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Executive Summary 
 
The state of Florida has identified 226 tributary Waterbody IDs (WBIDs) that do not 
meet state water quality standards for fecal coliform contamination and are listed as 
impaired. In 2006, PBS&J, in collaboration with the Tributary Assessment Team, 
developed and evaluated a methodology for assessing the source(s) of fecal pollution for 
WBIDs in Duval County that consistently exhibit high fecal coliform counts. The study 
used a decision-tree approach based on a “toolbox” of microbial source tracking (MST) 
methods, including several library-independent methods relying on the genetic typing of 
indicator organisms or host-specific DNA markers. MST was performed at the University 
of South Florida (USF). The results of the tests, together with an extensive collection and 
review of infrastructure mapping, historical monitoring, and land-use data, provided the 
information needed for a weight-of-evidence assessment of the contribution of potential 
sources to indicator organism concentrations in these impaired waters. The Tributary 
Pollution Assessment Manual that resulted from this project provided a blueprint for 
conducting site assessments to locate dominant sources of fecal contamination and 
identifying appropriate corrective actions to restore WBIDs to their designated use.  
 
The effort in Duval County demonstrated that a detailed review of existing data, in 
conjunction with continual collaboration with local entities, is necessary to effectively 
guide the field reconnaissance and sampling stages of these studies. This “Initial 
Screening Process” was therefore further developed and incorporated as Phase I of the 
overall tiered approach to identifying sources of fecal pollution in Hillsborough River 
tributaries. The use of data such as GIS coverage and historical data, together with local 
knowledge of the systems, is especially important given the considerable costs associated 
with MST analyses. Phase II, Implementation, of the Hillsborough River project uses a 
modified form of the decision-tree approach described in the Tributary Pollution 
Assessment Manual. 
 
Since a number of WBIDs within Florida will have a total maximum daily load (TMDL) 
for fecal coliform, the approach developed and documented in the lower Hillsborough 
River watershed offers a useful, cost-effective tool for guiding fecal Basin Management 
Action Plan (BMAP) implementation. This is especially important, given the continuing 
development and very limited lab capacity for MST analysis in the state. In addition, by 
actively involving local stakeholders in all aspects of the project, the conclusions drawn 
truly represent a consensus on the most probable sources.   
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Section 1.0 Introduction 
 
Under the federal Clean Water Act, states are required to identify impaired waters that do 
not meet water quality standards, submit to the U.S. Environmental Protection Agency 
(EPA) a list of these waters, and develop TMDLs for each of them. A TMDL is the 
maximum amount of a specific pollutant that a waterbody can assimilate and still meet its 
designated uses, such as swimming or fishing. 
 
Florida’s 52 river basins are divided into 29 groups that are distributed among the Florida 
Department of Environmental Protection’s (FDEP) 6 districts. Using a rotating cycle in 
which 1 basin is assessed in each district every year, FDEP and local stakeholders have 
identified impaired waters requiring the development of TMDLs. The first 5-year cycle 
of assessments is now completed in all 29 basin groups, and Florida is moving forward 
with the implementation of management plans to address these impairments. By 2012, 
1,262 TMDLs must be developed for 810 waters. 
 
While nutrient TMDLs are complex and difficult to develop, bacteria TMDLs can be 
developed quickly and easily. To implement a bacteria TMDL, however, requires 
knowledge of sources that is not generally available. This knowledge allows management 
actions to be specifically targeted to individual sources, which can include human 
(wastewater and stormwater), animal, and natural sources. Based on this need, PBS&J 
was contracted by the FDEP to work in cooperation with the Basin Management Action 
Plan (BMAP) Steering Committee to develop a cost-effective tool for identifying and 
prioritizing bacteria sources so that management actions can be targeted to those sources. 
The tool has also proven very effective in securing agreement among affected 
stakeholders on the most likely sources of impairment.   The BMAP Steering Committee 
is comprised of representatives from organizations including, but not limited to, the 
Tampa Bay Estuary Program (TBEP), the University of South Florida (USF), the 
Environmental Protection Commission of Hillsborough County (EPCHC), Hillsborough 
County (HC), the City of Tampa (COT), and the Hillsborough County Health Department 
(HCHD).  
 
The objectives of the Fecal BMAP Implementation Project for the lower Hillsborough 
River watershed were to (1) build on the Tributary Pollution Assessment Manual 
developed and tested in Duval County (PBS&J 2006a) and further develop a useful, 
relatively inexpensive tool that FDEP can use to guide fecal BMAP implementation 
throughout the state; and (2) establish the accurate level and potential sources of 
impairment in 6 representative tributary WBIDs in the Hillsborough River watershed 
(Map 1).  The six tributaries included: 
 

Spartman Branch (1561); 
Blackwater Creek (1482); 
Flint Creek (1522A); 
Baker Creek (1522C); 
New River (1442); and 
Hillsborough River (1443E). 
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Map 1.  WBID location map. 
 
The methodology was developed as a phased approach to address pollution sources in 
tributaries impaired by indicator organisms. Phase I included the compilation and 
synthesis of relevant documents and local knowledge and a detailed review of existing 
data to guide the field reconnaissance and sampling stages of the project (Figure 1). 
Phase II, Implementation, utilized a decision tree designed to build on the results of Phase 
I and continue screening for potential sources of fecal contamination by using lower-cost, 
more basic methods first, followed by higher-cost, more sophisticated methods to 
minimize cost and time. 
 
The decision tree was designed to consider appropriate methods to define sources to a 
level at which remedial action can be defined and successfully implemented, while also 
considering cost. A weight-of-evidence approach, in which the results of the decision tree 
were used in conjunction with background knowledge of the watershed and land-use 
patterns, was used to document and assess the contribution of various potential sources to 
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waterbodies impaired by high levels of fecal coliform bacteria. Determining contributing 
sources is particularly important for fecal microbial exceedances, because the measured 
indicators often do not readily discriminate between human, livestock, and wildlife 
sources. Because pathogens from human sources present the highest potential for 
infection, identifying the type of source (human, livestock, or wildlife) also affects the 
evaluation of risk. As a result, source identification is critical to implementing action to 
improve water quality and protect human health. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Section 1.1 Fecal Contamination Thresholds 
 
Water quality standards are based upon the use of a lake, stream or river (e.g., for 
drinking water, shellfishing, or recreation) and set specific water quality criteria to safely 
achieve that function. Under the Clean Water Act (CWA) Section 304(a), the 
Environmental Protection Agency (EPA) is required to publish water quality criteria that 
accurately reflect the latest scientific knowledge for the protection of human health and 
aquatic life. The EPA’s Ambient Water Quality Criteria for Bacteria -1986 was 
developed for the protection of waters designated for recreational uses (EPA 1986). 
Epidemiological studies conducted by the EPA demonstrated that for fresh water, E. coli 
(a member of the fecal coliforms), and enterococci are best suited for predicting the 
presence of pathogens that cause illness, and that for marine waters, enterococci are most 
appropriate (EPA 2002). The FDEP, however, uses fecal coliforms for regulating water 
quality and has adopted Criteria for Surface Water Quality Classifications [Chapter 62-
302.530, Florida Administrative Code (F.A.C.)] (Table 1). 

Figure 1.  Phase I approach to identifying sources of fecal pollution in Hillsborough River tributaries.
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Section 1.2 Available Assessment Techniques 
 
Assessment and direct identification of sources of fecal contaminants is confounded by 
many variables inherent in the use of indicator organisms for monitoring and by variables 
in the dynamics of microbial populations in various substrates and environmental 
conditions.  As a result, there is no single method able to determine the extent, severity, 
and causes of pathogen contamination.  This report uses a combination of methods to 
better understand the presence of fecal coliforms and practical control measures.  These 
methods range from conducting an initial screening investigation to measuring indicator 
bacteria and looking for genetic “markers” of human and animal sources.  Detailed 
descriptions of the MST techniques used in these reports are located in Appendix A and 
the Tributary Pollution Assessment Manual (PBS&J 2006a); those used in this report 
include: 

1. Suite of indicators; and 
2. Library independent presence/absence testing using polymerase chain reaction 

(PCR) with human- or ruminant-specific primers. 

Table 1. FDEP-adopted Criteria for Surface Water Quality Classifications [Chapter 62-302.530] 
(http://www.dep.state.fl.us/legal/Rules/shared/62-302/62-302.pdf). 
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Section 2.0 Phase I - Initial Screening 
Section 2.1 Data Compilation and Evaluation 
 
Phase I of the Fecal BMAP Implementation Project for the lower Hillsborough River 
watershed had three main components: 
 

1. Gather and compile relevant documents and local knowledge on land use, 
previous efforts at characterizing water quality within the 6 WBIDs, historical 
sampling results, and GIS data; 

2. Evaluate the compiled information and build on ongoing BMAP and preliminary 
data analysis efforts for the 6 WBIDs; 

3. Use the information collected to identify potential sources of fecal contamination 
and develop a Work Plan finalizing the Implementation Strategy for Phase II. 

 
Over 100 GIS data files were collected from federal, state, and local agencies and 
governmental entities.  In the cases where information was not geo-referenced, best 
efforts were made to include the data in the database as accurate shapefiles. A summary 
of the GIS data acquisition timeline is included as Appendix B.   
 
