ye (2015) found that nitrogen loading from septic 
systems was most influenced by the length of the flow path (distance to receiving water) and the flow velocity with 
some influence by soil drainage conditions.  

STORMWATER 

It has been well-established that expanding urbanization has significant impacts on the hydrology of an area by 
increasing the volume of overland stormwater flows and decreasing the natural infiltration of rain. The amount of 
stormwater flowing off the land depends on the land use within the watershed area, specifically the percentage of 
impervious cover. Impervious cover has increased throughout the IRL watershed over the last several decades. 
However, historically, the IRL watershed land cover was dominated by wetland and deepwater habitats, covering 
as much as 84% of mainland St. Lucie County in the 1850’s (Lawlor et al., 2023). Rainfall in developed urban, 
suburban, and commercial areas has little chance to percolate into soils, instead flowing through a series of 
connected impervious surfaces from rooftops to driveways and sidewalks, roads and parking lots, into storm 
drains and down pipes that discharge untreated into receiving waterbodies. Pollutants such as excess nutrients 
from fertilizers, oils, suspended solids, and trace metals are carried by stormwater runoff and contribute 
significantly to the deterioration of surrounding waterbodies (Müller et al., 2020, Trefry & Fox, 2021).  

State Legislation dictates that Florida’s water resources are managed by the state at a regional level. Florida’s five 
water management districts (WMDs) (Northwest Florida Water Management District, Suwannee River Water 
Management District, Southwest Florida Water Management District, St. Johns River Water Management District, 
and South Florida Water Management District) are responsible for the administration of water resources at the 
regional level as supervised by the FDEP. The FDEP has oversight of stormwater management and implements the 
regulatory requirements for discharges to state waters. Ultimately, the state works to address the Federal Clean 
Water Act requirements that are administered by the USEPA, including the TMDL program.  

Total Maximum Daily Loads (TMDLs) 
A TMDL is the maximum amount of a defined pollutant (like nutrients or bacteria) that is permitted to enter a 
waterbody at a level that will allow the waterbody to meet water quality standards. A TMDL determines a pollutant 
reduction target and allocates load reductions in number of pounds/year (lbs/yr) of pollutant load reduction or as 
a target concentration for the given impairment (USEPA). The FDEP adopted TMDLs for TN and TP in 2009 for the 
four regulatory segments of the Lagoon (Banana River Lagon, North IRL, Central IRL and St. Lucie Estuary). In 
some instances, where there are impaired waters and pollutant control programs in place, FDEP and USEPA have 
established a Reasonable Assurance Plan (RAP) instead of a TMDL. The Mosquito Lagoon RAP was adopted by 
Secretarial Order in September 2019, with the goal of restoring water quality in Mosquito Lagoon within 15 years 
(Mosquito Lagoon Reasonable Assurance Plan, 2019). The RAP includes descriptions of the concentration and 
load-based targets that are to be achieved through a combination of stormwater retrofit projects, septic to sewer 
conversions, and public outreach and education. Figure 3 depicts a map of the IRL TMDL and RAP boundaries and 
associated Water Body IDs (WBIDs). 



THE STATE OF THE INDIAN RIVER LAGOON TECHNICAL REPORT 
CHAPTER 2: POLLUTION PRESSURES 

13 | P a g e  

 

Figure 3. IRL TMDL and RAP boundaries and WBIDs. 
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Basin Management Action Plans (BMAPs) 
After TMDLs are adopted, the FDEP works with local community stakeholders to develop BMAPs to prioritize 
projects and track progress towards meeting TMDL targets. BMAPs have been adopted in each of the IRL basins 
with TMDLs. Each BMAP outlines management strategies and allocates load reductions credits to stakeholders for 
completing beneficial projects. For permitted stormwater and point source discharges, these allocations count 
toward National Pollutant Discharge Elimination System (NPDES) permit compliance.  
 
Particular pollution reduction strategies, including engineered solutions for stormwater and wastewater  and 
educational programs are referred to as Best Management Practices (BMPs). Stormwater managers utilize a wide 
variety of BMPs to reduce pollution loading to collecting waterways. Many stormwater BMPs are engineered 
solutions to manage peak stormwater volumes, mitigate flooding, and reduce pollution. Historically, retention 
ponds have been the primary stormwater BMP, however, recent studies (Taguchi et al., 2020; Yazdi et al., 2021) 
have found that retention ponds are inefficient at removing nutrients, particularly dissolved nitrogen. In fact, one 
study found that retention ponds actually increased the dissolved nitrogen concentrations measured at the pond 
outfall (Yazdi et al., 2021).  

In response, the FDEP, local stormwater managers, and engineers are testing and implementing innovative 
stormwater BMPs, often placing several together in a series of  “treatment trains” to maximize pollution reduction 
and improve storage capacity. New Low Impact Development (LID) and Green Infrastructure BMPs are being 
utilized to encourage capturing rainwater on site and allowing it to filter into the ground, thereby reducing 
stormwater volume in advance. These and other stormwater BMPs are evaluated and tracked as part of the BMAP 
process. BMP projects and the estimated pollutant load reductions are included in the FDEP Statewide Annual 
Report (STAR) to track estimated pollution reductions for TMDLs, BMAPs, and Minimum Flows and Levels (MFLs). 
An analysis of local stormwater project types is discussed in more detail later in this document. 

ATMOSPHERIC DEPOSITION 

Atmospheric deposition refers to the transport of gases and particles from the atmosphere to land and waters 
through dry or wet deposition. Dry deposition is the process by which atmospheric trace gases and particulate 
matter fall directly to the Earth’s surface, whereas wet deposition refers to the process in which pollutants mix 
with water in the atmosphere and are deposited as rain, sleet, snow, or fog (World Meteorological Organization, 
2022). The process cleans the air and provides nutrients to plants, but also deposits sulfur, heavy metals, excess 
nutrients, and other pollutants that contribute to acidification and eutrophication of ecosystems (Pacyna, 2008). 
Sources of atmospheric deposition include emissions from power plants, heavy metals from vehicle fuel 
combustion and industrial or agricultural processes (Paerl et al., 2002).  

Atmospheric deposition of N and P is thought to contribute to nutrient enrichment in the IRL. Sigua and Tweedale 
(2003) estimated that 72,620 lbs. of TN and 1,817 lbs. of TP enter the IRL every year through atmospheric 
deposition. Mercury also rains down from the atmosphere at a weekly rate of 500-700 ngm−2 during the summer 
rainy season and 150-250 ngm−2 during the winter dry season (Fulkerson & Nnadi, 2006). It is difficult to fully 
account for the impacts of atmospheric deposition on the IRL ecosystem, as the pathway by which air pollution is 
transferred to waterbodies is a complex part of the biogeochemical cycle and there are technical challenges 
associated with measuring certain species of nitrogen (von Bobrutzki et al., 2010; Wright et al., 2018) 
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INTERNAL SOURCE OR “LEGACY LOADS” 

The term “Legacy Load” describes sources of pollution that remain trapped in the ecosystem over time, typically 
bound up in sediments or biological organisms before being released under the right conditions. For example, 
fertilizer applied to crops or lawns can be retained in the soil for decades before finally releasing nutrients to the 
groundwater (Sebilo et al., 2013; Khare et al., 2021). These legacy loads are considered internal sources of 
pollution and in the IRL, the legacy load of accumulated benthic sediment known as “muck” is contributing high 
nutrient levels to the water column. Muck is an organic-rich layer of very fine sediments and biogenic detritus 
found in some areas of the IRL. These sediments are not a natural component of the IRL bottom, but rather an 
external input stemming from poor soil retention carried into the lagoon through natural and man-made systems 
(Trefry et al., 1990; Trefry et al., 2007; Foster et al., 2018).  

Muck is composed primarily of water (75%) and fine sediments that are 10–30% organic matter (OM) and >60% 
silt and clay (Trefry et al., 2007; Foster et al., 2018). Muck is easily disturbed by wave action and resuspended in 
the water column and where thick deposits occur, can block light from reaching the bottom. As bacteria decompose 
muck organics, oxygen is consumed and hydrogen sulfide (H2S) gas is released, creating an inhospitable benthic 
environment with a dearth of biota. Muck also continually releases (fluxes) dissolved N as ammonium (NH4+) and 
dissolved phosphorus as phosphate (PO43-). A study in Turkey Creek, a tributary to the IRL, found that the muck in 
a 76,000 m2 area was fluxing as much as 7.4 tons N/yr and 1.7 tons P/yr (Fox & Trefry, 2018).  

