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EXECUTIVE SUMMARY 

The Florida Department of Environmental Protection (FDEP) has recently proposed numeric 

nutrient criteria for estuarine systems that could impact the continued operation of the City of 

Sarasota’s surface water discharge into Whitaker Bayou, a water body listed by FDEP as being 

“impaired” for water quality.   

 

Nitrogen loads to Sarasota Bay have been reduced by approximately 765,000 lbs / yr, a 55 

percent decline from conditions that existed in the late 1980s.  Approximately 395,000 lbs of this 

bay-wide load reduction are due to the combination of decreased nitrogen concentrations and 

increased reuse of treated effluent from the City of Sarasota’s wastewater treatment plant 

(WWTP).  Nitrogen concentrations at the City’s WWTP averaged 1.96 mg TN / liter between 

1999 and 2008, well below the 3 mg TN / liter threshold set forth in Grizzle-Figg legislation.  In 

addition, approximately 49 percent of WWTP influent were diverted to various reuse systems 

between 1999 and 2008.  Combined with the consolidation of private wastewater treatment plant 

operations and other improvements, nitrogen loads to Whitaker Bayou have been reduced by 86 

percent, compared to loads in the late 1980s.  In response to these and other load reduction 

activities, seagrass coverage in Sarasota Bay has increased by 46 percent between 1988 and 

2008.  Not only has seagrass coverage increased over time, the seagrass beds themselves appear 

to have become “denser” as well.   

 

The pattern of increased seagrass coverage with decreased nitrogen loads is an anticipated 

response to the substantial load reductions that have been brought about in the Bay’s watershed.  

However, while nitrogen loads and nitrogen concentrations have declined (and seagrass coverage 

has increased) throughout Sarasota Bay, levels of chlorophyll-a (an indicator of phytoplankton 

biomass) have not always declined as well.  This phenomenon may complicate compliance with 

FDEP guidance on numeric nutrient criteria for Sarasota Bay, as levels of chlorophyll-a are the 

default “bio-indicator” of water quality for FDEP.  In Sarasota Bay, nitrogen loads, nitrogen 

concentrations, and seagrass coverage may be better indicators of ecosystem health than 

chlorophyll-a, a finding that should be thoroughly discussed with FDEP prior to initiating any 

additional or potential load reduction activities.    

 

Should the City of Sarasota proceed with the use of a deep well injection process for existing wet 

weather discharges from its WWTP, this action would eliminate approximately 24,000 pounds of 

TN loads on an annual basis.  Such a load reduction would be equivalent to a further 35 percent 

decline in loads to Whitaker Bayou, and a 20 percent decline in loads to the central portions of 

Sarasota Bay.  Additional positive system responses (i.e., increased seagrass coverage) would be 

expected to accompany such a load reduction. 
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1.0 BACKGROUND 

The City of Sarasota (“City”) has undertaken, over the past two decades, a number of upgrades 

to its wastewater treatment plant operations, and also upgrades to lift stations and the overall 

collection system. These upgrades have had a positive impact on the health of Sarasota Bay.  

Water quality and seagrass coverage estimates from Sarasota Bay indicate the bay is much 

healthier than in the late 1980s, and is perhaps similar in its ecological health to its condition in 

the 1950s.  The Florida Department of Environmental Protection (FDEP) has recently proposed 

numeric nutrient criteria for estuarine systems that could impact the ability of the City to 

continue to have a surface water discharge from its wastewater treatment plant, without due 

consideration of the positive responses of the health of Sarasota Bay to prior improvements in 

wastewater treatment practices. 

In response, the City of Sarasota and the Sarasota National Estuary Program (SBNEP) asked 

PBS&J to conduct the following tasks: 

1. Document the status and historical trends in bay-wide pollutant loads,  

2. Document system responses to load reductions,  

3. Assess the relative impact of various load reduction activities, and 

4. Summarize the responses of water quality and natural resources to load reductions. 



 2 City of Sarasota Utilities Department 
  Status and Trends in Pollutant Loads and  
  Natural Resource Responses in Sarasota Bay 
  Final  Report – November 2009 

2.0 FINDINGS AND DISCUSSION 

City staff provided PBS&J with a detailed assessment of plant influent volumes, surface water 

discharge quantities, and water quality constituents associated with the operation of the City’s 