Intensive interviews were also conducted with key local staff regarding water quality 
problems and potential sources of fecal contamination.  Such meetings were held with 
Scott Emery and Carol Henry (HSW Engineering), Fred Nassar and Ed Sherwood 
(EPCHC), and Charles Kovach and Chris Anastasiou (FDEP).  In addition to 
informational interviews, both PBS&J and USF personnel, as well as Scott Emery, 
conducted independent preliminary field investigations of each of the six project WBIDs 
and identified specific points of interest and potential sampling locations.  Knowledge 
gained through the combination of these efforts is described in Sections 4-9. 
 
Water quality data for the 6 WBIDs were also downloaded from the Hillsborough County 
Water Resources Atlas (http://www.hillsborough.wateratlas.usf.edu/research) on January 
23, 2007, including a wide range of water quality and physical parameters originally 
recorded by 102 independent monitoring stations between 1990 and 2007. The datasets 
were then consolidated into a single Excel database and sorted for stations with fecal 
coliform data that were located within the target WBID boundaries; 22 stations were 
identified in this way (Figure 2).   
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Figure 2.  Geometric means, maximum recorded fecal coliform concentrations, and sample size (N) by 
sampling station for target WBIDs between 1990 and 2007.  Station abbreviations: Baker Creek (BK), 
Blackwater Creek (BW), Flint Creek (FL), Hillsborough River (HR), New River (NR), and Spartman 
Branch (SB). 

 
The initial analyses of fecal coliform concentration included the calculation of means, 
geometric means, standard errors, and minimum/maximum values over time. No clear 
temporal trends emerged for any single station or WBID; however, statistically robust 
datasets (i.e., N > 100) existed at only 5 of the 22 stations: 

107 (Blackwater Creek), 
143 (Blackwater Creek), 
148 (Flint Creek), 
2 (Hillsborough River), and 
137 (Hillsborough River). 

 
At these 5 stations, log-transformed fecal concentrations were then tested for possible 
correlations with all available water quality parameters—i.e., turbidity, conductivity, 
nitrogen oxides (NOx), color, biological oxygen demand (BOD), dissolved oxygen (DO), 
and chlorophyll a (Chla). Available data identified particular stations where stormwater 
runoff may have played a dominant role in the transport of fecal populations. Although 
efforts such as these cannot definitively tie a specific fecal source to a particular problem 
area, the approach is valuable in guiding GIS data acquisition/analysis (i.e., stormwater 
infrastructure or sanitary sewer overflows) and future field investigation. 
 
The data compilation effort culminated with the “Maps on the Table” exercise at the 
Project Workshop on February 13, 2007.  Twenty-seven participants were randomly 
divided into two groups and were asked to combine the background information provided 
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in the workshop presentation with their specific local knowledge to develop a list of 
potential sources of fecal contamination and to spatially locate them on the maps.  The 
maps provided to the groups included aerial images, infrastructure, land use, historical 
and potential new sampling locations, and soil data compiled by PBS&J for each WBID 
during the Initial Screening Process.  For the lower Hillsborough River (WBID 1443E) a 
map of repetitive sanitary system overflows (SSOs) reported by the COT (2001-2007) 
was also provided.  A summary table of points of interest and potential sampling 
locations identified by Cheryl Wapnick (PBS&J) and Valerie J. Harwood (USF) was also 
supplied to the participants for easy reference. Each group designated a recorder and a 
presenter and was given approximately 25 minutes to identify potential sources for each 
WBID.  The results, later presented to the entire group, are included in Sections 4-9 of 
this report. 
 
The Project Workshop also included a 20-minute presentation entitled “Effluent Source 
Tracking Using Optical Brightener Fluorescence” by Chris Anastasiou, FDEP.  This 
presentation was designed to educate the participants regarding the potential for utilizing 
this method in the project WBIDs.  In this presentation, Chris discussed the history of an 
Environmental Protection Agency (EPA)-funded project that began in 2006 with the goal 
of developing a method of using optical brighteners (OBs) as a proxy for effluent source 
tracking.  This investigation was conducted in three Florida counties (Taylor, Citrus, and 
Sarasota) and demonstrated that the use of optical brighteners can be an effective 
screening tool and can provide guidance for discrete sampling.  An added benefit is the 
ability to gather thousands of data points within a short time period and be able to view 
results in “real-time”.  Challenges associated with this method include: 1) possible 
interference of colored dissolved organic matter (CDOM) and salinity with the OB signal 
in estuarine waters; 2) the lack of understanding of temporal variability (e.g., effects of 
rainfall, laundry day, time of day); and 3) the need to link fluorometry results to 
bacteriological sampling results.  Data analysis for this project is currently ongoing and 
preliminary results were presented in a report in June 2007 by PBS&J.  This project, 
including additional deployments and the possibility of an expanded testing area, has 
been extended for one year.   

Section 2.2 Identification of Potential Sources 
 
The data acquisition and compilation assessment efforts summarized above were then 
used to identify potential sources of fecal coliform contamination in each of the six 
project WBIDs.  Recognition of these potential sources and their possible geographic 
locations was a key element to designing the implementation portion of the project (e.g., 
determining sampling station locations and identifying appropriate and cost-effective 
source-tracking tests).  Sections 4-9 provide details of these results; Table 2 presents a 
brief summary for each WBID.   
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Table 2.  Summary of potential sources for each WBID. 
WBID Most Likely Sources Additional Potential Sources Suggested Number of 

Initial Sampling 
Stations 

Hillsborough River 
(1443E) 

Sewer (SSOs) 
 

Stormwater 
Homeless populations 

Lowry Park Zoo (old source?) 
Live-aboard vessels 

Bird populations 
Dog track and parks 

Wildlife 

10 

Flint/Baker Creek 
(1522A/1522C) 

OSTDS 
Livestock 

Sewer (upstream of Baker Creek) 
Stormwater 

Wildlife 

8 

Blackwater Creek 
(1482) 

OSTDS in eastern portion 
Livestock throughout Cone Ranch 

Sewer (upstream of Blackwater 
Creek) 

Stormwater 
Chicken houses/manure spreading 

Wildlife 

6 

Spartman Branch 
(1561) 

OSTDS 
Livestock 

Sewer 
Stormwater 

Wildlife 

7 

New River (1442) Livestock and/or sewer north of State 
Road (SR) 54 

OSTDS south of SR54 
Livestock in southern portion 

Stormwater 
Wildlife 

6 
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Section 2.3 Walk the WBIDs 
 
The “Walk the WBIDs” exercise took place on May 7-10, 2007, and included 
participation from twelve individuals representing eight organizations: FDEP, EPCHC, 
COT, HCHD, University of Florida Institute of Food and Agricultural Sciences (UFL 
IFAS), Scott Emery (HC Water Resources Advisor), USF, and PBS&J.  This effort had 
four main objectives:   

1. confirm tributary characteristics and sampling locations; 
2. verify land use and current ideas of potential sources in each watershed; 
3. elicit any additional information from participants; and 
4. improve the overall understanding of the characteristics of each WBID. 

 
Information resulting from this exercise is included in Sections 4-9 of this report.   

Section 2.4 Sampling Site Location Selection 
 
Information collected in Phase I—including historical data, potential contamination 
sources, land-use types, hydrologic features, and site accessibility—was used to (1) 
confirm tributary characteristics and identify sampling locations, (2) verify land use and 
ideas about potential sources in each watershed, and (3) gain a better understanding of 
each WBID’s characteristics.  In addition, when historical data were available at 
consistent locations, the same sampling stations were used to help detect long-term trends 
and potential causes of declining (or improving) water quality. 
   
A minimum of three “fixed” sampling stations should be used for any given tributary. 
Sampling stations were selected such that these sites would be sampled by USF and 
PBS&J and to provide consistency to the sampling program across seasons and would 
serve to characterize the upstream, midstream, and downstream areas of the WBID. If a 
potential source is identified, these stations should be located such that one is as close as 
possible to the potential source, one is downstream and one is upstream. The upstream 
sampling station would serve as a reference station.  
 
In addition to the three “fixed” stations, “flexible” stations should be used for 
supplemental analysis and may need to be added during the duration of the sampling 
program in order to help focus the investigation toward areas containing more likely 
sources, e.g. an agricultural source such as a cow pasture or a pipe discharging to the 
tributary. Additional stations may also be utilized to further investigate potential illicit 
discharges or to help locate or confirm areas of failing infrastructure or septic tank 
seepage once a human source has been identified. If a potential source is not present, a 
minimum of three stations may be required to characterize the spatial extent of the 
watershed. If the water body branches at any point, it is also important, whenever 
possible, to sample each branch, especially if different land-uses are represented within 
the two (or more) watersheds.  These “flexible” stations were then sampled by FDEP 
personnel. 
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Section 3.0 Phase II, Level I – Initial Testing Approach  
 
Phase II, Implementation, utilized a decision tree-based approach (Figure 3) designed 
to build on the results of the Phase I effort and continue screening for potential sources of 
fecal contamination.  To minimize cost and time, this approach uses lower-cost, more 
basic methods first, followed by higher-cost, more sophisticated methods.  The approach 
follows the EPA (2005) recommendation of using some combination of MST methods 
coupled with chemical tracers where appropriate. Use of multiple MST methods 
increases the confidence in source identification because the error rates of individual 
procedures are affected by complex factors that are not fully explored due to the recent 
deployment of these methods (Stoeckel & Harwood 2007); the weight-of-evidence 
approach used in this study places more weight on the positive or negative result of 
multiple methods.   
 