Within the IRL, muck  deposits shift position on the bottom, propelled by wave action until it reaches areas of low 
wave energy or gets trapped in deep depressions, dredge pits, or channels. Foster et al. (2018) used acoustic 
detection methods to locate significant muck deposits (>0.5 m thick) within the IRL. In the 283 km2 surveyed area 
of the IRL which excluded the Mosquito Lagoon and the Intercoastal Waterway (ICW), they found 23 significant 
muck deposits containing an estimated 1.87 million m3 of muck. Within the 110-km long ICW, they estimated 
another 5.31 million m3 of muck was deposited. The total estimated 7,180,000 m3 of muck equals 1,896,755,339 
gallons, enough to fill over 2,800 Olympic-sized swimming pools. Consistent with the findings of others, most of the 
significant muck deposits were found downstream of manmade or natural discharge sites including the Banana 
Creek, Moore Creek, two Cape Canaveral Power Plants, Eau Gallie River, and Crane Creek. The thickness of muck in 
the 23 significant deposits ranged from 1.59 to 4.11 m and averaged 2.6 m. The mean muck thickness in the ICW 
differed significantly in the IRL (µ = 0.51 m) compared to the Banana River, which was nearly triple (µ = 1.22 m). 

OTHER SOURCES OF POLLUTION 

Fertilizers 
A statewide study by Badruzzaman et al. (2012), estimated that fertilizer was the largest contributor of TN to 
Florida’s waterways (71%), followed by septic systems (19%), reclaimed irrigation (7%) and atmospheric 
deposition (4%). In Brevard County, fertilizer contributes approximately 81,700 lbs TN and 4,200 lbs TP to IRL 
loading every year (TetraTech, 2024). Considering the high benefit and perceived low cost of adopting fertilizer 
regulations, the State of Florida initiated the Consumer Fertilizer Task Force to investigate fertilizer controls and 
develop model regulatory language. As part of that process, a statewide draft “Florida-friendly Fertilizer use on 
Urban Landscapes” model ordinance was introduced based on University of Florida Institute of Food and 
Agricultural Sciences (UF/IFAS) research and the Florida Yards and Neighborhoods program. The model ordinance 
provided minimum N application rates to ensure turf health; recommended that no P be applied unless soil tests 
confirm it is needed; and established fertilizer free zones around environmentally sensitive areas and water 
bodies. Local governments with verified impaired waters were able to adopt the language of the ordinance as 
written or demonstrate the need to adopt stronger language.  
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Many counties added language to codify the UF/IFAS Florida Yards and Neighborhoods recommendation to never 
apply fertilizer before a heavy rain event. To make that recommendation more understandable and enforceable, a 
rainy season restriction was defined that did not allow the application of highly soluble nitrogen fertilizers to the 
lawn from June 1 to September 30 or similar rainy season. Counties that adopted the model ordinance were 
provided a small TMDL credit. All of the counties bordering the Lagoon and nearly all cities adjacent to the IRL 
have adopted the stronger model ordinance that includes the rainy season restriction. Additionally, the ordinances 
require training for all commercial fertilizer applicators. A list of county fertilizer ordinances can be found here.  

Metals 
Metals enter the IRL through surface and groundwater discharges, atmospheric deposition of industrial and 
automobile emissions, wastewater discharges, dental amalgams, landfills, as well as from boat paints and anti-
algae products used in ponds that overflow into the lagoon. Metals readily bind to sediments where they can act as 
an internal source of dissolved metals.  

A comprehensive study by Trefry and Trocine (2011) examined concentrations of fourteen different metals: silver 
(Ag), aluminum (Al), arsenic (As), cadmium (Cd), chromium (Cr), copper (Cu), iron (Fe), mercury (Hg), nickel (Ni), 
lead (Pb), selenium (Se), tin (Sn), vanadium (V) and zinc (Zn) in IRL sediments and clams in 1992 and again in 
2006-2007. In IRL sediments, they found concentrations of four (4) metals (Cr, Ni, Se and V) remained static or 
were below background levels. They found that concentrations of 5 metals (Ag, Cu, Hg, Pb and Sn) were above 
background values and that there was an increasing number of sites with elevated levels of Cu, Hg and Pb, with the 
highest concentrations found near urban areas, harbors, and marinas. There were no significant differences in the 
average concentrations of Cd and Zn in sediments between 1992 and 2006–2007. Over the same time period, the 
research found no change in the metal concentrations in clams for 3 metals (Ag, Cd and Zn), that concentrations of 
Cu and Pb had decreased, and concentrations increased for 4 metals (As, Hg, Se and V). The researchers concluded 
that IRL sediments and clams are not highly contaminated with toxic metals because the surrounding area is not 
heavily industrialized and tributary creeks trap a sizeable amount of incoming sediment with adsorbed metals. 

Polyfluoroalkyl Substances (PFAS) 
Polyfluoroalkyl substances (PFAS) are a group of chemicals with unique properties that make them useful fire 
retardants. They have been used in paper, leather and textile coatings, fire-fighting foams, and a variety of 
consumer products since the 1950s (Kissa, 2001). Recently PFAS chemicals have been the focus of scientific and 
political discussions due to their toxicity to humans. Exposure to PFAS has been associated with human endocrine 
disruption (Biegel et al., 1995; Di Nisio et al., 2020; Kar et al., 2017), immunosuppression (DeWitt et al., 2009; 
Grandjean et al., 2012), cancer (Barry et al., 2013; Xu et al., 2020), and obesity (Braun et al., 2016). PFAS is also 
known to cause diseases in dolphins (Bossart et al., 2003; Reif et al., 2008). Due to their ubiquitous nature, 
enhanced mobility, and resistance to degradation, these compounds are highly persistent in the environment and 
can impact ecosystems that are distant from the source of contamination (Möller et al., 2010). The most persistent 
compounds from this group of chemicals are perfluorooctanoic acid (PFOA) and perfluorooctane sulphonate 
(PFOS), which have been found in the effluent of WWTFs and in industrial wastewaters (Clara et al., 2008). PFOS is 
resistant to degradation, allowing it to accumulate in the environment (Pierpaoli et al., 2021) and bio magnify in 
tissues (Dennis et al., 2020).

https://befloridiannow.org/fertilizer-ordinances/
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METHODS 

WASTEWATER 

State, county, and municipal parcel data were used to identify the number of OSTDS that are found within 
the IRL watershed and identify how many of these OSTDS constitute high-risk systems. In addition, an 
analysis was conducted examining nutrient loading from septic tanks by comparing two septic and sewer 
communities that border the IRL. 

Onsite Septic Treatment and Disposal System (OSTDS) 
OSTDS Data were collected from each relevant state, county, and municipal government office for the seven 
counties within the boundaries of the IRL watershed. A list of those that provided information and 
Geographic Information Systems (GIS) data is shown in Table 3.  

Table 3. List of data providers for the Onsite Septic Treatment and Disposal System analysis. 

List of Data Providers for Septic System Locations 

Florida Department of 
Health (FDOH) 

Volusia County City of Port St. Lucie Town of Jupiter Island 

Florida Water 
Management Inventory 
(FLWMI) 

Volusia County 
Department of Health 

City of South Daytona 
Town of Ocean Breeze 
Park 

Loxahatchee River 
District 

City of Edgewater City of Vero Beach Town of Sewalls Point 

Brevard County/AEI City of Fellsmere 
Town of Indian River 
Shores 

Village of St. Lucie 

Martin County 
City of New Smyrna 
Beach 

Town of Jupiter Inlet 
Colony 

 

 

GIS parcel data received from the various counties and municipalities was reviewed and incorporated into 
a universal GIS dataset. Only parcels listed as having a “known” or “likely” OSTDS were included. Parcels 
that were duplicated within the different datasets were checked for consistency and the parcel with the 
most recent and accurate data was retained.  

