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2019 Regular Session     The Florida Senate  

 COMMITTEE MEETING EXPANDED AGENDA 
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 Senator Powell, Vice Chair 

 
MEETING DATE: Wednesday, January 9, 2019 
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PLACE: Toni Jennings Committee Room, 110 Senate Building 
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NUTRIENT LOADS FROM SEPTIC SYSTEMS SUPPORT 
HARMFUL ALGAL BLOOMS IN FLORIDA’S SPRINGS, RIVERS, 

AND COASTAL WATERS 

Brian E. Lapointe, Ph.D.

Appropriations Subcommittee on Agriculture, Environment, and General Government
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Highlights of Talk 

• History, nutrients, HABs 

• Early research in the Florida Keys

• Loxahatchee River

• Martin County, St. Lucie Estuary

• Indian River Lagoon

• Hurricane Irma, Caloosahatchee River, Lee County

• Florida Chamber video: The 2018 Algae Crisis and Florida’s 
Wastewater Infrastructure Deficit
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Art Marshall

“Water quality is a 
far graver problem
in the long run than is 
water quantity”
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Dr. John Ryther: Seminal Work on Nitrogen
Enrichment and Harmful Algal Blooms

4



Source:  Glibert et al. 2005

Nitrogen Acquisition and Utilization by Algae
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Human Alteration of the Global Nitrogen Cycle
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Eutrophication and Harmful Algal Blooms 

• Phytoplankton and macroalgae 
that cause harm by direct toxicity 
or indirectly by excessive biomass

• Impacts include mass mortalities 

of wild and farmed fish/shellfish, 

human illness and death, death of 

marine mammals, seabird

• Alteration of marine ecosystems, 

“dead zones”

(After Smayda, 1997)
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HABs Expanding Globally in Past Five Decades 

We now have:
• more HABs 

• more toxins 

• more toxic algal species

• more fisheries affected

• more areas affected

• higher economic costs

• more public health impacts
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On-Site Treatment and Disposal (OSTDS) Systems: 
“Septic Systems”

• Permitted by FDOH
through Chapter 64E-6 
Florida Administrative Code:
“Standards for Onsite 
Sewage Treatment and 
Disposal Systems”

•  Septic systems provide 
primary treatment and are not
designed to remove nutrients, 
bacteria, viruses, pharmaceuticals, 
or organic wastewater compounds
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Septic Systems: A Widespread Nitrogen Source

Wakulla Springs 

FDEP, 2015
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Failure in Required Distance (24”) Between Septic Drainfield 
and Seasonal High Water Table: Charlotte County

0

-1

-2

-3

-4

-5

-6

-7

-8

-9

1

2

D
ep

th
 t

o
 S

ea
so

n
al

 H
ig

h
 W

at
er

 T
ab

le
 (

ft
)

2013 2014 2015

Winter Spring Summer Fall

2016

Ground 
Level

Distance 
required 
by FAC

71% 
non-

compliant

11



Gracilaria Nutrient Study: Big Pine Key, 1983

Winter 1983 Summer 1983

Lapointe, 1987. Phosphorus- and nitrogen-limited photosynthesis and growth of Gracilaria
tikvahiae in the Florida Keys: an experimental field study. Mar. Biol. 93:561-568. 
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Septic System - Water Quality Study: 1986-1987
5,000-fold DIN enrichment; 400-fold SRP enrichment; N:P ~ 100:1

Lapointe, O’Connell and Garrett. 1990. Nutrient couplings between OSDS, groundwaters,
and surface waters of the Florida Keys. Biogeochemistry: 10: 289-307.
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Nutrient Monitoring at Looe Key National 
Marine Sanctuary - 1984 to Present
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The Role of Nutrients in Coral-Algal Phase Shifts

Lapointe, B. E., Littler, M. M. and D. S. Littler. 1996. Int. Coral Reef Symp. Panama.
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Florida Keys National Marine Sanctuary Act-1990
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“Most scientists blame a shortage of fresh water that once 
flowed from the Everglades…”

FKNMS: “Send Us More Water!” 
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“The Corps of Engineers drained the 
Everglades and the National Park is starved 

for water” 