As indicated in the diagram (Figure 3), progression through the different levels is based 
on the results of the previous tests.  The final step links the source identified from the 
testing process to the potential sources observed in the field in order to confirm results.  
Initially (e.g., for the first sample event), all of the advanced MST tests are conducted 
simultaneously in order to provide an overview of source-types that test present or absent 
throughout the watershed.  As the sampling program progresses, it is expected that the 
use of the tests included in the decision-tree would become continually more site-
specific.  All tests are administered on an as-needed basis in order to provide the 
necessary weight-of-evidence to support the identification of a specific source.  For 
example, a source or source-category identification is not made based solely on a single 
test result; test results are considered in conjunction with one another and/or are 
confirmed by background knowledge of the area or field observations.  The expectation 
was that this endeavor will eliminate the need to continue the sampling effort in Level II 
for those WBIDs or sites that are impacted by more obvious sources.   
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Section 3.1 Bacteriological Assays 
 
The relationship between different types of indicator organisms has for years been 
suggested as a means of discriminating among sources and relative age of fecal pollution. 
Versions of Standard methods for the Examination of Water and Wastewater before 1995 
(APHA 1995) included using the ratio of fecal coliforms to fecal streptococci as a 
discriminator between human and animal pollution. Clostridium perfringens is a spore-
forming organism that survives well in sediments for years, therefore some had suggested 
that its concentration in sediments might act as an indicator of older reservoirs of 
pollution (Hill et al. 1996).  Over succeeding years, ample evidence has accumulated that 
the effect of environmental stressors on microbial survival is complex and does not affect 
all indicator bacteria groups equally. Furthermore, the relative density of the microbial 
population in animal feces and humans is unpredictable. The combined weight of these 
uncertainties has led to great caution when interpreting the difference between ratios of 
indicator bacteria types in environmental samples. With that caveat in mind, it has 
frequently been observed by the Harwood laboratory that waters recently contaminated 
by fecal pollution, whether from animals or humans, tends to contain high levels of fecal 
coliforms, E. coli and enterococci (all values are within 1 order of magnitude). When 
enterococci concentrations are high, but fecal coliform and E. coli levels are low (>1 
order of magnitude lower than enterococci), host-specific markers indicating recent fecal 
contamination are rare. This situation frequently occurs under low-rainfall conditions 
when one would not anticipate contamination by run-off. It is hypothesized that the low 
E. coli – high enterococci suggests “aged” fecal pollution, in which the enterococci have 

Figure 3.  The decision-tree approach designed to use lower-cost, more basic methods first, followed by 
higher-cost, more sophisticated methods.  This system, based on information gained through previous 
sampling results, is implemented each month to help plan for future sampling and analysis efforts. 
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proliferated in surface waters/sediments, while the E. coli have not. The cases where fecal 
coliforms and enterococci are high, but E. coli are low, suggest a similar interpretation 
since some fecal coliform species seem to be quite persistent and may grow in Floridian 
freshwater systems. Again, these inferences must be made cautiously and with supporting 
data, but they may also aid in interpretation of data using a weight-of-evidence approach. 
 
Section 3.1.1 Sampling Methodology 
 
A minimum of 3 “fixed” sampling stations was used for each tributary. These 3 stations, 
sampled by USF and PBS&J staff, provided consistency to the sampling program across 
seasons and served to characterize the upstream, midstream, and downstream areas of the 
WBID. If a potential source was identified, these stations were located so that one was as 
close as possible to the potential source and two additional stations bracketed the area of 
interest, so that the upstream sampling location served as a reference station.  
 
In addition to the 3 “fixed” stations, “flexible” stations were used for supplemental 
analysis and were added to help focus the investigation on areas containing more likely 
sources—e.g., an agricultural source such as a cow pasture. Additional stations were also 
used to further investigate potential illicit discharges or to help locate or confirm areas of 
failing infrastructure or septic tank seepage once a human source was identified. If a 
potential source was present, a minimum of three stations was required to characterize the 
spatial extent of the watershed. If the waterbody branched at any point, it was also 
important, whenever possible, to sample each branch, especially if different land uses 
were represented within the two (or more) watersheds. FDEP personnel sampled these 
“flexible” stations.  Water samples were routinely analyzed for fecal coliforms at these 
locations; however, USF periodically conducted further analyses (e.g., indicator suite 
analysis of sediments, more advanced MST tests) at individual stations, as necessary.  
The number and location of “flexible” stations changed and generally increased over the 
duration of the project.  
 
Monthly water samples were collected in each WBID from May to December 2006. The 
sampling time coincided with an outgoing tide for the Lower Hillsborough River, the 
only tidal waterbody. Sediment samples were also taken from each “fixed” site, and some 
“flexible” stations, at least once during the study period. To some extent, this allowed for 
a comparison of water and sediment bacterial concentrations, allowing inferences on 
whether (1) the sediment was acting as a reservoir for these bacteria due to previous 
pollution or (2) high concentrations were due to recent contamination. Additional field 
data and general observations were also collected to help determine contamination 
sources. MST methods were employed using the decision-tree approach for each site to 
identify specific sources (e.g., human, ruminant, or horse); each site was tested at least 
once, and sites showing consistent elevated bacterial concentrations or sporadic marker 
presence were tested more frequently. 
 
Section 3.1.2 Enumeration of Indicator Bacteria 
 
Water and sediment samples collected at “fixed” sampling locations were processed by 
membrane filtration (0.45μm pore-size, 47mm diameter) using a vacuum pump to 
enumerate a suite of indicator bacteria including Escherichia coli, fecal coliform, and 



Phase II Level I – Initial Testing Approach 

13 
 

Fecal BMAP Implementation 
Summary Report, Draft Final April 2008 

enterococci. These indicator organisms (IOs) were used to better characterize microbial 
pollution and distribution in the water column and sediments and to aid in identifying 
probable sources. Although these bacteria do not directly cause disease, large quantities 
suggest the presence of disease-causing agents.  Appendix A provides details concerning 
USF laboratory methodologies. 
 
Supplemental water samples collected from “flexible” stations were sampled and 
typically analyzed for fecal coliforms only, by FDEP personnel.   
 
Section 3.1.3 Microbial Source Tracking 
 
The MST methods summarized below were used to help identify sources of indicator 
bacteria pollution. These methods, including nonlibrary–based techniques, have not been 
adopted by regulatory agencies but have been incorporated into a draft EPA guidance 
document (2005). Consistent with other emerging fields in the environmental sciences, 
development, assessment, and validation of each of the methods is an adaptive process. 
 
Polymerase chain reaction (PCR) is a process in which many copies of a specific DNA 
sequence can be synthesized from a small amount of starting material (the “template”). 
This process, called amplification, generates enough material to be visualized or 
manipulated for further investigation. The library independent presence/absence testing 
using PCR uses primers that target specific microbial DNA sequences unique to microbes 
from a specific source, such as humans and cattle. For example, Bacteroides, a fecal 
anaerobe genus present in both human and animal intestines, is used as a target for this 
type of source identification technique (Bernhard & Field 2000c, a).  
 
Another target organism for this type of PCR technique is Enterococcus faecium, one of 
the dominant enterococci found in human feces. The virulence factor, entercoccal surface 
protein (esp), found in this species is linked to sewage originating from humans, not 
animals (Scott et al. 2004). The procedure and PCR conditions applied for Bacteroides 
assays, using primers for human- (Bernhard & Field 2000b), ruminant- (Bernhard & 
Field 2000b), and horse- (Dick et al. 2005a) associated Bacteroides, were changed during 
the sampling period. To increase the sensitivity of the assay and reduce PCR artifacts, 
PCR was performed on extracted DNA from water samples rather than whole-cell 
templates beginning in August, and the reamplification of PCR products was 
discontinued for all Bacteroides assays. Furthermore, the touchdown PCR program, used 
for all Bacteroides assays, was discontinued only for the horse-associated Bacteroides 
assay in October due to the production of spurious bands, and a standard cycle was 
implemented that resolved this issue. The presence of the human polyomavirus (HPyV), a 
nonpathogenic virus with a high carrier rate among humans, was also evaluated 
(McQuaig et al. 2006b).   

 Section 3.2 General Water Quality Parameters 
 
Physical-chemical measurements in the water column included temperature, pH, 
conductivity, salinity, dissolved oxygen, and turbidity at each of the stations at the time 
of sampling. These measurements were taken by the entity responsible for collecting the 
bacteriological samples at each station. General observations, including weather 
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conditions and tributary characteristics, and data analysis exploring the possible 
relationships between these factors and bacteria levels were performed throughout Level 
I sampling to help identify potential sources. 

Section 3.3 Fluorometry 
 
Fluorescence is a characteristic of certain molecules that absorb specific wavelengths of 
light and consequently emit longer wavelengths of light. Optical brighteners (OBs), a 
common additive in laundry and dishwashing detergents, absorb light energy below 400 
nm and emit light in a general range of 430 nm to 450 nm. Fluorometry can be used to 
detect and estimate quantities of OBs.  Since laundry water is generally discharged to 
sanitary sewers or onsite treatment and disposal systems (OSTDS), OBs are typically 
present in most human waste treatment and conveyance systems. It should be noted that 
in rare cases, older residential structures may have drainage systems for laundry 
wastewater that are separate from either the septic tank drain field or a sewer line, 
although this is not a practice that is permitted or condoned by regulatory agencies in 
Florida. Releases of residential wastewater into water bodies may contain these 
compounds.  
 