The dataset compiled from county and municipal data was then compared to Florida’s Water Management 
Inventory (FLWMI) dataset to determine if all parcels listed as having a “known’ or “likely” septic system 
were accounted for in the FLWMI data. The FLWMI data that was consistent with the county and municipal 
data was retained, while parcels that were not consistent between the datasets were updated to reflect the 
most recent data available. Since the data did not specify the exact location of the septic system on each 
parcel, the parcel centroids were used to display and aggregate the data within each IRL basin. Based on 
the data provided, summary statistics were then calculated to determine the number and density of septic 
systems located within each basin.  
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High Risk Onsite Sewage Treatment and Disposal System Analysis 
The goal of this analysis was to identify high risk septic systems that are likely contributing the most 
pollutant loading to the IRL based on their proximity to waterways and surrounding soil type. To 
accomplish this analysis, the FLWMI dataset was used to locate and calculate a distance to water for each 
OSTDS in the watershed. Soil data obtained from the Natural Resources Conservation Service’s Soil Survey 
Geographic Database (SSURGO); were processed to calculate both a weighted porosity and a weighted 
hydrologic conductivity value for each soil type (Wang et al., 2014).  

Calculating the distance between each OSTDS in the FLWMI dataset required a complete spatial dataset of 
surface water bodies in the IRL watershed. Spatial data from the National Hydrology Dataset (NHD), the St. 
Johns River Water Management District (SJRWMD) and the South Florida Water Management District 
(SFWMD) was used. Waterbodies from the two WMD Florida Land Use and Cover Classification System 
(FLUCCS) datasets were compared to the NHD data layer and merged into one. Water features that were 
missing from the NHD layer but present in the WMD layers were merged into a comprehensive dataset. All 
waterbodies classified as reservoirs/retention ponds in the dataset were removed. This was done because 
their primary purpose is to hold and filter water, removing excess nutrients prior to entering the 
watershed.  

Soil porosity is a measure of the pore spaces, or voids, which are present in the soil and is represented by a 
value between 0 and 1 (or as a percentage). It defines the fraction of the void volume over the total volume, 
with larger values indicating more porosity and hence more space for water to move through the soil. 
Sandy soils, made up of coarser/larger particles, have increased porosity, allowing water to move more 
freely through the pores. Clay or silty soils, which are made up of finer grained materials, tend to have high 
water retention and inhibit the movement of water.  

Saturated Hydrologic Conductivity (Ksat) refers to the ease with which water can move through pores in 
saturated soils. Ksat has several different parameters in the SSURGO dataset which include Ksat respective, 
Ksat low, and Ksat high values (low and high are used as parameter ranges for model calibration). Ksat 
respective values denote an average or “expected” hydrologic conductivity rate for the soil type and was 
used as the third model parameter, along with distance and porosity, in determining if a septic system is 
considered “high-risk”. Both porosity and Ksat values were weighted by multiplying their respective values 
by a weighting factor. This weighting factor was based on the soil type (i.e., sand, clay, silt) that made up the 
highest percent composition of the soil types present within each mapping unit (polygon) and were based 
on the soil horizon layer situated just above the effective water table that represents the saturated zone. A 
GIS model was run to locate the high-risk OSTDS in each IRL basin using the following parameters: 

 Distance to water:   ≤ 100 meters 

 Porosity Values:    ≥ 0.25  

 Hydrologic Conductivity (Ksat): > 6 m/day 

 

Nutrient Loading Research  
To better understand the extent that various residential wastewater treatment types contribute to overall 
nutrient loading and prioritize pollution mitigation strategies, Brevard County investigated groundwater 
nutrient concentrations in residential communities characterized by three different wastewater treatment 
types (septic systems, sanitary sewer, or sanitary sewer with reclaimed irrigation) and compared them 
with natural areas.  
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The study examined the average distance that nutrients traveled from septic system drainfields  in various 
soil types to describe the “fate and transport” of nutrients. This information was used to better prioritize 
communities for wastewater conversions and retrofits and to guide building codes.  . Using a modified 
ArcGIS-Based Nitrate Load Estimation Toolkit (ArcNLET) model (Rios et al., 2011, 2013), Applied Ecology, 
Inc. (AEI, 2022a) modeled nitrogen loading in various mainland and beach communities to identify 
problem areas, advise priorities, and recommend adaptation strategies.  

Wastewater Treatment Facilities Discharge Analysis 
WWTF data for Volusia, Brevard, Indian River, St. Lucie, and Martin Counties for the years 1996 through 
2019 were obtained from FDEP. Data for Palm Beach County was not available for analysis. Data for 
WWTFs within the IRL watershed were extracted and the effluent volume of surface discharges and deep 
well injection were aggregated and summed by each IRL basin. In addition to effluent, reclaimed/reuse 
water generation was also aggregated and summed within each of the IRL basins. 

Sewage Spill Analysis 
Sewage spill data was downloaded from the FDEP website for the available period of record (2017-July 
2024) for the State of Florida. A spatial join was performed to determine the IRL basin corresponding to 
each spill. 

STORMWATER 

Pollutant Loads 
The Spatial Watershed Iterative Loading (SWIL) Model is a custom GIS-based tool developed by AEI that 
was designed with flexible input parameters and large-scale process batching to provide a continuous 
monthly simulation of surface and baseflow runoff into specific areas of the IRL over time. Values are based 
on rainfall amounts and Runoff Coefficients (ROCs) for different land use and soil types. The results provide 
a representation of pollutant loads and freshwater volumes in the designated IRL watershed. The goal of 
the SWIL model is to use input parameters derived from water quality data to create the spatial and 
temporal representations of nutrient loads and volumes, specifically TN and TP (AEI, 2021). These data are 
essential to understanding flows into the IRL system and critical to evaluating pollution load reductions. 
The SWIL model was designed to be updated with current data to act as a foundation for the TMDL and 
BMAP process.  

Best Management Practices (BMPs) 
The 2023 FDEP Statewide Annual Report (STAR) provides a statewide summary of projects implemented 
for TMDL, BMAP, and MFL compliance. The STAR can be explored based on specific waterbodies, 
geographic areas, stakeholders, or projects of interest. Furthermore, the report includes the estimated 
annual TN and TP reductions resulting from projects completed and ongoing within each BMAP basin. 
Project data were summarized for the four BMAP basins within the IRL watershed: BRL, North IRL, Central 
IRL, and St. Lucie Estuary. Projects with status listed as completed and ongoing were included in this 
analysis (Table 4). Projects with status listed as canceled, planned, underway or void were not included.  
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Table 4. BMP Project Status Types. Source: 2023 STAR. 

BMP Project Status Description 

Canceled 
Project or activity was planned but will no longer take place. This includes the 
cessation of ongoing activities. 

Completed Project, activity, or task is finished and is providing water quality benefits.  

Planned Project or activity is conceptual or proposed. 

Underway 
Project or activity has commenced or has been initiated but is not completed 
and is not yet reducing nutrient loads from the treated area. 

Ongoing 
Project or activity which requires action each year to continue providing water 
quality benefits. These projects are typically non-structural and continuous. 

Void 

Project was previously published in the STAR and needed to be removed, but 
where the project itself was not canceled. Projects may be voided for reasons 
including being listed in the wrong BMAP when verified by its latitude and 
longitude, duplicate project listings, BMAP boundary changes, or BMAP model 
updates which put the completion date prior to the earliest eligible date for 
active listing. 

 

ATMOSPHERIC DEPOSITION 

Annual TN atmospheric deposition data were downloaded from two different USEPA databases to better 
understand the current state and trends of atmospheric deposition across the IRL. The USEPA Clean Air 
Status and Trends Network (CASTNET) data included the atmospheric deposition data for the years 2010-
2020 and the USEPA’s Air QUAlity TimE Series Project (EQUATES) data included the years 2002-2017. 
Atmospheric deposition TN values in kilograms per hectare (kg/ha) were extracted by basin groups into a 
multidimensional raster file. Basin groups were modified as follows to meet the resolution of the data. For 
the purposes of analysis, the Mosquito Lagoon, BRL, and North IRL areas were combined as North IRL, and 
the St. Lucie Estuary and South IRL were combined as South IRL. The Halifax River and Central IRL were 
unchanged. A time series graph and maps were created for the earliest and latest years of TN deposition. 

OTHER POLLUTANTS 

Metals 
Total and dissolved metal data from 2013-2021 were received from the SJRWMD and plotted over time to 
show average total and dissolved Pb and Cu in each sublagoon.  
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RESULTS 

WASTEWATER 

Onsite Sewage Treatment and Disposal Analysis 
After merging and analyzing the state, county, and municipal parcel datasets a total of 166,742 OSTDS were 
identified within the IRL watershed (Table 5). The largest number of OSTDS were found in the Central IRL 
basin, which had 74,621 systems, followed by the St. Lucie Basin with 49,335. These two basins alone 
account for 74% of the OSTDS found within the IRL watershed. The number of OSTDS found with this 
method, differs dramatically from the number estimated by Lapointe et al. (2015) who may have relied on 
the Department of Health Florida Water Management Inventory for county-wide records instead of 
focusing only on those within the watershed boundaries.  