Advanced Wastewater Treatment Plant (WWTP).  This plant employs biological nitrogen 

removal technology, which is used to ensure compliance with the effluent limits associated with 

the Grizzle-Figg Act.  These standards are 5, 5, 3, and 1 for Biological Oxygen Demand, Total 

Suspended Solids, Total Nitrogen (TN), and Total Phosphorus (TP).  As Sarasota Bay is a 

strongly nitrogen-limited system (SBNEP 1992 and references within), this assessment will 

focus on the trends in loads and concentrations of TN associated with the City’s WWTP loads to 

both Whitaker Bayou and Sarasota Bay as a whole. 

The most complete data set for the City’s WWTP was for the years 1999 to 2009, which is the 

focus of this assessment. 

Figure 1 summarizes influent volumes to the City’s WWTP, as well as the amount of treated 

effluent disposed of via surface discharges to Whitaker Bayou. 

 

Figure 1 – Influent and surface water discharge volumes reported from the City of Sarasota.   
Lines are 3-point moving averages. 

 

An overall pattern is evident, with increased volumes of both influent and surface water 

discharges during both wet seasons (i.e., July to September) and wet years (i.e., 2003 and 2005).  

Also seen is the increasing frequency of months where the surface water discharge volume is 

zero, indicating all influent was reused (data provided by City of Sarasota).  During those 
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months, there is no nitrogen load from the City’s WWTP to either Whitaker Bayou or Sarasota 

Bay.   

When plotted over time (Figure 2) it can be seen that there is an overall trend of increasing 

amounts of influent disposed of via reuse applications, rather than disposed of via surface water 

discharges into Whitaker Bayou. 

 

Figure 2 – Percent of influent volume disposed of via reuse (rather than surface water discharges).  
Data from the City of Sarasota.  Line is best-fit line of linear trend (p < 0.05).   

While there is significant variability, mostly associated with periods of above-normal rainfall, 

there is also an overriding pattern of reduced amounts of surface discharge volumes due to 

increased percentages of the amount of treated effluent sent to reuse applications.  The amount of 

influent disposed of via reuse varies between months (figure 3), with reuse percentages peaking 

in the dry season months, and values typically below 30 percent during the months of July to 

September. 
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Figure 3– Percent of influent volume disposed of via reuse per month (monthly averages for 1999 
to 2000).   

This pattern of increased reuse capacity over time is an additional feature, in addition to 

improvements in treatment technology, which has resulted in declines in WWTP loads of TN 

into Sarasota Bay.  However, direct surface discharges to Whitaker Bayou account for 

approximately 70 to 90 percent of influent volumes during the typical wet season months of July 

to September. 

Over the period of 1999 to 2009, the average monthly inflow into the City’s WWTP was 7.02 

mgd, while the average rate of discharge was 4.09 mgd.  Over this time period, approximately 49 

percent of the inflow volume to the CITY’s WWTP was diverted to reuse, although the range  

varied between less than 10 percent (July 1999, September 2002, and September 2003) to 100 

percent (i.e., October 2008 to June 2009).  The average TN concentration of treated effluent 

discharged to Whitaker Bayou by the CITY’s WWTP during 1999 to 2009 was 1.96 mg TN / 

liter, well below the Grizzle-Figg standard of 3 mg TN / liter.   

Monthly load estimates from the City’s WWTP were then calculated using discharge rates and 

water chemistry, as shown in Figure 4. 
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Figure 4 – Nitrogen loads (Ibs. TN / month) from the City of Sarasota’s WWTP surface water 
discharges to Whitaker Bayou.  Data from the City of Sarasota.   

During the period of 1999 to 2009, there was an overall trend of declining nitrogen loads to 

Whitaker Bayou (Spearman’s Rho non-parametric test, p < 0.01).  The highest load occurred in 

August 2003, at 8,951 pounds.  All the occasions with loads greater than 4,000 pounds per month 

were during the typical wet season months of June through September. Including months where 

no surface discharges occurred (due to 100% reuse) the average nitrogen load to Whitaker Bayou 

was 2,051 pounds of TN per month.   On an annual basis, this is roughly equivalent to 24,609 

pounds of TN.     