Fluorometry has been used successfully to detect plumes from OSTDS in surface waters 
(Grant 1998, TAMU 1999) and can be a cost effective and reliable technique for 
identifying domestic wastewater contamination when used in conjunction with fecal 
coliform bacteria (Waye 1999, Dixon et al. 2005); however, a methodology has not been 
approved by the EPA (Charlotte Harbor Environmental Center 2003). One of the primary 
advantages to this technique is that it can provide real-time results when a field 
instrument is employed. This technique may prove most beneficial when utilized as a 
flow-through instrument mounted on a vessel, providing continuous sampling output and 
patterns of fluorescence. This strategy would restrict the use of the method to navigable 
waterways.  
 
The use of fluorometry in detecting human fecal contamination has yielded variable 
results likely due to the background fluorescence from organic compounds (Hartel et al. 
2007a, Hartel et al. 2007b).  In an estuarine environment where naturally-occurring 
substances, such as humic acids or tannins also fluoresce, the use of optical brighteners as 
an indicator of human wastewater may demand extensive post-processing to effectively 
separate the fluorescence signal of humics from that of the brighteners (Dixon et al. 
2005).  Another solution is to decrease this interference by utilizing excitation:emission 
filters that enhance the resolution of the instrument for certain wavelengths.  The use of 
this more restricted wavelength filter reduces background fluorescence caused by organic 
matter by over 50% (Hartel et al. 2007b).  Additional work has been done to discriminate 
OBs from other interfering organic molecules by comparing ultraviolet (UV)-degradation 
rates (Hartel et al. 2007a). OBs degrade rapidly when exposed to UV light, whereas 
organic tannins and humic acids break down more slowly; thus a large decrease in 
fluorescence after brief exposure to UV is in theory indicative of optical brighteners.  
 
During this study, Dr. Harwood’s laboratory and the FDEP Southwest District Office 
attempted to use fluorometry in the project WBIDs to help identify sources of fecal 
coliform contamination.  The presence of organic compounds in Florida waters, however, 
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proved to interfere with the detection of OBs by fluorescing and giving a “false-positive” 
signal.  USF utilized a hand-held fluorometer to conduct a series of experiments using 
various concentrations of “Tide” laundry detergent dissolved in purified water.  The 
results suggest that this methodology, as currently utilized, is not as sensitive to gross 
fecal contamination as E. coli measurements and that it may be difficult to accurately 
discriminate sewage from naturally fluorescing compounds in Hillsborough River water.  
As a consequence of USF’s preliminary fluorometry results, Dr. Harwood’s laboratory 
focused on determining whether: 1) their instrument was sensitive enough to detect the 
OBs in environmentally relevant concentrations, and 2) if Dr. Hartel’s method of 
exposing tannic waters to UV light and discriminating OBs from other molecules by 
comparing UV-degradation rates would work in Florida waters. Dr. Hartel’s work in 
Georgia indicated that OBs degrade rapidly when exposed to UV light, whereas organic 
tannins and humic acids break down more slowly; thus a large decrease in fluorescence 
after brief exposure to UV is in theory indicative of optical brighteners.  Dr. Harwood’s 
laboratory results indicated that pure water and Hillsborough River water have similar 
degradation rates and that an adequate signal was not being obtained from sewage.  Dr. 
Harwood’s results from the field station samples also suggest that the levels of OBs at the 
different sites were all similar and could not be discriminated from one another, despite 
significant differences in fecal coliform levels.   
 
Two fluorometry sampling strategies were also employed by the FDEP. The first 
involved the collection of grab samples at stations selected during the MST Level I Initial 
Testing Phase while the second involved the use of a real-time flow-through fluorescence 
system. The first methodology included the collection of three sets of OB samples at each 
site concurrently with the bacteriological and chemical samples.  This technique was 
designed to discriminate optical brighteners from other compounds by utilizing a dual-
fluorometer system for analysis in the laboratory.  This methodology allowed for the 
calculation of relative fluorescence using a ratio between fluorescence resulting from 
CDOM and that by optical brighteners.  The second technique implemented by the FDEP 
utilized an in-water probe that could be used in systems that are navigable by boat (e.g., 
Lower Hillsborough River, Lake Thonotosassa).  Both of these methodologies are limited 
in their utility by many factors, including when people do their laundry and how long it 
takes that water to move through the system.   
 
The FDEP conducted an initial field test using the flow-through system in Lake 
Thonotosassa.  Most of their effort was focused in the northern portion of the lake.  
Preliminary results indicated that higher levels of OBs were identified, without a 
corresponding increase in CDOM, in the area around the outflow to Flint Creek.  The 
benefits of using an in situ, real-time instrument that allows the investigation to be more 
focused in areas where higher levels of OBs are observed were evident. The lower 
Hillsborough River, Lake Thonotosassa, and Walden Lake would be good environments 
to continue testing this technique because they allow for continuous measurement.   
 
Currently, results from both the USF and FDEP approaches have been largely 
inconclusive; however, direct comparisons of the various OB-fluorescence methods as 
well as results from the microbial tests are expected to continue in future months.  
Preliminary fluorometry results using raw optical brightener fluorescence in the lower 
Hillsborough River suggest a reverse relationship with salinity, as expected.  
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Section 4.0 Analysis of Phase II, Level I Water Quality 
Data   

 
Upon completion of Phase II, Level I sampling, the Hillsborough River BMAP Fecal 
Database contained 241 unique entries consisting of the indicator suite (fecal coliform, E. 
coli, and enterococci) bacterial concentrations (i.e., log abundance), MST test results, and 
a host of abiotic parameters (e.g., pH, temperature, conductivity, salinity, turbidity) 
recorded during 8 sampling events (May-December 2007) at 55 stations throughout 6 
WBIDs in west-central Florida.  Stations falling within five miles of a daily rainfall 
gauge (three operated by COT, one by USGS; Map 2) were appended with time-lagged 
rainfall data (1-day, 2-day, 4-day, 7-day, and 14-day totals) matching the periods of 
record.  All database entries were vetted for missing, duplicate, or erroneous values prior 
to further analysis. A general discussion of the variety of statistical results performed 
using this database is included below; a more detailed description of each analysis and 
the associated findings are included in Appendix C.   
 
In general, each of the 6 watersheds sampled had sites with indicator bacteria 
concentrations that regularly exceeded the state standard for fecal coliform 
(http://www.dep.state.fl.us/legal/Rules/shared/62-302/62-302.pdf) designated at 400 
CFU/10mL, as well as the EPA standard for enterococci, designated as 33 CFU/100mL 
(http://www.epa.gov/waterscience/criteria/library/ambientwqc/bacteria1986.pdf).  
Geometric means of indicator organisms from sites for each WBID also showed elevated 
concentrations of indicator bacteria in water and sediments that exceeded this standard 
(Figures 4 and 5). Concentrations of each indicator bacteria in sediment showed 
significant positive correlations (p ≤ 0.0006) with concentrations in the water column 
with r2 values of 0.49 for fecal coliform, 0.47 for E. coli, and 0.27 for enterococci 
(Appendix C, Table 1).   
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Geometric mean concentration of IO by sampling station
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Figure 4. Geometric mean concentration of indicator organisms (IOs) by sampling station in water samples (top graph) and sediment samples (bottom graph). Calculations were 
performed on all available data collected under flowing conditions. 



Analysis of Phase II, Level I Water Quality Data 
 

18 
 

Fecal BMAP Implementation 
Summary Report, Draft Final April 2008 

Figure 5.  Geometric mean concentration of indicator organisms (IOs) by WBID in water samples (top graph) and sediment samples (bottom graph).  Calculations were 
performed on all available data collected under flowing conditions. 
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Indicator suite organism (hereafter, ‘IO Suite’) abundance values were tested for 
correlations with available water quality parameters; i.e., turbidity, salinity, pH and 
temperature.  Significant linear relationships were found for fecal coliform and E. coli 
abundance with pH at various stations; however, because the correlation itself and the 
direction of the correlation are not consistent, the detection of significance may merely be 
the result of chance after numerous tests were performed or the presence of an interacting 
factor.  As expected, fecal coliforms were generally negatively correlated with salinity at 
several sites within the Lower Hillsborough basin.  This is likely due to the high 
inactivation (“die-off”) rate of both fecal coliforms and E. coli in saline waters (Anderson 
et al. 1979, Solic & Krstulovic 1992, Bordalo et al. 2002, Anderson et al. 2005).  It 
should be noted that a small subset of abiotic parameter values were excluded from 
analysis due to apparent instrument error. 
 
Comparisons among IO concentrations are important as the persistence, as well as the 
potential for multiplication, especially in warm subtropical waters, may differ among 
species.   For example, higher concentrations of enterococcci may be indicative of an 
older source of pollution (e.g., stormwater runoff) as opposed to a more recent source 
(e.g., SSO).  Although it has not yet been scientifically documented, enterococci appear 
to demonstrate greater persistence and growth under certain circumstances, such as 
within enclosures and underground stormwater storage units (personal communication, 
Dr. Valerie J. Harwood, October 3, 2007).  In all cases other than New River, bacterial 
species were found to be positively correlated with each other (Table 3).  This may 
indicate that the IOs all exhibited similar behavior, in terms of potential persistence 
and/or growth, under the circumstances present in all of the basins except the New River, 
over the duration of the project. 
 