 

Table 5. Number of OSTDS within each basin of the IRL watershed. 

IRL Basin Number of OSTDS 

Halifax River 14,105 

Mosquito Lagoon 3,129 

Banana River Lagoon 3,182 

North IRL 15,962 

Central IRL 74,621 

St. Lucie 49,335 

South IRL 4,882 

Loxahatchee River 1,526 

Total OSTDS 166,742 

 

Of the basins that make up the remaining 26%, the Halifax River had 14,105 and the North IRL had 15,962 
onsite septic systems. Just over 7.5% were found in the four smaller basins, all of which are either fully or 
primarily made up of the barrier and lagoon islands. A breakdown of the percentages of OSTDS in each basin 
is shown in Figure 4. The locations of OSTDS system within each IRL basin are shown in Figure 5. 
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Figure 4. OSTDS in each basin of the IRL by percentage of the total number (166,742). 
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Figure 5. Locations of OSTDS in the IRL watershed within each basin. 
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High-Risk Onsite Sewage Treatment and Disposal Analysis 
 Of the 166,742 OSTDS that were identified in the IRL watershed, a total of 15.8%, or 26,365 were 
determined to be “high-risk” systems based on the model parameters (Table 6). These are septic systems 
that are sited within 100 meters of a waterbody or waterway; were installed in porous soils with high 
saturated hydrologic conductivity. In soils of this type,  water can travel a distance of at least 6 meters a 
day. Given the low elevations and shallow water tables found around the IRL watershed, effluents from 
these septic systems could potentially enter the water table within a day of release.  

 

Table 6. Total number of OSTDS and “high-risk” OSTDS in each IRL basin.  

IRL Basin 
Number of 

OSTDS 
Number of High-

Risk OSTDS 

Percentage of 

OSTDS that are 

High-Risk 

Halifax River 14,105 2,294 16% 

Mosquito Lagoon 3,129 1,215 39% 

Banana River Lagoon 3,182 1,423 45% 

North IRL 15,962 4,275 27% 

Central IRL 74,621 10,288 14% 

St. Lucie 49,335 5,580 11% 

South IRL 4,882 12,89 26% 

Loxahatchee River 1,526 1 0.1% 

Totals 166,742 26,365 16% 

 

The highest number of high-risk OSTDS were found to be in the Central IRL which had 10,288; nearly 
double that of any other basin, making up about 14% of the total number of high-risk systems in the IRL 
watershed. The St. Lucie and North IRL had a similar number of high-risk systems (5,580 and 4,275), 
making up 11% and 27% of the total number of OSTDS, respectively. Nearly half of the OSTDS in the BRL 
were identified as high-risk (1,423). The lowest number of high-risk OSTDS were found in the Loxahatchee 
River basin, with only 1 OSTDS accounting for 0.1% of high-risk systems. 

The three basins that occupy the largest area on the barrier island system had the smallest numbers but the 
highest percentage of high-risk OSTDS. These basins, in descending order, were the BRL (45%), Mosquito 
Lagoon (39%), and the South IRL (26%). Considering the geography, geology, and elevation of these basins, 
the OSTDS have to be located close to water in sandy soils.  
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Figure 6. High-Risk OSTDS in each basin of the IRL by percentage of the total high-risk systems. 
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Figure 7. High-risk OSTDS within each of the IRL watershed basins. 
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Nutrient Loading from Septic Tanks Analysis 

Nitrogen Flow-paths from OSTDS 

Consistent with others (Hoghooghi et al., 2021; Cox et al., 2020; Ye et al., 2017; Sayemuzzaman & Ye, 2015), 
AEI found that soil conductance and proximity to receiving waters were the largest predictors of nitrogen 
loads from OSTDS. The loading potential of any single septic system was highly variable throughout 
Brevard County, with 5 lbs N/yr loading flow paths ranging from over 400 ft (125 m) in beachside 
communities (Figure 8) to flow paths of up to 262 ft (80 m) in areas of Merritt Island (Figure 9) where soil 
conductivity was lower (AEI, 2022a). 

 

Figure 8. ArcNLET model nitrate plume outputs in a Melbourne Beach septic community calibrated with 

measured concentrations. 
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Figure 9. ArcNLET model nitrate plume outputs in Merritt Island septic community calibrated with measured 

concentrations. 

 

Differences in Pollutant Concentrations in Different Community Types 

Results are provided from the Brevard County groundwater study, which consists of residential 
communities that receive various forms of wastewater treatments, including those served by OSTDS, 
sanitary sewer, or sanitary sewer with reclaimed irrigation water (AEI, 2022b). The monthly mean TN 
concentrations varied tremendously from month to month and between treatment types (Figure 10). 
Septic and reclaimed community monthly groundwater TN concentrations were similarly high, ranging 
from 2 mg/L to greater than 6 mg/L. Sewer community concentrations were significantly lower, typically 
measured at between 1 and 2 mg/L. The natural area concentrations were below 1 mg/L. It was not 
surprising that the study found all residential communities had higher TN groundwater concentrations 
than the natural areas. However, it was surprising that communities receiving reclaimed wastewater for 
irrigation had TN concentrations that were higher than communities with OSTDS. This was not the case for 
TP.  
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Figure 10. TN concentrations in communities with different wastewater treatment types (AEI, 2024). 

 

The monthly mean TP concentrations in the sewered, reclaimed, and natural areas varied little and were 
consistently below 0.2 mg/L (Figure 11). The septic tank communities, however, had groundwater TP 
concentrations that, in some case, were nearly five times higher than other communities, ranging from 0.4 
to nearly 0.9 mg/L. It has historically been thought that septic tanks were not a major source of TP loading 
because phosphorus adsorbs to organic matter in soils.  However, the study demonstrated that due to the 
low organic content of sandy soils, coastal areas offer little chance for phosphorus to bind, particularly in 
areas where groundwater is near the surface. The study outcomes helped to guide Brevard County in 
updating septic tank regulations, informing nutrient load contributions, demonstrating nutrient reductions 
from retrofits, and prioritizing WWTF upgrades.  
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Figure 11. TP concentrations in communities with different wastewater treatment types (AEI, 2024). 

 

Wastewater Treatment Facility Discharge Analysis 
WWTF data provided by FDEP for the years 1996-2019 were analyzed to estimate the amount of 
wastewater effluents discharged into the IRL watershed from facilities and through reclaimed water 
irrigation. FDEP classified effluent into four receiving categories 1) Coastal or estuarine waters, 2) Ocean 
outfalls, 3) Other surface waters, and 4) Wetlands. There are a total of 115 domestic wastewater treatment 
facilities, 67 industrial wastewater treatment facilities, and 5 power plant treatment facilities located 
within the IRL watershed (Figure 12).  

Since 1996 the amount of effluent released into the IRL watershed from WWTFs has been significantly 
reduced due to new regulatory standards. The average volume of effluent released into the IRL watershed 
in 1996 was 12.8 million gallons per day (mgd). By 2019, this number dropped to 3.4 mgd, a 75% reduction 
in the volume of daily discharges (Figure 13). Overall, the largest volume of discharged effluent was 
released into the Halifax River basin, which received 64% of annual discharges on average. While 
discharges remained relatively constant in the other basins, effluent discharges in the Halifax River basin 
were reduced 75%. From 1996 to 2019, discharges in the Halifax River basin were reduced from 10.1 mgd 
to 2.5 mgd. The type of water into which effluent was discharged also changed over time (Figure 14). In 
1996, discharges into “other surface waters,” which included all inland waters, made up 64% of the total 
discharge volume (8.2 mgd), with coastal and estuarine water receiving the remainder. By 2019, the 
majority of discharges were into coastal and estuarine waters (2.6 mgd) with the remainder into other 
surface waters.  
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Figure 12. Wastewater treatment facilities in the IRL watershed. 
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Figure 13. Total annual effluent discharge by IRL basin (mgd). 

 

Figure 14. Total annual effluent discharge by receiving area (mgd). 