As an assessment of the relative benefits of past and potential future nitrogen load reductions, 

current (1999 to 2009) load estimates were compared to load estimates from the Sarasota Bay 

Estuary Program’s “Framework for Action” (1992) and the “Comprehensive Conservation and 

Management Plan” (1995).  These two reports attempted to characterize the load reductions that 

occurred as various bay restoration activities were being initiated or completed.  In particular, 

historical load reductions associated with the upgrades to biological nitrogen removal technology 

at the City of Sarasota’s WWTP, and upgrades to effluent disposal practices associated with 

consolidation efforts at three private utilities in the Whitaker Bayou watershed were quantified 

(Figure 5).  It should be noted that estimated loads from the 1980s and 1990s did not have as 

complete a data set as that which was available for calculating current loads. 
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Figure 5 – Nitrogen loads (Ibs. TN / yr) from the City of Sarasota’s WWTP discharges to Whitaker 
Bayou, package plant discharges, septic tank loads, and other sources (i.e., stormwater runoff).  

Data from the City of Sarasota, Heyl (1992), and the Sarasota Bay National Estuary Program (1992 
and 1995).   

Prior to substantial upgrades associated with implementation of the Grizzle-Figg standards, 

nitrogen loads to Whitaker Bayou (and eventually to the bay itself) were estimated at 

approximately 500,000 pounds of TN per year.  With the onset of biological nitrogen removal 

technology and increased reuse, along with the removal of loads from private WWTPs and septic 

tanks within the City of Sarasota limits, current loads have been reduced from 506,212 lbs. TN / 

yr to 69,513 lbs. TN / yr, an 86 percent decline.  Historically, it is believed that bay-wide loads 

were at their highest levels in the 1980s, with nutrient loads peaking at perhaps 1,390,386 lbs. 

TN / yr (Tomasko et al. 2005 as modified by Alderson and Tomasko, personal communication).  

As such, the reductions in TN loads associated with the combined effects of biological nitrogen 

removal and increased reuse at the City of Sarasota’s WWTP have contributed to an approximate 

load reduction of an estimated 395,703 lbs. TN / yr.  This load reduction by itself is equivalent to 

a 28 percent reduction in bay-wide loads.   Should the City of Sarasota pursue a deep well 

injection option for their existing treated wet season effluent discharges, the average annual 

nitrogen load to Whitaker Bayou from all sources would decrease from approximately 69,513 

lbs. TN / yr to 44,904 lbs. TN / yr, an additional 35 percent reduction from current conditions.   

As Whitaker Bayou is currently listed by the Florida Department of Environmental Protection as 

“impaired” for dissolved oxygen and chlorophyll-a, with nitrogen listed as the probable basis for 

impairment, such a load reduction may be a proactive approach to a probable TMDL for 

Whitaker Bayou.  The load reduction estimated from the implementation of deep well injection 

of wet weather surface discharges would be slightly more than that which would be expected 

should the entirety of the Whitaker Bayou watershed be retrofitted for stormwater treatment with 

wet detention ponds (e.g., Heyl 1992).  As land for such an aggressive stormwater retrofit 
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program is not likely to be either available or affordable, the removal of wet weather discharges 

via deep well injection is likely to be the only feasible way to bring about further significant 

reductions in nitrogen loads to Whitaker Bayou.   

The various WWTP upgrades in the watershed are also likely to have brought about a reduction 

in the abundance of fecal coliform bacteria in Whitaker Bayou (figure 6). 

 

Figure 6 – Annual average log-transformed fecal coliform bacteria concentrations (cfu / 100 ml) 
from two stations located at the mouth of Whitaker Bayou.   

In addition to the load reductions in the Whitaker Bayou watershed, the SBNEP estimated that 

significant load reductions were likely to have occurred associated with upgrades to effluent 

disposal practices of Manatee County WWTPs; specifically the development of a deep well 

injection process for wet weather effluent from the County’s Southwest Regional WWTP.  In 

addition to the above mentioned reductions in loads to Whitaker Bayou and reductions 

associated with deep well injection of wet weather discharges at Manatee County’s Southwest 

Regional WWTP, there is evidence of a substantial load reduction associated with improvements 

to wastewater practices in the Philippi Creek watershed.  Reductions in nutrient concentrations in 

Philippi Creek are perhaps due to changes in wastewater effluent disposal practices from a 

private WWTP (Atlantic Utilities) that converted from the use of a percolation pond as a primary 

mechanism of effluent disposal to deep well injection. 