Table 3.  Summary of results for the correlative analysis among IO Suite organism concentrations within 
each WBID.  Significance was assessed at an alpha of 0.05.  Reported values are Pearson correlation 
coefficients. 

WBID IO Fecal Coliforms E.coli
Fecal Coliforms
E.coli 0.715
Enterococci - X (r=0.661,p=0.007)
Fecal Coliforms
E.coli 0.681
Enterococci 0.745 0.622
Fecal Coliforms
E.coli 0.666
Enterococci 0.576 0.596
Fecal Coliforms
E.coli 0.903
Enterococci 0.807 0.853
Fecal Coliforms
E.coli -
Enterococci - -
Fecal Coliforms
E.coli X
Enterococci X (r=0.747,p=0.001) 0.743

'  - ' =  Not significant
X = Not normally distributed

NR

SB

BK

BW

FL

HR
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Analysis of bacteria levels with relation to rainfall was conducted for all sampling 
locations within five miles of an actively-reported rain gauge (Map 2).  Significant 
correlations were only observed in the 7-day and 14-day totals for stations within the 
Lower Hillsborough River and these trends were always positive in nature.  Most 
commonly, they reflected fecal coliform and enterococci concentrations, suggestive of 
the presence of a stormwater-related source; however, station HR2 yielded a strong 
correlation with 14-day rainfall and all three IOs possibly suggesting the presence of 
more recent contributions. 
 

Map 2.  USGS and COT rainfall stations and Lower Hillsborough River MST project WBIDs.  
 
MST results did not always correlate with indicator concentrations.  Exceptions include 
the human-specific Bacteroides marker (hereafter, ‘human Bacteroides’) at ‘all WBIDs’ 
and the Lower Hillsborough River and the ruminant-specific Bacteroides (hereafter, 
‘ruminant Bacteroides’) at Blackwater and Baker Creeks, though these relationships, 
were relatively weak.  In addition, it was determined that E. coli levels were positively 
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correlated with the detection of the ruminant marker.  This implies that ruminant sources 
may be somewhat enriched with E. coli as compared to other potential sources.  If this is 
the case, use of E. coli to fecal coliform ratios may be able to be utilized to discriminate 
ruminant sources from other contributors, though additional data is needed to draw a 
more definitive conclusion.  Additional analyses used to better investigate the 
relationship between fecal coliform concentrations, particularly levels exceeding 400 
CFU/100mL, and the presence or absence of MST markers, demonstrated that 
correlations existed for human-specific markers only and only in particular WBIDs.  
These results suggest that the use of the 400 CFU/100mL as a standard may be somewhat 
helpful in discriminating human-specific sources from other potential contributors. 
 
The use of several MST markers for human contamination is one means of increasing the 
confidence in results. Because the markers are different in terms of sensitivity, 
specificity, and fate in the environment (e.g. esp does not survive well in septic systems; 
viruses are smaller and more mobile in surbsurface flow than bacteria), their results in the 
same sample frequently differ. The confidence with which one can conclude that 
“microorganisms from human sources are present” (or are likely to be absent) at a given 
site is greatly increased when multiple markers are observed across more than one sample 
event.   
 
Human Bacteroides were detected significantly more frequently than other markers (p < 
0.0001), possibly due to higher concentrations in water than either esp or HPyV. 
Although a complete understanding of the performance of the individual methods in the 
variety of complex environmental scenarios encountered in this study is still required, the 
relatively high level of detection of the human Bacteroides marker is also possibly due to 
a greater level of sensitivity of this assay as compared to the other human-specific 
markers (the HPyV marker is likely the least sensitive of the assays utilized in this study).  
It is also important to note that some of the lowest levels of co-occurrence were found 
between esp and the other human-specific markers.  Although the esp gene is commonly 
found in human sewage resulting from sanitary sewer systems, it less frequently survives 
through the storage tanks and associated drainfields of septic systems [personal 
communication, Dr. Valerie J. Harwood, September 24, 2007; (Whitman et al. 2007)]. 
This disparity has not been observed for human Bacteroides.  The lack of positive esp 
indicators, together with the presence of human Bacteroides and HPyV markers, lends 
support to the idea that OSTDS are a probable source.  As a result, the low level of co-
occurrence between esp and the other human-specific markers would be expected if some 
of the sources identified in the project WBIDs include OSTDS.  
 
The horse-specific Bacteroides marker produced some false-positive results at the 
beginning of the study (notably at HR sites) due to the formation of PCR artifacts. 
Further testing showed that the spurious PCR products were due to the formation of 
primer dimers. The protocol was altered to lower the primer concentration and remove 
the “touchdown” component of the cycle. Subsequent testing against target and non-
target feces and water samples showed the reaction to be sensitive and specific for horse 
feces. The new protocol was used from the October sampling event on, and produced no 
results that appeared to be false-positives (all positives were consistent with land use). 



 
 

22 
 

Fecal BMAP Implementation 
Summary Report, Draft Final April 2008 

Section 5.0 New River – WBID 1442 
Section 5.1 Background 
 
The New River headwaters are located approximately four miles north of State Road 
(SR) 54 in Pasco County, just west of the City of Zephyrhills, Florida.  The New River 
flows south into the northern portion of Hillsborough County (Map 3).  The majority of 
the New River is contained in a single channel, with the exception of the portion just 
north of SR-54.  The northern section includes one main bifurcation, forming the 
“eastern” and “western” branches.  The eastern branch is the larger of the two and has 
two additional, yet smaller, divisions.  This portion of the tributary originates in 
pasturelands northeast of County Road (CR) 579 (Handcart Road).  The western branch 
consists of a single channel that originates in the Aberdeen and New River housing 
subdivisions. The river, in its entirety, is characterized by a relatively small water volume 
and low flow throughout; flow may be non-existent at times in many areas of the WBID.  
Analysis of impervious surface, using coefficients derived from those provided in the 
Impervious Surface Analysis Tool (ISAT) developed by the National Oceanic and 
Atmospheric Administration (NOAA) Coastal Services Center in partnership with the 
University of Connecticut, Nonpoint Education for Municipal Officials (NEMO) Project, 
indicates that the New River WBID contains less than 10% impervious surface; however, 
the area is currently undergoing rapid development.  A soils survey [United States 
Department of Agriculture/Natural Resource Conservation Service (USDA/NRCS), 
provided by SWFWMD 2000] indicates that the majority of the New River WBID 
contains soils with slow to very slow infiltration rates.  A few areas, primarily located in 
the residential area south of SR-54 and east of New River, contain soils with hydrologic 
classifications indicating high infiltration rates, which could compromise the 
effectiveness of OSTDSs.   

Section 5.2 Preliminary Assessment 
 
Data received for WBID 1442 from EPCHC AWQM, STORET, Legacy STORET, and 
USGS NWIS Stations between 1990 and 2006 indicate only modest levels of fecal 
impairment (geometric mean =  173 colony forming units (CFU)/100mL; maximum = 
4,300 CFU/100mL; n = 20).   
 
The results of the initial screening process indicate that the potential sources of fecal 
contamination in the New River differ with location within the WBID.  North of SR-54, 
probable sources of fecal contamination include livestock (cattle and horses), a lower 
probability of human wastewater influence, and the potential for stormwater and wildlife 
impacts. The western branch of the river north of SR-54 is characterized by relatively 
new residential subdivisions that are serviced by public water and sewer (Appendix D, 
Photograph 1), and a growing commercial corridor along SR-54.  Prior to the 
development of these subdivisions, the primary land use in this area was pastureland.  
The eastern branch is dominated by pasturelands with cattle, horses, occasional goats and 
other small domestic animals and woodlands (Appendix D, Photographs 2 and 3) mixed 
with low-density residential areas, including mobile homes, serviced by OSTDS; these 
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homes are generally not located in close proximity to the stream channel.  Swales are 
present on both sides of Morris Bridge Road and act as a conveyance system for 
stormwater to reach the river. In addition, there is a new stormwater retention pond with 
an associated weir servicing the Oak Creek subdivision (established in 2004) that 
eventually discharges into the river.    
 
The Southeast Regional Pasco County wastewater/reuse plant is located just west of the 
junction of Handcart Road and Eiland Boulevard, just east of the New River.  An on-site 
consulting engineer for this wastewater treatment facility (WWTF) indicated on February 
3, 2007, that the plant did not discharge to the river, even during wet weather events, and 
that 100% of the effluent was reclaimed; however, this facility was named in the FDEP 
consent order with Pasco County in 2006 as having a variety of wastewater violations 
which were primarily overflows and discharges from Handcart Road pond and associated 
storage tanks.  
 
Likely sources of fecal contamination transition from probable animal sources north of 
SR-54 to primarily human sources (i.e., septic systems) south of Chancey Road.  This 
section of the tributary is characterized by mobile home/recreational vehicle (RV) parks 
and rural homes (some of which are located on unpaved roads), which are in close 
proximity to surface waters and are serviced by OSTDS. Many homes lack mounded 
drain fields, although the area is generally low-lying. One RV park, located immediately 
south of SR-54 and east of the stream channel, contains a large septic tank mound within 
approximately 20 meters of the New River (Appendix D, Photographs 4 and 5).  As noted 
above, soils in this area of the New River include those with high infiltration rates.  The 
combination of these soil types and unmounded septic systems indicates a high likelihood 
that OSTDS account for some portion of local sources of fecal pollution.  Field 
observations made on May 8, 2007, did not reveal any straight-pipe illicit discharges 
from OSTDS to the New River; however, an abundance of trash and a sewage odor was 
detected in this area (Map 3; Appendix D, Photographs 6 and 7).  In addition, a wetland 
located between a manmade dam just south of Brisk Drive and Chancey Road (see Map 
3; Appendix D, Photograph 8) may assist in remediating any potential upstream human 
sources of fecal pollution.  Although a potable water line, presumed to carry potable 
water to nearby residents, was observed along Lado Drive during the preliminary site 
reconnaissance efforts, information received from Pasco County indicates a lack of sewer 
and water infrastructure in this area.  Other sources of fecal contamination in this area 
may include animals such as cattle, horses, dogs, goats, chickens, and ducks (Appendix 
D, Photograph 9). 
 