0 2 4 6 8 10 12 14

1996

1998

2000

2002

2004

2006

2008

2010

2012

2014

2016

2018

mgd

Y
e

a
r

Total Annual Effluent Discharge in the IRL Watershed by Year

Halifax River Mosquito Lagoon Banana River Lagoon

North IRL Central IRL St. Lucie

0 2 4 6 8 10 12 14

1996

1998

2000

2002

2004

2006

2008

2010

2012

2014

2016

2018

mgd

Y
e

a
r

Total Annual Effluent Discharge By Receiving Area

Coastal or Estuarine Waters Ocean Outfall Other Surface Waters Wetlands



THE STATE OF THE INDIAN RIVER LAGOON TECHNICAL REPORT 
CHAPTER 2: POLLUTION PRESSURES 

33 | P a g e  

Discharges into ocean outfalls were just below 1.6 mgd in 1998 (the first year that data was provided). By 
2014 discharges had dropped to less than 0.02 mgd and no longer recorded in the FDEP data. In 2009, the 
first effluent discharges to wetland areas were recorded in the FDEP data with a total of 2.2 mgd being 
diverted. Thereafter, discharge volumes into wetlands varies, from an average annual volume of about 1.14 
mgd from 2009 to 2019 to as low as 0.2 mgd in the years 2017 and 2019.  

Over the same time period, water reclamation/reuse processing in WWTFs steadily increased 145% from 
1996 through 2019 (Figure 15). In 1996, a total of 17.8 mgd of water was processed for reuse in the IRL 
watershed. By 2019, over 43 mgd of reclaimed water was generated by the WWTFs in the IRL. The greatest 
increase occurred in the Halifax River basin, where reclaimed water production rose from 2.9 mgd  to over 
14 mgd. This corresponds to a large decrease in effluent released to surface waters over the same time 
period.  

When comparing volumes of effluent discharges against the amount of water reclaimed by the WWTFs in 
the IRL watershed, it’s apparent that the IRLSBA has made an impact on the amount of effluents that have 
been discharged into the IRL watershed from 1996 to 2019 (Figure 16). 

 

 

Figure 15. Volume of reclaimed wastewater discharged through reuse systems in the IRL basins (mgd). 
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Figure 16. Total annual discharges and water reclamation within the IRL watershed 1996 -2019 (mgd). 
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Sewage Spill Analysis 
In addition to the permitted WWTF effluent discharges occurring in the IRL watershed, effluent, sewage 
spills and overflows are also contributing to nutrient loading. From 2017 through July 2024 the FDEP 
recorded a total of 725 spills in the IRL watershed (Figure 17). Although many of these spills are relatively 
small in volume, some of them have released significant amounts of effluent into the watershed. Most of 
these spills have occurred in the St. Lucie basin, which recorded a total of 242 spills between 2017 and July 
2024 (Table 7). The Central IRL recorded the second highest total number of spills with 117 during this 
time.  

 

Figure 17. Total number of sewage spills in the IRL watershed from 2017-July 2024. 

 

Table 7. Total number of sewage spills from 2017-July 2024 by basin. 
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STORMWATER  

Pollutant Loads 
Results of the SWIL model from 1995-2022 (Figure 18 and Figure 19) demonstrate that IRL basins are 
loading nutrients disproportionately, driven primarily by rainfall variability across the area. The South 
IRL/St. Lucie is loading TN and TP at a greater rates than other regions of the lagoon, averaging between 
500-1300 tons/year and 80-190 tons/year of TN and TP, respectively. The Central IRL has the second 
highest loading rate, averaging between 300-500 tons/year of TN and 40-70 tons/year of TP from 1995 to 
2022. The North IRL averaged between 115-200 tons/year of TN and 15-25 tons/year of TP from 1995 to 
2022. The BRL and Mosquito Lagoon had lower levels of TN and TP. BRL averaged between 35-80 
tons/year of TN and 5-10 tons/year of TP. Mosquito Lagoon averaged between 35-90 tons/year of TN and 
3-10 tons/year of TP. These values correspond to stormwater volumes in the IRL regions between 1995-
2022 (Figure 20), with the South IRL/St. Lucie combined basin receiving the greatest volume of 
stormwater at 0.28-0.64 km3, followed by the Central IRL at 0.18-0.4 km3, the North IRL at 0.07-0.15 km3, 
the BRL at 0.02-0.05 km3, and the Mosquito Lagoon at 0.02-0.04 km3.  

 

 

Figure 18. Stormwater total nitrogen (TN) loads to the IRL by basin. 
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Figure 19. Stormwater total phosphorus (TP) loads to the IRL by basin. 

 

Figure 20. Stormwater volumes in the IRL basins from 1995-2022. 
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Best Management Practices (BMPs) 
By the end of 2023, there were a total of 1,256 BMP projects completed or ongoing in the four BMAP basins 
of the IRL (Table 8). These projects have reduced TN and TP loadings to the IRL by 1,394,555 lbs/yr and 
319,285 lbs/yr, respectively. Project details and load reductions for each project are provided by BMAP 
basin in the following sections. FDEP is still developing methods to evaluate the nutrient reductions for 
some of the novel BMPs, which is why no reduction is recorded in some cases. As more novel BMPs are 
recognized and credited by FDEP, stormwater managers may be more inclined to implement them. This 
shift to implementing more novel BMPs can be seen throughout the IRL with the most common project 
types shifting from wet detention ponds and baffle boxes to more novel approaches such as Biologically 
Active Media (BAM) to adsorb nutrients, aquatic vegetation harvesting, and OSTDS conversions in recent 
years (Figure 21). In some cases, TN and TP reductions are listed as zero if the project was funded by the 
Brevard County tax-funded Save Our Indian River Lagoon (SOIRL) program. The nutrient reduction credits 
for SOIRL funded projects are compiled within each BMAP basin and distributed to local governments 
within the said basin under the project type titled “Credit Sharing.” In addition to completed and ongoing 
projects, the STAR also lists an additional 189 projects that are either underway or planned.  

 

 

Figure 21. Most common BMP project types over time.  
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Table 8. Summary of BMPs completed and ongoing within each BMAP basin per year. *25 projects titled “Credit 

Sharing” were removed from the total.  

BMAP Basin 

BMPs 

Prior to 

2019 

2019 
BMPs 

2020 

BMPs 

2021 

BMPs 

2022 

BMPs 

2023 

BMPs 
Ongoing 

BMPs 

Total 

BMPs 

Banana River Lagoon 188 20 9 14 10 10 34 285 

North IRL 178 16 14 15 17 24 40 304 

Central IRL 224 13 8 8 26 25 80 384 

St. Lucie Estuary 192 11 16 8 7 9 40 283 

Grand Total 782 60 47 45 60 68* 194 1,256 

 

Banana River Lagoon BMP Projects  

A total of 285 BMPs have been completed or are ongoing in the BRL BMAP area (Table 9). Although 
exfiltration trenches (31), on-line retention BMPs (28), and second-generation baffle boxes (23) are the 
most common project types to be implemented, they do not bring the same nutrient reduction benefits as 
some larger scale projects. Project types generating the largest annual TN load reduction include 100% on-
site retention (16,238 lbs), WWTF upgrades (13,466 lbs), and education efforts (7,129 lbs). BMPs that 
generated the largest annual TP reduction included WWTF upgrades (1,652 lbs), 100% on-site retention 
(1,549 lbs), wet detention (1,073 lbs), and street sweeping (1,059 lbs). Project funding through the SOIRL 
program has contributed an annual TN and TP reduction of 726 lbs and 314 lbs, respectively, through 
credit sharing. 

 

Table 9. 2023 BMP projects within the BRL including the number of projects and TN & TP reductions in lbs/yr.  