The opposite is true

The flow into the Park has been measured by the USGS 
every day since Oct. 1st, 1939
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“We should send the Lake Discharges to Florida Bay”
Flow from the Central Everglades does not go to Florida Bay 

and the Park has made it very difficult to put water in Taylor Slough

“We should send the Lake Discharges to Florida Bay”
Flow from the Central Everglades does not go to Florida Bay 

and the Park has made it very difficult to put water in Taylor Slough
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Florida Bay/Florida Keys Algal Blooms: 1991-1995
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Shark River Flow & DIN at Looe Key: 1984 - 2014

FKNMS

22



23



Shark River Flow Correlates Significantly With 
Chlorophyll a at Looe Key
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404% Increase in Coral Disease: 1996-2000
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Increased DIN:SRP Reduces Resistance of Corals to 
High Light and Temperature Stress in the FKNMS
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“Chlorophyll a” Composite Dec 3-6, 2013 
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National Academy of Sciences 

CROGEE FL Bay Report - 2002
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Cudjoe Regional Advanced WWTP 
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Jupiter Creek Septic Tank/Water Quality Study 
in 1995: Loxahatchee River District 
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Results of Jupiter Creek Study

• Interaction of groundwaters and Jupiter Creek
influenced by tidal pumping, elevated groundwater
tables in wet season 

• “Failing”  septic tanks caused ammonium buildup
in groundwaters and Jupiter Creek

• d15N values (o/oo) in shallow groundwaters and 
Jupiter Creek > + 3 o/oo, characteristic of sewage

• Higher fecal coliforms in wet season compared to
dry season in both groundwaters and Jupiter Creek

• High concentrations (> 1,000 ug/kg)  of coprostanol, 
a fecal sterol, present in “black mayonnaise” sediments
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St. Lucie Estuary Septic Study: 2005-2006
• Sampled in June & November 2005, 

March 2006

• Freshwater runoff caused low 
salinity and DO, high nutrients, 
turbidity, coliforms

• Highest turbidity, nitrate, and TN in 
South Fork (C-44); ammonium and 
phosphate highest in North Fork (C-
23, C-24)

• Highest nutrients and coliforms 
near residential areas with high 
densities of septic tanks

• Toxic Microcystis blooms in 
Manatee Pocket in 2013 had high 
d15N values (+ 8.6 o/oo) in the range 
of sewage nitrogen 33



Indian River Lagoon:
2011-2016

20 IRL Sites + 4 Reference Sites

• Objectives: Use multiple lines of 
evidence (dissolved nutrients,  C:N:P 
and δ15N in macroalgae) to assess 
spatial/temporal patterns in nutrient 
pollution, N- vs. P-limitation of algal 
growth, and N sources fueling 
eutrophication in the IRL.

• Goal: Improve water quality in the 
IRL by providing high-quality, user-
friendly data to resource managers 
and policy-makers.
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HABs in the Indian River Lagoon & St. Lucie Estuary
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Total Dissolved Nitrogen in the IRL Segments 

IRL Target
50
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Indian River Lagoon: Population Growth 
(300,000 septic systems) and Chlorophyll a

1Chl a data from SJRWMD; population data from Florida Demographic Estimating Conference, December 2015 and UF,
BEBR, Florida Population Studies, Volume 49, Bulletin 174, January 2016.
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Macroalgae as Bio-Observatories in the IRL

Gracilaria tikvahiae Caulerpa prolifera

Hypnea musciformis Hypnea spinella

Caulerpa mexicana Laurencia filiformis

Acetabularia schenckii
Acanthophora

spicifera
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Stable N Isotopes in Macroalgae Identify Sewage N Source 

Source δ15N Level

Septic effluent +3 to +5

Treated wastewater +5 to +28

Upwelling +2

Nitrogen fixation 0

Atmospheric N -3 to +2

Fertilizers -2 to +2

Everglades peat 0 to +2

• δ15N in IRL averaged + 6.3 o/oo

• δ15N in IRL comparable to other areas 
with known sewage contamination
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Indian River County Sampling

• October 2013 (wet season)

• March 2014 (dry season)

• Surface water 

• Groundwater

• Reference Sites

40



Dissolved N and P Levels in Natural Vs. Residential Areas
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A Human Tracer: Sucralose

Oppenheimer et al. (2011) and FDEP (2014)