Further downstream, potential sources of fecal pollution include both human (i.e., septic 
systems) and non-human (e.g., livestock) related impacts. Areas with rural and mobile 
homes on dirt roads serviced by septic systems are distributed between pastures and 
undeveloped lands.  One portion of the stream, located under Creek Road, is lined with 
cypress trees, indicating predominantly wet conditions.  This alternation between possible 
sources continues south into the northern reaches of Hillsborough County.  Three field 
reconnaissance efforts (January, February and May 2007) indicated that there was no 
flow in many areas of the New River, especially south of Chancey Road (Appendix D, 
Photograph 10). 
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There are no septic system “hot spot” areas identified by the HCHD (which uses an eight-
point selection criteria) within the New River WBID boundaries or immediate 
contributing waters within Hillsborough County. 

Section 5.3 Suggested Monitoring Stations 
 
As described in Section 5.2, the initial screening process revealed that the potential 
sources of fecal contamination in the New River are specific to the different regions of 
the tributary.   Upon completion of this phase of the project, it was suggested that six 
initial sampling stations (including three “fixed” stations and three “flexible” stations) be 
utilized to better assess these sources (Map 3; Table 4).  These station locations were 
investigated and confirmed during the “Walk the WBIDs” portion of Phase II.   
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Map 3.  Map of the New River upon completion of Phase I, including identified sampling locations for 
Phase II, historical sampling locations, and general points of interest. 
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Table 4. A summary of confirmed sampling locations within the New River WBID for Phase II, Level I 
analysis.   Stations NR1, NR2, and NR3 were identified for sampling by USF and PBS&J staff and stations 
DNR1, DNR2, and DNR3 were identified for sampling by FDEP personnel.  N/A = Not Applicable 
Station Potential 

Primary 
Source 

Station 
Location 

Corresponding 
Historical 

Station 

Fixed or 
Flexible 

Comments 

NR3 Livestock SR-54 STORET 
281312821558 

Fixed May need to add 
stations to account for 

East and West 
branches to north if 
see positive impacts 

for humans and 
livestock 

NR2 Human 
(OSTDS) 

Brisk 
Drive 

N/A Fixed Livestock and 
domesticated animals 
may also contribute to 
fecal pollution in this 

area 
DNR3 Human 

(OSTDS) 
Chancey 

Road 
STORET 

280954821553 
Flexible Potential human 

impacts from 
upstream may be 

mediated by wetland 
between Brisk Drive 
and Chancey Road 

DNR2 Livestock Betts 
Drive 

N/A Flexible Human impacts 
(OSTDS) may also 
contribute to fecal 

pollution in this area 
DNR1 Human 

(OSTDS) 
Creek 
Road 

N/A Flexible  

NR1 Livestock Morris 
Bridge 
Road 

EPCHC 523 Fixed  

Section 5.4 Phase II, Level I Sampling Results 
 
Level I sampling was greatly restricted throughout the majority of the study due to a lack 
of ambient surface water in the New River basin (Table 5). Although all stations with 
adequate water were sampled, the results should be read with the understanding that flow 
was nonexistent at times.  For example, the consequences of sampling surface waters that 
are not flowing may include results that represent the re-growth, or conversely, the die-
off of bacteria due to exposure to environmental stressors such as ultraviolet radiation.  
Alternatively, sampling of non-flowing water may be beneficial as it could be 
representative of a groundwater source that may not otherwise be discerned due to 
dilution by surface waters.  Although the interpretation of data from non-flowing water 
may prove useful in research investigations (e.g., source identification), these data should 
not be used in the establishment or implementation of regulatory standards.  Water was 
flowing at all stations during the August, September, and October sampling events, with 
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the exception of station NR2 in August.  Table 5 summarizes the New River sampling 
stations and their surface water status over the sampling period.  
 
Table 5.  A summary of the New River sampling stations and their surface water status over the sampling 
period (May – December).  N/A = Not Applicable. All stations are identified on Map 4.  

Station Month 
Added 

Months Sampled Dry No Flow 

NR3 May July - October May, June, 
November, 
December 

N/A 

NR2 May June - December May June, July, August, 
December 

DNR4 October October - December N/A N/A 
DNR3 May June, August - 

October 
May, July, 
November, 
December 

June 

DNR2 May August - October May, June, 
July, 

November, 
December 

N/A 

DNR1 May August - October May, June, 
July, 

November, 
December 

N/A 

NR1 May July - December May, June July, November, 
December 

 
Results indicate that the New River, when flowing, is only mildly impaired according to 
the water quality criterion for fecal coliform concentration in Class III water bodies 
(Chapter 62-302 of the F.A.C.; Table 6, Figure 6). During flow conditions, fecal coliform 
levels in water samples collected at all monitoring stations exceeded 800 CFU/100mL on 
only one occasion (station NR3 on July 25, 2007 = 2,800 CFU/100mL).  Although fecal 
coliform concentrations oftentimes fell below 400 CFU/100mL, this criterion was 
commonly exceeded during the September 2007 sampling event.  Despite the lack of 
observed correlations amongst IOs within the New River basin (Table 3), enterococci 
concentrations frequently exceeded 800 CFU/100mL reaching levels of 1,040 
CFU/100mL at station NR3 in July, 8,000 CFU/100mL at station NR2 in September, and 
850 CFU/100mL, 900 CFU/100mL, and 1,550 CFU/100mL at station NR1 in August, 
September, and October, respectively.   
 
As noted above, on one occasion (July 25, 2007), levels of fecal coliforms in the water 
column at station NR3 reached 2,800 CFU/100mL.  Although evaluation of the potential 
impact of rainfall on bacterial numbers could not be conducted for the New River basin 
due to lack of proximity (>5 miles) to an actively-reported rain gauge, it should be noted 
that, according to USGS rain gauge 2303330 (Map 2), it had rained in the area for nine 
days prior to this sampling event, totaling 3.25 inches of rainfall.  In contrast, each of the 
other sampling events, when indicator bacteria levels were considerably lower, was 
preceded by at least two days with little to no rain.  This pattern suggests that the source 
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of pollution identified at station NR3 was stormwater-related and likely originated in 
upstream cattle pastures north of SR-54.   
 
Although one sediment sample was taken at each of the “fixed” sites, only one sample, 
collected at station NR3, was taken within the New River watershed under flowing 
conditions.  At stations NR1 and NR3, the IO Suite abundance was higher in the 
sediments than the water samples collected on the same date.  In contrast, fecal coliform 
concentrations were substantially higher in the water column than the associated 
sediments at station NR2 in June under non-flowing conditions (water = 78,000 
CFU/100mL, sediment = 29,500 CFU/100g; Figure 6). The extremely elevated counts of 
indicator bacteria in the sediments at stations NR3, NR2 and NR1 (fecal coliforms, E. 
coli, enterococci in CFU/100g; = 27,500, 950, 90,500; 29,500, 16,500, 3,000; 102,000, 
1,000, 5,750 respectively; Figure 6), suggest either recent and/or periodic inoculation or 
extended persistence of indicator bacteria in the sediments (Davies et al. 1995, Anderson 
et al. 2005).  Periodic re-inoculation of the water column from this reservoir is a likely 
explanation for the chronic and slightly elevated levels at these sites; however, higher 
levels of fecal coliforms in the water column relative to the sediments at station NR2 may 
suggest the presence of a more recent source.  
 
Table 6.  Geometric mean concentration of indicator organisms (IOs) in water and sediment samples 
collected in the New River basin.  Calculations were performed on all available data collected under 
flowing conditions. 