Trends in TN and TP concentrations in Philippi Creek (at the Bahia Vista Bridge location) are 

shown in figures 7 and 8, respectively. 
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Figure 7 – Annual average nitrogen concentrations (mg TN / liter) at the Bahia Vista Bridge 
location.  Values shown are annual averages; line is 2 point moving average. 

 

 

Figure 8 – Annual average phosphorus concentrations (mg TP / liter) at the Bahia Vista Bridge 
location.  Values shown are annual averages; line is 2 point moving average. 
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concentrations averaged 1.25 and 0.40 mg / liter, respectively.  Concentrations of TN and TP 

declined by 60 and 59 percent, respectively.   

Using the hydrologic yield estimates of Heyl (1992) annual average runoff quantities from the 

Philippi Creek watershed were calculated based on annual average rainfall amounts in the 

Sarasota / Bradenton region.  There was no long-term trend in Philippi Creek discharge rates 

over the period of record, using this approach (figure 9). 

 

Figure 9 – Annual runoff (millions of gallons / yr) from the Philippi Creek watershed.   

These annual average discharge volumes were then multiplied by the annual average TN and TP 

concentrations for each year, and then annual loads were compared for both the 1970 to 1988 

and the 1989 to 2006 time periods (figures 10 and 11, respectively).   
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Figure 10 – Average annual nitrogen loads (lbs TN / yr) from the Philippi Creek watershed for the 
years 1970 to 1988 and 1989 to 2007. 

 

Figure 11 – Average annual phosphorus loads (lbs TP / yr) from the Philippi Creek watershed for 
the years 1970 to 1988 and 1989 to 2007. 

Based on these estimates, nitrogen loads from the Philippi Creek watershed decreased by 

328,333 lbs TN / yr, a 59 percent reduction.  Phosphorus loads declined by 106,693 lbs TP / yr, 

also a 59 percent reduction.   

Combined, improvements in effluent disposal practices from the City of Sarasota’s WWTP 

upgrades, the removal of discharges into Whitaker Bayou from private WWTPs and septic tank 

systems, and reductions in loads from changes in effluent disposal in the Philippi Creek 
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watershed amount to a bay-wide load reduction of approximately 765,032 lbs TN / yr.  This load 

reduction is equivalent to a reduction in bay-wide loads of approximately 55 percent. 

In the 1992 document “Framework for Action”, Sarasota Bay was expected to respond to load 

reductions of this magnitude through increased coverage of seagrasses, as seagrasses were 

thought to be valuable bio-indicators of watershed-level pollutant loads.  As seen in Figure 12, 

seagrass coverage in Sarasota Bay had increased by approximately 46 percent between 1988 and 

2008.  In addition, the percentage of seagrass meadows classified as “continuous” has doubled, 

which is consistent with the expectation that seagrass biomass is inversely related to watershed-

level nitrogen loads (Tomasko et al. 1996). 

 

Figure 12 – Seagrass coverage (acres) in Sarasota Bay (data from SBEP and SWFWMD). 

These results suggest that the dramatic reductions in nitrogen loads to the bay have resulted in 

substantial improvements in seagrass coverage.  Bay-wide, seagrass coverage increased by 3,991 

acres between 1988 and 2008, a 46 percent increase.  Of that 3,991 acre bay-wide increase, 3,674 

acres (92 percent) occurred in the those areas of the bay north of Roberts Bay, in the portion of 

Sarasota Bay most strongly influenced by the City of Sarasota’s historical WWTP discharges.  

Should the City of Sarasota’s wet weather disposal of WWTP effluent be eliminated via the use 

of deep well injection, an additional decline of 24,609 lbs TN / yr would be expected.  This 

would be equivalent to an approximate 35 percent reduction in TN loads to Whitaker Bayou, 
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which is equivalent to an estimated additional 20 percent decline in TN loads to the central 

portion of Sarasota Bay (see page 3-4 in SBNEP 1995). 

However impressive the response of the bay might be, in terms of seagrass coverage, it is 

important to note that “impairment” in water quality in Sarasota Bay, as defined by the Florida 

Department of Environmental Protection (FDEP) is by default linked to changes in the 

concentrations of chlorophyll-a, an indicator of phytoplankton biomass. 