R² = 0.6758
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Macrophyte δ15N Reveals Septic System N-Loading to Central IRL
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Nitrogen Isotopes in Primary Producers by IRL Segment
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Barile Study: Spatial Analysis of Nitrogen Isotopes
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Brown Tide in Northern IRL: Winter 2016 
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El Nino Causes Unusual Rainfall in late 2015/2016: 
LOBO Data from Sebastian Inlet
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Microcystis Blooms in the St. Lucie Estuary: 
2005, 2013, 2016, 2018
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Martin County Watershed to Reef Study: 2015 
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Sewage Pollution Indicator – δ15N Macroalgae

Nearshore reefs: increasing abundance of algae, 

urchins, and boring sponges
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Sewage Pollution Indicator – Sucralose
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Freshwater Discharges Impact SLE Between 
January and November 2016
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Microcystis Bloom Supported by Sewage Nitrogen in the 
St. Lucie Estuary

C-44 Canal Roosevelt Bridge ManateePocket
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Widespread HABs Followed Runoff From Hurricane Irma

Red Tide

Blue-Green Algae Sargassum

Brown Tide
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Reductions in Florida’s Fertilizer Loading

• Non-Farm Sources (20%)
Turf fertilizer rule (2008)
FDEP 2008 Model fertilizer 
ordinance, “rainy season” blackout
FDACS: Comm. fertilizer license
UF/IFAS BMP education programs

• Farm Sources (80%)
FDACS: BMPs for TMDL mandate

• Significant reduction in fertilizer loads
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Irma & Catastrophic Wastewater Infrastructure Failure

Florida:
$18.4 billion in 

wastewater 
infrastructure 

upgrades needed
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Fertlizer Loadings Fertilizer Runoff Septic Effluent
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Septic systems > 2-fold 
more than fertilizers
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Florida Red Tides Supported by Land-Based Nitrogen Runoff 
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Microcystis Blooms in Lake Okeechobee in 2018: 
Look to the North
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Lake O Flows to Downstream Estuaries: < 30%
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Blue-Green Algae in Cape Coral Canals: July 2018

Undiluted Sewage Effluent
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Successful Restoration: Tampa Bay, Sarasota Bay

• Watershed became urbanized 
between 1950s and 1980, algal blooms
developed and seagrasses declined

• Grizzle-Figg Act led to N removal from 
wastewater

• Algal blooms subsided, seagrasses expanded
and have reached 1950s acreage
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1) A Brevard County Wastewater Infrastructure 
Master Plan (cost= $1 billion, $3 billion- all IRL: 
source: IRL-NEP)

2) WWTP upgrades to Advanced Treatment (AWT), 
infrastructure upgrades (collection system, lift 
stations, etc.)

3) Significant septic-to-sewer-upgrades

Resolving Brevard County’s Sewage Problem
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CourtSmart Tag Report 
 
Room: EL 110 Case No.:  Type:  
Caption: Senate Appropriations Subcommittee on Agriculture, Environment, and General Government Judge:  
 
Started: 1/9/2019 10:02:40 AM 
Ends: 1/9/2019 11:29:58 AM Length: 01:27:19 
 
10:02:42 AM Meeting called to order 
10:03:35 AM Chair Mayfield 
10:06:01 AM Brian Lapointe, Research Professor, Ph.D., Florida Atlantic University 
11:05:19 AM Chair Mayfield 
11:05:24 AM Sen. Bean 
11:05:46 AM B. Lapointe 
11:07:02 AM Sen. Bean 
11:07:48 AM B. Lapointe 
11:08:32 AM Sen. Broxson 
11:09:57 AM B. Lapointe 
11:11:48 AM Sen. Broxson 
11:12:05 AM B. Lapointe 
11:13:40 AM Sen. Albritton 
11:15:35 AM B. Lapointe 
11:15:40 AM Sen. Albritton 
11:16:25 AM B. Lapointe 
11:17:34 AM Chair Mayfield 
11:17:40 AM Sen. Powell 
11:18:52 AM B. Lapointe 
11:19:46 AM Sen. Powell 
11:20:46 AM Chair Mayfield 
11:20:48 AM Sen. Hutson 
11:21:17 AM Sen. Rodriguez 
11:24:14 AM B. Lapointe 
11:25:55 AM Sen. Stewart 
11:26:41 AM B. Lapointe 
11:27:02 AM Sen. Berman 
11:27:21 AM B. Lapointe 
11:27:49 AM Sen. Berman 
11:28:06 AM B. Lapointe 
11:28:35 AM Chair Mayfield 
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