2023 BRL BMP Projects 

Number 

of 

Projects 

TN Reduction 

(lbs/yr) 

TP Reduction 

(lbs/yr) 

100% On-site Retention 9 16,238 1,549 

Agricultural BMPs 4 0 0 

Aquatic Vegetation Harvesting 3 0 0 

Baffle Boxes- First Generation 6 30 20 

Baffle Boxes- Second Generation 23 1,288 160 

Baffle Boxes- Second Generation with Media 2 324 56 

Biosorption Activated Media (BAM) 8 8 1 

BMP Cleanout 6 199 98 

BMP Treatment Train 3 150 21 

Constructed Wetland Treatment 1 372 88 

Creating/ Enhancing Living Shoreline 2 0 0 

Creating/ Enhancing Oyster Reefs 4 0 0 

Credit Sharing  5* 726 314 

Dry Detention Pond 8 306 43 

Education Efforts 12 7,129 957 
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2023 BRL BMP Projects 

Number 

of 

Projects 

TN Reduction 

(lbs/yr) 

TP Reduction 

(lbs/yr) 

Enhanced Public Education 5 0 0 

Exfiltration Trench 31 409 59 

Exotic Vegetation Removal 1 0 0 

Fertilizer Cessation 2 1,646 56 

Fertilizer Reduction 2 1,872 265 

Floating Islands/ Managed Aquatic Plant Systems 4 222 29 

Grass swales with swale blocks or raised culverts 1 48 8 

Grass swales without swale blocks or raised culverts 19 171 26 

Hydrodynamic Separators 2 0 7 

Land Use Change 19 4 1 

LID- Other 1 0 0 

LID- Rain Gardens 1 0 0 

Monitoring/Data Collection 2 0 0 

Muck Removal/Restoration Dredging 7 0 0 

Off-line Retention BMPs 1 0 0 

On-line Retention BMPs 28 2,162 295 

OSTDS Enhancement 3 238 0 

OSTDS Phase Out 6 0 0 

Regional Stormwater Treatment 1 109 101 

Wastewater Treatment System Maintenance 12 0 0 

Shoreline Stabilization 9 1,054 13 

Stormwater - Alum Injection System 1 767 217 

Stormwater Reuse 8 2,813 398 

Street Sweeping 10 1,711 1,059 

Study 2 0 0 

Wastewater - Injection Well 1 1,273 389 

Wet Detention Pond 12 3,828 1,073 

WWTF Upgrade 3 13,466 1,652 

Grand Total 285 58,563 8,955 

 

North IRL BMP Projects 

A total of 307 load reducing BMP projects have been completed or are ongoing in the North IRL BMAP 
basin (Table 10). Wet detention ponds (49) and second-generation baffle boxes with media (23) and 
without media (44) are the most common BMPs implemented. Two of these project types, wet detention 
ponds and second-generation baffle boxes with media, have generated the largest annual TN and TP load 
reductions (44,639 lbs and 23,134 lbs TN, and 12,060 lbs and 3,721 lbs TP, respectively). Education efforts 
also assist in reducing loads with a reported annual reduction of 22,840 lbs TN and 3,405 lbs TP attributed 
to these efforts. Project funding through the Brevard County SOIRL program has contributed a reduction of 
15,746 lbs TN and 2,291 lbs TP of annual loading through credit sharing. 
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Table 10. 2023 BMP projects within the North IRL including TN & TP reductions in lbs/yr. 

*Not included in total number of projects. 

2023 North IRL BMP Projects 
Number of 

Projects 

TN Reduction 

(lbs/yr) 

TP Reduction 

(lbs/yr) 

100% On-site Retention 4 1,619 239 

Agricultural BMPs 4 475 53 

Aquatic Vegetation Harvesting 17 812 117 

Baffle Boxes- First Generation 9 7 5 

Baffle Boxes- Second Generation 44 3,054 356 

Baffle Boxes- Second Generation with Media 23 23,134 3,721 

Biosorption Activated Media (BAM) 15 3,278 739 

BMP Cleanout 6 1 1 

BMP Missing from Model 3 1 0 

BMP Treatment Train 9 2,548 469 

Control Structure 1 0 0 

Creating/ Enhancing Oyster Reefs 1 0 0 

Credit Sharing  9* 15,746 2,291 

Decommission/ Abandonment 1 0 0 

Denitrification Walls 1 0 0 

Dry Detention Pond 11 1,291 180 

Education Efforts 15 22,840 3,405 

Enhanced Public Education 4 0 0 

Fertilizer Cessation 2 3,380 426 

Fertilizer Reduction 4 624 88 

Floating Islands/ Managed Aquatic Plant Systems 17 3,934 541 

Grass swales with swale blocks or raised culverts 1 95 13 

Grass swales without swale blocks or raised culverts 6 391 63 

Hydrodynamic Separators 1 0 2 

Impoundment 1 1,714 229 

Land Use Change 9 0 0 

Muck Removal/Restoration Dredging 8 0 0 

Non-contributing Basin 2 3,883 452 

On-line Retention BMPs 1 134 19 

OSTDS Enhancement 5 838 0 

OSTDS Phase Out 8 2,462 0 

Regulations, Ordinances, and Guidelines 1 0 0 

Sanitary Sewer Inspections 1 0 0 

Stormwater - Alum Injection System 1 571 143 

Stormwater Reuse 4 807 115 

Stormwater System Rehabilitation 3 0 0 

Street Sweeping 9 4,929 2,817 
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2023 North IRL BMP Projects 
Number of 

Projects 

TN Reduction 

(lbs/yr) 

TP Reduction 

(lbs/yr) 

Study 2 0 0 

Wet Detention Pond 49 44,639 12,060 

WWTF Diversion to Reuse 1 1,103 108 

WWTF Nutrient Reduction 3 0 0 

Grand Total 307 144,309 28,652 

 

Central IRL BMP Projects  

The largest number of BMP projects were completed in the Central IRL basin (395, Table 11). Wet 
detention ponds (66), second-generation baffle boxes (34), and education efforts (30) are the most 
common project types to be implemented. Projects contributing to the greatest annual TN reduction 
include education efforts (55,514 lbs), regional stormwater treatment (46,142 lbs), hydrologic restoration 
(35,565 lbs), and aquatic vegetation harvesting (34,831 lbs). Regional stormwater treatment, aquatic 
vegetation harvesting, and educational efforts also perform well in reducing TP loading, reducing annual 
loads by 20,382 lbs, 9,113 lbs, and 8,171 lbs, respectively. Project funding through the Brevard County 
SOIRL program has reduced annual loads by 6,554 lbs TN and 901 lbs TP through credit sharing. 

 

Table 11. 2023 BMP projects within the Central IRL including the TN & TP reductions in lbs/yr.  

*Not included in total number of projects.

2023 Central IRL BMP Projects 
Number of 

Projects 

TN Reduction 

(lbs/yr) 

TP Reduction 

(lbs/yr) 

100% On-site Retention 8 1,484 191 

Agricultural BMPs 20 19,639 2,234 

Aquatic Vegetation Harvesting 14 34,831 9,113 

Baffle Boxes- First Generation 20 44 33 

Baffle Boxes- Second Generation 34 3,422 427 

Baffle Boxes- Second Generation with Media 5 572 114 

Biosorption Activated Media (BAM) 2 449 57 

BMP Cleanout 5 1,789 460 

BMP Treatment Train 11 6,851 1,431 

Catch Basin Inserts/Inlet Filter Cleanout 6 567 311 

Constructed Wetland Treatment 1 7,129 357 

Control Structure 6 0 0 

Creating/ Enhancing Living Shoreline 4 0 0 

Creating/ Enhancing Oyster Reefs 3 0 0 

Credit Sharing  11* 6,554 901 

Denitrification Walls 2 0 0 

Dispersed Water Management (DWM) 1 0 0 

Dry Detention Pond 29 867 149 
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2023 Central IRL BMP Projects 
Number of 

Projects 

TN Reduction 

(lbs/yr) 

TP Reduction 

(lbs/yr) 

Education Efforts 30 55,514 8,171 

Enhanced Public Education 2 0 0 

Exfiltration Trench 4 456 72 

Fertilizer Cessation 5 28,699 4,723 

Floating Islands/ Managed Aquatic Plant Systems  5 9,889 1,335 

Grass swales without swale blocks or raised culverts 34 1,394 119 

Hydrologic Restoration 2 35,565 2,038 

Land Use Change 1 0 0 

Muck Removal/Restoration Dredging 6 0 0 

On-line Retention BMPs 6 4,486 597 

OSTDS Enhancement 5 2,167 0 

OSTDS Phase Out 9 1,132 0 

Pervious Pavement Systems 2 1,428 206 

Regional Stormwater Treatment 3 46,142 20,382 

Regulations, Ordinances, and Guidelines 7 2,978 431 

Shoreline Stabilization 2 0 0 

Stormwater - Biological/ Bacteria Treatment 3 0 0 

Stormwater Aeration System 1 0 0 

Stormwater Reuse 1 500 6,000 

Stormwater System Rehabilitation 4 0 0 

Stormwater Treatment Areas (STAs) 1 0 0 

Street Sweeping 17 4,305 2,246 

Study 3 0 0 

Turbidity Reducing Polymers (e.g., Floc logs®) 2 0 0 

Vegetated Buffers 1 0 0 

Wastewater - Injection Well 1 15,158 1,403 

Wet Detention Pond 66 15,443 4,200 

WWTF Nutrient Reduction 1 5,673 1,871 

Grand Total 395 315,128 69,570 

 

St. Lucie Estuary BMP Projects  

A total of 283 load reducing projects have been completed or are ongoing in the St. Lucie Estuary BMAP 
(Table 12). Wet detention ponds (37), dry detention ponds (32), and BMP treatment trains (32) are among 
the most commonly implemented BMPs within the area. Agricultural BMPs and Dispersed Water 
Management (DWM) contributed the greatest annual load reductions (456,036 lbs TN and 110,757 lbs TP, 
and 186,145 lbs TN and 31,135 lbs TP, respectively). Combined, these two project types account for 73% of 
the annual TN load reduction and 67% of TP load reduction in the St. Lucie Estuary basin. 
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Table 12. 2023 BMP projects within the St. Lucie Estuary including the TN & TP reductions in lbs/yr. 