  Fecal Coliforms E. coli Enterococci 
WBID GeoMean N SE Max GeoMean N SE Max GeoMean N SE Max 

New River 
(water) 

2.56 22 0.08 3.45 1.94 10 0.15 2.62 2.79 10 0.18 3.90 

New River 
(sediment) 

4.44 1 N/A 4.44 2.98 1 N/A 2.98 4.96 1 N/A 4.96 

 
The lack of flowing water throughout the New River watershed on a regular basis 
prevented analysis of IO Suite abundance in relation to the abiotic environment as well as 
the multivariate analysis of IO Suite abundance and MST results.  Despite the inability to 
perform these investigations, a basic evaluation of the presence and absence of specific 
MST markers at various stations throughout the basin can provide useful information 
regarding contributing sources. For example, unsurprisingly, all human-specific MST 
tests conducted at stations NR3 and NR1 were negative while two of those performed at 
station NR2, coinciding with elevated levels of IOs, yielded positive results for human 
Bacteroides and HPyV (Figure 6; Table 7).  Although the esp gene is commonly found in 
human sewage resulting from sanitary sewer systems, it less frequently survives through 
the storage tanks and associated drainfields of septic systems [personal communication, 
Dr. Valerie J. Harwood, September 24, 2007; (Whitman et al. 2007)]. This disparity has 
not been observed for human Bacteroides.  The lack of positive esp indicators, together 
with the presence of human Bacteroides and HPyV markers, lends support to the idea 
that OSTDS are a probable source of the fecal contamination at station NR2.  The 
occurrence of the human Bacteroides marker identified in non-flowing water with fecal 
coliform concentrations reaching 6,800 CFU/100mL adds support to the contention that 
the source of contamination at station NR2 is transported through groundwater and not 
surface flow, thereby further suggesting OSTDS as a likely source.  Station DNR4 was 
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added during the October-December sampling events in the vicinity of the sewage odor 
detected during the “Walk the WBIDs” effort to help determine the spatial extent of the 
fecal coliform contamination downstream of station NR2 (Map 4).  During these months, 
both station NR2 and DNR4 demonstrated only minor, if any, exceedances of fecal 
coliforms (605 CFU/100mL and 500 CFU/100mL = maximum levels at NR2 and 
DNR4).  It should be noted that station DNR4 is located upstream of a wetland that may 
help to mitigate impacts before the pollution reaches station DNR3.  
 
As predicted, ruminant Bacteroides was detected at stations NR1 and NR3 under flowing 
conditions (Figure 6; Table 7), indicating that animals such as cattle and deer (most likely 
cattle from upstream pastures) are responsible for the fecal contamination present at these 
locations.  It must be noted that detection of the ruminant-specific marker at these 
locations coincided with low-to-moderate IO concentrations.  The ruminant-specific 
marker was also observed at NR2 where, on one occasion, it coincided with low levels of 
all IOs and may be explained by the livestock north of SR-54, the “back-yard” farms 
scattered throughout this neighborhood, or from a more local deer population.  Given the 
presence of human-specific markers at this location as well as the nature of the site, it is 
more likely that OSTDS are the primary contributors of fecal coliform pollution in this 
area.   
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Figure  6.  Indicator bacteria results at New River from the May through December 2007 sampling 
events.  Typically only water samples were collected and analyzed for fecal coliforms at the “flexible” 
stations, including DNR1, DNR2, DNR3 and DNR4. 
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Table 7.  Results of the source-specific microbial tracking tests utilized in this project as of December 
2007.  Results are reported as the number of positive results/total number of tests performed.  For example, 
0/1 = 0 positive tests out of 1 total test conducted.  Unless otherwise indicated, analyses were conducted on 
water samples.  Yellow shading indicates positive results. 

Station Human 
Bacteroides 

Enterococcus
(esp) 

Human 
Polyomavirus

Ruminant 
Bacteroides 

Horse 
Bacteroides

NR1 0/3 0/3 0/3 1/3 0/3 
NR2 1/7 0/7 1/7 2/7 0/7 
NR2 

(sediment) 
0/1 0/1 0/0 0/1 0/1 

NR3 0/2 0/2 0/2 1/2 0/2 

Section 5.5 Fecal Coliform Source Assessment Summary 
 
This evaluation indicates that the probable sources of fecal contamination in the New 
River differ with location within the WBID.  North of SR-54, cattle are the most likely 
source of fecal contamination, as detected at station NR3; however, it must be noted that 
the ruminant-specific marker was only detected once at this location, at which time it 
coincided with low levels of E. coli and enterococci and only moderately-elevated fecal 
coliform concentrations (fecal coliforms = 800 CFU/100mL).  Further downstream, south 
of SR-54 near station NR2, the most likely source of contamination appears to be human-
related.  The presence of human-specific markers, with the exception of esp, under both 
flowing and non-flowing conditions suggest OSTDS as a primary contributor.  Elevated 
levels of IOs, coincident with the detection of human-specific markers, as well as the 
presence of residential communities in this relatively low-lying area with un-mounded 
septic system drainfields, further supports OSTDS as a local source of fecal coliform 
pollution.  Additional sources, including upstream livestock north of SR-54, the “back-
yard” farms scattered throughout this neighborhood, or a more local deer population, may 
also contribute to the contamination detected in this area.  Under flowing conditions, the 
pollution identified in the upstream portion of the WBID does not appear to be regularly 
transported downstream, as indicated by the results at stations DNR4, DNR3, DNR2, and 
DNR1.   This is likely due to the presence of a wetland area just south of station DNR4 as 
well as the ephemeral nature of the waterbody.  
 
The potential source of fecal pollution changes once again in the most downstream 
segment of the New River, as indicated by the results at station NR1.  As predicted, 
human-specific markers were not detected at this site despite regular exceedances of IOs 
under both flowing and non-flowing conditions. Ruminant Bacteroides, however, was 
detected on one occasion, simultaneous with low- to moderately-elevated levels of all 
IOs.  These results, together with the primary local land use, indicate that animals such as 
cattle and deer (most likely cattle from upstream pastures), are the primary contributors 
of fecal coliform contamination in this area.  Table 13 identifies the most likely sources 
of fecal contamination for each area of the New River. 
 
Suggested corrective actions, specifically to address likely OSTDS-related sources in the 
vicinity of station NR2 and potential livestock- and wildlife-associated contributions 
upstream of station NR1, are included in Sections 10.1 and 10.3. 
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Table 8.  Summary of most probable sources of fecal contamination contributing to the New River sampling locations (listed from upstream to downstream).  N/A = 
Not Applicable 
Station Most 

Probable 
Source 

Sampling 
Location 

Corresponding 
Historical 

Station 

Fixed 
or 

Flexible

Weight-of-Evidence for 
Source Identification 

Comments and Other Potential 
Sources 

NR3 Cattle SR-54 STORET 
281312821558 

Fixed Ruminant-specific MST 
Presence of upstream cattle 

pastures 
Highest IO levels after July 

rainfall event suggests 
transport of source via 

stormwater from upstream or 
overland flow 

 
 
 

Relatively new residential 
subdivisions serviced by public 

sewer are located north of SR-54 
Elevated bacterial levels in 

sediments (especially enterococci 
and fecal coliforms relative to E. 

coli) may suggest older source and 
may cause re-inoculation of 

surface waters 

NR2 Human 
(OSTDS) 

Brisk 
Drive 

N/A Fixed Human-specific MST, except 
esp marker 

Human-specific markers 
detected under flowing and 

non-flowing conditions 
suggests local source, possibly 
transported via groundwater  

Low-lying area 
Older residential communities 
with un-mounded OSTDS and 

soils with infiltration rates 

Livestock and domesticated 
animals may also contribute to 

fecal pollution in this area  
Elevated bacterial levels in 

sediments (especially E. coli and 
fecal coliforms relative to 

enterococci) may suggest recent 
source and may cause re-

inoculation of surface waters 
Higher bacteria concentrations in 

surface waters than associated 
sediments may suggest recent 

source 
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Station Most 
Probable 
Source 

Sampling 
Location 

Corresponding 
Historical 

Station 

Fixed 
or 

Flexible

Weight-of-Evidence for 
Source Identification 

Comments and Other Potential 
Sources 

DNR4 N/A South of 
Brisk 
Drive 

N/A Flexible N/A Minor exceedances, possibly due 
to growth of bacteria in stagnant 

water 
Heavily shaded 

Slight sewage odor detected during 
“Walk the WBIDs” effort 

Upstream of man-made dam and 
small wetland 

DNR3 N/A Chancey 
Road 

STORET 
280954821553 

Flexible N/A Potential human impacts from 
upstream may be mediated by 

upstream wetland between Brisk 
Drive and Chancey Road 

Exceedances likely due to growth 
of bacteria in stagnant water 
Often dry-limited data (n=4) 

DNR2 N/A Betts Drive N/A Flexible N/A No observed exceedances 
Often dry-limited data (n=3) 

DNR1 N/A Creek 
Road 

N/A Flexible N/A One observed exceedance may be 
due to upstream OSTDS 

Often dry-limited data (n=3) 
NR1 Cattle 

Wildlife 
Morris 
Bridge 
Road 

EPCHC 523 Fixed Cattle 
Ruminant-specific MST 

Presence of upstream cattle 
pastures 
Wildlife 

Only one MST marker 
detected 

Land use amenable to wildlife 

Low to moderate bacteria 
exceedances under flowing 

conditions 
Exceedances likely influenced by 

growth of bacteria in stagnant 
water 

Elevated bacterial levels in 
sediments may cause re-

inoculation of surface waters 
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Map  4.  Map of the New River upon completion of Phase II, including identified sampling locations for 
Phase II, historical sampling locations, and general points of interest. Results of the May through December 
2007 sampling events suggest the presence of “hot spots” for fecal contamination in the vicinity of NR2 
and NR1.  The general areas are denoted by red circles. 
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Section 6.0 Flint Creek and Baker Creek – WBIDs 1522A 
and 1522C 

Section 6.1 Background 
 
Flint and Baker Creeks are closely associated (both spatially and hydrologically) and will 
therefore be discussed collectively in this report.  The primary headwater of Baker Creek 
is Pemberton Creek, which in turn, drains Mill Creek and Spartman Branch and, 
ultimately, a large portion of the City of Plant City. A description of Spartman Branch is 
included in Section 7 below.  Baker Creek itself runs in a northwest direction for 
approximately 3 miles before emptying into Lake Thonotosassa [a hypereutrophic lake 
and one of SWFWMD’s Surface Water Improvement and Management (SWIM) Priority 
Water Bodies].  Prior to reaching the lake, two contributing tributaries (one from the west 
and one from the south; with a confluence just southeast of Collins Ranch Road) merge 
with the mainstem of Baker Creek to the west of Pemberton Creek Drive. The outfall for 
Lake Thonotosassa is the headwater for Flint Creek (Map 5; Appendix D, Photograph 
11).  Flint Creek flows eastward for less than one-quarter mile, turns northward and 
intersects with waters from Campbell Branch before continuing as a single channel to the 
northwest where it connects with the Hillsborough River.   
 