Figure 13 shows plots of a smoothing function plotted over time for levels of both TN and 

chlorophyll-a in Roberts Bay, which receives runoff (and thus nitrogen loads) from Philippi 

Creek. 

 

Figure 13 – Trends over time in levels of total nitrogen (blue) and chlorophyll-a (green) in Roberts 
Bay.  Line shown is smoothed plot of raw data.   

While nitrogen loads into Roberts Bay have clearly declined over time (Figures 7 and 10), and 

concentrations of TN in Roberts Bay have declined in response, there is no evidence of a 

concurrent reduction in levels of chlorophyll-a in Roberts Bay over the same time period. In 

Blackburn Bay, there is a pattern showing a similar disconnect between trends over time of TN 

concentrations and levels of chlorophyll-a (figure 14). 
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Figure 14 – Trends over time in levels of total nitrogen (blue) and chlorophyll-a (green) in 
Blackburn  Bay.  Line shown is smoothed plot of raw data.   

The results shown in Figures 12 through 14 should be considered in conjunction with trends in 

nitrogen loads over time.  In some portions of Sarasota Bay, there may be a relatively robust 

relationship between nitrogen loads, nitrogen concentrations, and chlorophyll concentrations.  In 

those areas, such as Sarasota Bay proper, it may be that chlorophyll-a concentrations would be 

expected to decline over time in response to reductions in nitrogen loads.  In other parts of the 

bay, such as Roberts Bay, declines in nitrogen loads and nitrogen concentrations did not seem to 

be accompanied by concurrent reductions in concentrations of chlorophyll-a (see figure 11).   

In Whitaker Bayou, it could turn out that removal of the remaining wet weather nitrogen loads 

from the City of Sarasota’s WWTP results in decreases in TN concentrations, but not 

chlorophyll-a concentrations.  Since FDEP’s listing criteria for water quality impairment is based 

on chlorophyll-a as the default bio-indicator, such a possibility should be discussed with FDEP 

as it relates to potential responses to FDEP’s listing of Whitaker Bayou as impaired for nutrients.   

Regardless of the response of chlorophyll-a to potential future load reductions, it should also be 

noted that past reductions in nitrogen loads to Sarasota Bay have resulted in documented 

decreases in nitrogen concentrations in the bay itself, and a dramatic recovery of seagrass 

resources.  Future load reductions, such as the diversion of wet weather discharges into Whitaker 

Bayou to deep well injection, might also be expected to be of similar benefit to the bay’s natural 

resources. 
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3.0 CONCLUSIONS 

Over the past 20 years, a number of activities have been completed that have acted to improve 

the ecological health of Sarasota Bay.  These include a reduction in bay-wide nitrogen loads of 

approximately 765,000 lbs / yr, a 55 percent decline from conditions in the late 1980s.  

Approximately 395,000 lbs of this amount, 52 percent of the total decline, is due to the 

combination of decreased nitrogen concentrations and increased reuse of treated effluent from 

the City of Sarasota’s wastewater treatment plant (WWTP).   

In response to these and other load reduction activities, seagrass coverage in Sarasota Bay 

increased by 3,991 acres between 1988 and 2008, a 46 percent increase.  Most of this seagrass 

increase, 3,674 acres (92 percent) occurred in central Sarasota Bay, in that portion of the bay 

most likely to have been impacted by historical impacts from the City’s WWTP discharges.   

In addition to nutrient reductions and seagrass increases, levels of fecal coliform bacteria have 

declined substantially over the past twenty years in Whitaker Bayou. 

These positive system responses would be likely to be further advanced should remaining wet 

weather surface discharges into Whitaker Bayou be diverted to deep well injection.  Such an 

activity would bring about a further reduction in nitrogen loads of 24,000 lbs / yr, a 35 percent 

reduction to Whitaker Bayou. 

While nitrogen loads and nitrogen concentrations have declined over time in Sarasota Bay (and 

seagrass coverage has increased), levels of chlorophyll-a have not always declined as well.  This 

phenomenon should be thoroughly discussed with FDEP (and perhaps EPA) prior to initiating 

any additional or potential load reduction activities, as chlorophyll-a may not be an appropriate 

bio-indicator of ecological health in Sarasota Bay.    
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