2023 St. Lucie Estuary BMP Projects 
Number of 

Projects 

TN Reduction 

(lbs/yr) 

TP Reduction 

(lbs/yr) 

100% On-site Retention 2 539 95 

Agricultural BMPs 16 456,036 110,757 

Aquatic Vegetation Harvesting 3 0 0 

Baffle Boxes- First Generation 22 82 65 

Baffle Boxes- Second Generation 11 4,149 573 

BMP Cleanout 5 11,832 3,966 

BMP Treatment Train 32 28,720 10,824 

Catch Basin Inserts/Inlet Filter Cleanout 6 988 485 

Constructed Wetland Treatment 1 737 224 

Control Structure 13 17,506 4,540 

Dispersed Water Management (DWM) 7 186,145 31,135 

Dry Detention Pond 32 904 201 

Education Efforts 9 54,456 9,345 

Exfiltration Trench 15 252 40 

Fertilizer Cessation 1 23,881 5,970 

Floating Islands/ Managed Aquatic Plant Systems 1 282 24 

Grass swales without swale blocks or raised culverts 3 0 0 

Hybrid wetland treatment technology (HWTT) 3 11,826 2,892 

Hydrodynamic Separators 2 0 26 

Hydrologic Restoration 6 726 9,058 

Land Use Change 8 5,383 2,162 

LID- Rain Gardens 2 0 0 

Muck Removal/Restoration Dredging 3 0 0 

Non-contributing Basin 2 2,728 470 

Off-line Retention BMPs 1 0 0 

On-line Retention BMPs 5 1,462 528 

OSTDS Phase Out 5 17,473 0 

Regional Stormwater Treatment 3 7,112 2,564 

Wastewater Treatment System Maintenance 1 0 0 

Shoreline Stabilization 1 0 0 

Stormwater Reuse 9 312 53 

Stormwater Treatment Areas (STAs) 2 24,307 7,850 

Street Sweeping 10 6,673 3,967 

Wet Detention Pond 37 11,689 4,284 

Wetland Restoration 4 354 10 

Grand Total 283 876,555 212,109 
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ATMOSPHERIC DEPOSITION 

Atmospheric deposition of TN has varied both temporally (Figure 22) and spatially (Figure 23, Figure 24) 

across the IRL watershed. Historic data from the EQUATES database estimated the IRL was receiving 
between 9 and 12 kg/ha of TN annually in 2002, with the highest deposition values in the Halifax River 
basin and lowest in the Central IRL (Figure 22). More recent data from the CASTNET database estimated 
that annual deposition ranged from 6-8 kg-TN/ha, with highest deposition in the Halifax River basin and 
lowest in the Central IRL. Overall, atmospheric deposition of TN has declined across the IRL from 2002 to 
2020, although there appears to be a slight increase from 2019-2020.  

 

 

Figure 22. TN Atmospheric Deposition in kg/ha from 2002-2020. 
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Figure 23. 2002 Annual Atmospheric Deposition TN (kg/ha) from USEPA EQUATES database. 
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Figure 24. 2020 Annual Atmospheric Deposition TN (kg/ha) from USEPA CASTNET Database 
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OTHER POLLUTANTS - METALS 

Findings by Trefry and Trocine (2011) is reinforced by recent water quality data from the SJRWMD, which 
showed a steady decline in total and dissolved metals in every sublagoon of the IRL from 2013-2021 
(Figure 25, Figure 26, Figure 27, Figure 28). Dissolved Pb and Cu peaked in 2014 throughout the IRL 
with concentrations reaching as high as 2 ug/L for Pb and Cu in most areas.  An exception is the St. Lucie 
River Estuary where concentrations of Total Cu were at about 3 ug/L and then increased to 3.6 ug/L in 
2016, then decreasing to 3.2 ug/L before sampling ceased. Total Cu increased in the Halifax River in 2018 
and 2019 but decreased in 2020 (Figure 27).  

 

 

Figure 25. Average total lead concentration in each sublagoon of the IRL from 2013 to 2021. 
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Figure 26. Average dissolved lead concentration in each sublagoon of the IRL from 2013 to 2021.  

 

 

Figure 27. Average total copper concentration in each sublagoon of the IRL from 2013 to 2021. 
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Figure 28. Average dissolved copper concentration in each sublagoon of the IRL from 2013 to 2021. 
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DISCUSSION  

Since many point sources have been regulated or eliminated, nonpoint source pollution is the largest 
contributor to water quality impairments in the IRL and is much more challenging to address. Animal 
waste, fertilizers, herbicides, pesticides, chemical cleaners, oil and grease, sediments, litter and other 
pollutants are carried to the IRL through the stormwater conveyance system. Groundwater, polluted with 
OSTDS effluent, reclaimed wastewater irrigation, and chemicals that leached through the soil, enters the 
IRL through groundwater seepage and baseflow. Excess nutrients that cannot be assimilated by the 
ecosystem settle into nutrient sinks where they can become long-term internal sources of nutrients, such 
as muck, which fluxes nutrients continually into the water column.  In addition to these major sources of 
nutrient pollution, emerging contaminants such as, microplastics, PFAS, personal care products, metals, 
and other contaminants also make their way into the IRL. While each source of pollution presents a 
different challenge that must be addressed with unique management strategies, it is certain that they are 
all inextricably linked. 

WASTEWATER 

Significant progress has been made in reducing the amounts of effluent discharged into the IRL from 
WWTFs, partially by reusing the reclaimed effluent for irrigation. However, WWTFs were still permitted to 
discharge partially or untreated wastewater into the IRL during extreme weather events. New legislation 
signed into law, the FCWA of 2020, included specific wastewater discharge limitations for WWTFs within 
the IRL BMAP areas that must be addressed by 2025. First, all WWTFs must provide secondary waste 
treatment, a power outage contingency plan and, in some cases, advanced wastewater treatment (AWT) if 
deemed necessary FDEP. The act also requires infrastructure inflow and infiltration (I&I) or leakage studies 
and planning for capital improvements that mitigate the I&I associated with severe weather events. 
Increased fines for non-compliant spills and discharges are also identified.  While these regulations will 
certainly make a difference, many domestic and industrial wastewater facilities located in the IRL 
watershed will require extensive updates and improvements to achieve AWT levels and prevent accidental 
discharges/spills. The successful performance of these facilities will also require a long-term commitment 
to providing ongoing maintenance, repair, and upgrades while providing adequate capacity for the growing 
population.  

The FCWA also required every municipality within an IRL BMAP to develop an OSTDS remediation plan 
that identifies and develops a method for replacing priority OSTDS with enhanced nutrient-reduction 
(ENR) systems. Approximately 35% of the parcels in the IRL watershed are serviced by OSTDS, based on 
the number of parcels identified. With several recent local studies identifying OSTDS systems as the 
primary source of nitrogen pollution to receiving waters (Herren et al., 2021; Lapointe et al., 2015), it is 
important that every community develop a plan for addressing new and existing OSTDS. The State of 
Florida has approved millions of dollars to help mitigate the effects of pollution in the IRL.  Brevard County 
and several other counties have identified priority areas for septic system removal. They also provide 
homeowners with financial incentives to reduce their costs when converting.  However, with over 166,000 
OSTDS in the watershed, and over 25,000 identified as high-risk, every community must be dedicated to 
changing how they handle new and existing developments that are serviced by OSTDS.  

Both WWTF and OSTDS will face increased challenges due to increasing storminess and sea level rise (SLR) 
effects from climate change. Communities are already seeing impacts from  overburdened WWTFs 



THE STATE OF THE INDIAN RIVER LAGOON TECHNICAL REPORT 
CHAPTER 2: POLLUTION PRESSURES 

52 | P a g e  

accumulating too much water. This can cause  groundwater levels to rise and intersect with  OSTDS drain 
fields. SLR is projected to increase and accelerate in the southeastern United States with areas along the 
east coast of Florida facing some of the largest increases. Since the IRL is considered a micro-tidal estuary, 
nuisance flooding at high tide is not expected to be extensive but will still occur more frequently as sea 
levels rise. Storm surge will be a factor, especially along the barrier island system, but even if SLR remains 
at the lower bounds of the projections it will present significant problems in the coastal communities 
situated on the shores of the IRL.  

In low elevation areas around the IRL, flooding will have the potential to inundate treatment facilities, 
wastewater and stormwater infrastructure, and lift stations. SLR and the associated rise in groundwater 
levels will place some OSTDS directly in the groundwater, preventing any microbial treatment of effluents 
as soils become submerged by water. Future assessments to determine high-risk OSTDS need to consider 
the effects of SLR, storminess, and high-tide levels on their potential for both overland flooding and 
groundwater rise. In addition, groundwater levels need to be taken into consideration, especially during 
permitting, even if the parcel under consideration is not located close to a waterway or waterbody. In some 
areas of the watershed, enhanced nutrient-reducing OSTDS should be required. 

, House Bill 1379, passed in 2023, furthered FCWA requirements by instituting new regulations for OSTDS 
and providing grants for improvements to existing wastewater facilities. HB 1379 prohibits the installation 
of new OSTDS in BMAP areas where sewage connections exist and requires the installation of enhanced 
nutrient-reducing OSTDS on lots of one acre or less, in areas where sewage infrastructure does not exist. In 
addition, this law provides access to grants designed to reduce nutrient loading into waters in areas where 
BMAPs or TDMLs have been established. It further created the  IRL Protection Program within FDEP. 
Additionally, the law established a grant program within FDEP designed to evaluate and implement new 
technologies and innovative solutions for the disposal of biosolids. 

STORMWATER 

Stormwater runoff significantly contributes to nutrient pollution in the IRL. The SWIL model has been the 
most recent model used to evaluate loads and estimate reductions from implemented Best Management 
Practices. Results of the SWIL model indicate that different sections of the lagoon are loading TN and TP 
disproportionately, which correlates with the volume of rainfall for each given year. Years with a greater 
volumes of rainfall have greater TN and TP loading values.  

Traditional stormwater management systems rely on gray infrastructure such as gutters, catch basins, and 
pipes designed to relieve flooding by quickly moving stormwater away from property and infrastructure to 
a receiving waterbody. Stormwater managers are increasingly turning to green stormwater infrastructure 
such as dry retention, urban tree islands, created wetlands, and bio-swales as these options not only reduce 
flooding impacts but also improve water quality and provide a host of ecosystem services (Prudencio & 
Null, 2018). Wet detention ponds are one of the most commonly used stormwater BMPs in the IRL BMAP 
regions. These ponds are considered a form of “green” stormwater infrastructure, however their 
contributions to the ecosystem remain largely unquantified and more recent studies have found that they 
may be act as a source of organic nutrients, chlorophyll a and total suspended solids, and a sink for nitrate-
nitrite (Beckingham et al., 2019; Gold et al., 2017). Created wetlands are another form of green 
infrastructure that provides multiple ecosystem services by reducing nutrient loads, mitigating flooding, 
and supporting biodiversity (Costanza et al., 1997; Lee, 2019).  
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Dozens of stormwater BMP projects are implemented every year in the IRL. A number of innovative, multi-
faceted BMPs have been constructed in recent years that utilize green infrastructure to holistically manage 
stormwater while providing myriad ecosystem services. Egret Marsh Stormwater Park and Wildlife 
Sanctuary, Osprey Marsh Algal Turf Scrubber, and Osprey Acres Stormwater Park and Nature Preserve are 
just a few examples.  

Other water storage strategies being implemented by the WMDs are Dispersed Water Management 
projects and Water Farms, which encourage public / private partnerships with property owners that agree 
to store water on their lands temporarily before discharging it, allowing greater nutrient assimilation and 
time for sediment to settle out of the water column. The STAR report also highlights the importance that 
educational efforts play in reducing nutrients. Creating public awareness around sources of pollution, 
informing BMPs and influencing habitual changes in polluting behaviors are key to changing social norms 
and reducing nonpoint source pollution.  

Effective stormwater management that considers both flood control and water quality improvement is 
critical to restoring the IRL’s water quality and the seagrasses that are foundational to ecosystem function. 
The need for innovative, multi-faceted stormwater management will increase in the future as the frequency 
and severity of storms increases as a result of climate change. The IRL Climate Ready Estuary Report 
(Parkinson & Balmoral, 2021) assessed the vulnerability of the IRL to the future impacts of climate change. 
The report indicated that frequent and intense storms will increase, causing significant stress to the 
estuary by overburdening existing stormwater conveyance systems and increasing pollution loading. 
Rising sea and groundwater levels will compromise existing stormwater detention/retention basin 
efficiency as the vertical distance between the surface and groundwater is reduced. Furthermore, 
stormwater system outfall pipes will submerge, impeding stormwater flows and increasing upstream 
flooding as drainage is slowed. More severe storms will result in greater stormwater velocity and even 
greater peak volumes, requiring more sophisticated BMP treatment trains to prevent flooding and 
pollution. The Climate Ready Estuary Report recommends long-term infrastructure planning and analyses 
to identify and prioritize the stormwater conveyance features that require upgrades in order to mitigate 
the risk of flooding using innovative technologies to reduce stormwater pollution.   

ATMOSPHERIC DEPOSITION 

The data analyzed from EQUATES and CASTNET indicate that the current trend in TN deposition has 
steadily decreased between 2002-2020, however there was a slight increase between 2019-2020. 
Nutrients that are deposited by means of atmospheric deposition are typically generated by vehicle 
emissions, power plants, and other sources that are outside the IRL airshed and are carried to the coast by 
wind and weather patterns (TetraTech, 2024). As such, it is difficult to address at a county or even state 
level, as air emission standards are regulated by the Federal Clean Air Act. However, because nutrients can 
be deposited onto land around the watershed, stormwater management projects could potentially mitigate 
the additional inputs from atmospheric deposition.  

Krimsky et al. (2021) carried out a seasonal comparison of nitrogen sources in landscape runoff in a 
subdivision along the Banana River and found that atmospheric deposition accounted for approximately 
15% of NO3- during dry season, and 30% of NO3- during the wet season. These results are supported by a 
similar study done by Jani et al. (2020), which found that atmospheric deposition was a major contributor 
of nitrogen to the Tampa Bay, accounting for on average about 30% of nitrogen found in wet season 
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stormwater runoff. These studies highlight the link between atmospheric deposition and stormwater 
runoff, further emphasizing the importance of comprehensive BMPs and stormwater management plans. 

DATA GAPS AND RESEARCH NEEDS 

• More data are needed to refine the contribution of various nonpoint sources of pollution with IRL 
basins. For example, clarifying the relative contribution of nutrients from OSTDS, urban and 
agricultural fertilizers, animal waste, and other sources can clarify effective BMPs and focus 
educational programming. 

• There is a need for a comprehensive and easily accessible database that is regularly updated with 
wastewater service information, including an accurate representation of the locations and types of 
OSTDS, permitted wastewater effluents, wastewater discharges (permitted or illicit), wastewater 
permitted capacity, and OSTDS that were converted to sewer or upgraded to ENR systems.  

• It would be of benefit to  consistently run stormwater and hydrologic models such as the SWIL the 
Stormwise (ICPR 4) across the entire IRL to estimate changes in pollutant loading over time. This 
will be increasingly important with increasing storminess to understand flood potential and 
evaluate the effectiveness of innovative BMPs at reducing pollution loads.  

• There are little or no data available on the status and trends of pesticides, herbicides, bacteria, 
viruses, pharmaceuticals, microplastics, and other emerging contaminants in the IRL. In particular, 
there are no studies that examine the interactive effects of chemicals and algal toxins or the 
synergistic or compounding effects of various toxins with biological agents.  

• Groundwater inputs of nutrients should be further investigated to better understand the extent that 
wastewater contaminated groundwater is impacting the IRL watershed.   
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