Both Flint Creek and Baker Creek generally contain flowing water. Analysis of 
impervious surface (see Section 5.1) indicates that the entire area within the Flint and 
Baker Creek WBID boundaries contains less than 10% impervious surface. Here too, 
residential development is occurring.  A soils survey (USDA/NRCS, provided by 
SWFWMD 2000) shows that the majority of area around Lake Thonotosassa contains 
soils with high infiltration rates; however, the soils immediately surrounding Baker Creek 
and in the region northeast of the junction between Flint Creek and Campbell Branch are 
typically those with slow to very slow infiltration rates.   

Section 6.2 Preliminary Assessment 
 
Data received for WBIDs 1522A and 1522C from EPCHC AWQM, STORET, Legacy 
STORET, and USGS NWIS Stations between 1990 and 2006 indicate typically moderate 
levels of fecal impairment with evidence of episodic events with highly elevated levels 
(1522A geometric mean = 245 CFU/100mL; 1522A maximum = 30,000 CFU/100mL; 
1522A n = 192; 1522C geometric mean = 263 CFU/100mL; 1522C maximum = 3,200 
CFU/100mL; 1522C n = 191).   
 
Findings from the initial screening process suggest that the potential sources of fecal 
contamination in Flint and Baker Creeks primarily include a mixture of human- (e.g., 
septic systems and upstream sewer sources) and non-human- (e.g., livestock, wildlife) 
related impacts.  A large portion of the land south of Lake Thonotosassa is occupied by 
tree crops, mainly orange groves, while land to the west and east is largely comprised of 
new housing developments (Appendix D, Photograph 12) that utilize OSTDS but have a 
minimum 200-foot setback from the lake.  As a result, these homes are unlikely sources 
of fecal contamination; however, this new development has led to a recent diversion of 
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flow in tributaries such as Campbell Creek which run into Flint Creek (personal 
communication with local ranch owner, May 2007).  Older homes in the area, especially 
around Flint Creek, may only have a 75-foot setback from the tributary and are generally 
located in the areas with high infiltration rate soils.  As a result, these areas are more 
likely sources of fecal pollution originating from OSTDS.  
 
Unlike the area immediately surrounding Lake Thonotosassa, the Flint and Baker Creek 
watersheds are characterized by a semi-rural landscape with pockets of small ranches and 
medium-density residential areas.  Some of the local ranches are located in relatively 
low-lying areas and livestock were observed standing alongside creek beds and 
associated wetlands during the January and May preliminary field reconnaissance efforts 
(Appendix D, Photographs 13 and 14).  It was also common to see numerous cow feces 
(“cow pies”) scattered throughout pastures adjacent to the tributaries as well as in the 
creek bed itself.  It should also be noted that portions of Baker Creek and contributing 
waters are periodically dredged for sediment and vegetation removal; this was observed 
during the May 8, 2007 field visit.  It is likely that bacterial blooms occur as a result of 
colonization of dead and dying vegetation.   
 
There are no septic system “hot spot” areas identified by the HCHD within the Flint 
Creek and Baker Creek WBID boundaries or immediate contributing waters within 
Hillsborough County.  Field observations made on May 8, 2007 did not identify any 
straight-pipe illicit discharges from septic systems into Flint or Baker Creeks. 

Section 6.3 Suggested Monitoring Stations 
 
Sampling locations were determined using the same criteria as described in Section 2.4. 
The results of the initial screening process, as illustrated in Section 6.2, indicated that the 
potential sources of fecal pollution in Flint and Baker Creeks include a mixture of human 
and animal impacts.  Although these may be easily discerned in specific locations, the 
majority of the WBIDs contain multiple potential sources (Table 19).  Upon completion 
of Phase I of this project, it was suggested that eight initial sampling stations (including 
six “fixed” stations and two “flexible” stations) be utilized to better assess these sources 
(Map 5; Table 19).  These station locations were investigated and confirmed during the 
“Walk the WBIDs” portion of Phase II.   



Flint Creek and Baker Creek  
WBIDs 1552A and 1552C 

37 
 

Fecal BMAP Implementation 
Summary Report, Draft Final April 2008 

Map  5.  Map of Flint and Baker Creeks upon completion of Phase I, including identified sampling 
locations for Phase II, historical sampling locations, and general points of interest. 
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Table 9.  A summary of confirmed sampling locations within the Flint Creek and Baker Creek WBIDs for 
Phase II, Level I analysis.   Stations FL1, FL2, FL3, BK1, BK2, and BK3 were identified for sampling by 
USF and PBS&J staff and stations DFL1 and DBK1 were identified for sampling by FDEP personnel.   
N/A = Not Applicable 
Station Potential 

Primary 
Source 

Station 
Location 

Corresponding 
Historical 

Station 

Fixed or 
Flexible 

Comments 

FL3 Unknown Kelso Road EPCHC 118 Fixed Highly eutrophic 
headwaters of Flint 
Creek, account for 

any potential 
sources leaving 

Lake Thonotosassa 
DFL1 Livestock Campbell 

Creek 
N/A Flexible Sample to account 

for contributing 
waters to Flint 
Creek; human 

impacts (OSTDS) 
may also contribute 
to fecal pollution in 

this area 
FL2 Human 

(OSTDS) 
Knights 

Griffin Road 
STORET 8496 Fixed Livestock and 

stormwater may 
also contribute to 
fecal pollution in 

this area 
FL1 Unknown US 301 EPCHC 148 Fixed Wildlife may 

contribute to fecal 
pollution in this 

area 
BK3 Livestock Kingsway 

Road 
N/A Fixed Discarded trash is 

commonly 
observed at this site 

(Appendix D, 
Photograph 15) 

DBK1 Livestock Muck Pond 
Road 

EPCHC 168 Flexible SWFWMD station 

BK2 Human 
(OSTDS) 

Pemberton 
Creek Drive 

EPCHC 529 Fixed  

BK1 Unknown Thonotosassa 
Road 

EPCHC 107 Fixed Thonotosassa Park 
Boat ramp, account 

for any potential 
sources entering 

Lake Thonotosassa 
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Section 6.4 Phase II, Level I Sampling Results 
 
Section 6.4.1 Baker Creek 
 
Level I sampling was somewhat restricted at Baker Creek throughout the sampling period 
due to low water levels (Table 10).  Although all stations with adequate water were 
sampled, the results should be read with the understanding that flow was nonexistent at 
times (see Section 5.4 for discussion).  Surface flow was not observed at station BK3 
during any month; however, it must be noted that the headwaters of Baker Creek (located 
in the vicinity of BK3) are groundwater-fed.  As a result, flow may be difficult to discern. 
Water samples were collected at this site during each sampling event through October.  In 
September-December, additional sampling stations (BK4 and BK5) were added further 
downstream to better identify potential local contributing sources.  A summary of the 
Baker Creek sampling stations and their surface water status over the sampling period is 
provided in Table 10. 
  
Table 10.  A summary of the Baker Creek sampling stations and their surface water status over the 
sampling period (May – December). N/A = Not Applicable. All stations are identified on Map 6.  
Station Month 

Added 
Months Sampled Dry No Flow 

BK3 May May - October N/A Always 
BK4 September September N/A September 
BK5 November November - 

December 
N/A N/A 

DBK1 May May - December N/A June 
DBK2 July July - August N/A N/A 
BK2 May May - December N/A May, June 
BK1 May May - December N/A May, June 

 
Results reveal that the waters of Baker Creek commonly exceeded state standards for 
indicator bacteria at stations BK1 and BK2, as well as BK3 under both flowing and non-
flowing conditions (Table 11, Figure 7); maximum fecal coliform concentrations in 
surface waters never exceeded 3,300 CFU/100mL under non-flowing conditions and 
3,050 CFU/100mL under flowing conditions (observed at stations BK3 and BK1, 
respectively on July 25, 2007).  Enterococci levels rarely exceeded 800 CFU/100mL at 
all stations except BK2 where concentrations reached a maximum of 3,400 CFU/100mL 
on October 17, 2007. Maximum E. coli values were 940 CFU/100mL (recorded at station 
BK2 on May 29, 2007).  Comparisons of IO concentrations within the waters of Baker 
Creek, under flowing conditions, demonstrate a significant positive correlation between 
fecal coliforms and E. coli (r = 0.715; p<0.05; Table 3). Although data used to compare 
levels of enterococci and E. coli were not normally distributed, a similar trend was 
apparent (r = 0.661; p=0.007).  These results suggest that the individual IOs demonstrated 
similar levels of persistence and growth under the circumstances present throughout the 
Baker Creek basin over the duration of the project (see Section 4.0). 
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Indicator bacteria levels at stations DBK1 and DBK2, accounting for potential sources 
from the southern tributary and the upstream portion of the mainstem of Baker Creek, 
respectively, remained below 470 CFU/100mL with the exception of DBK1 during the 
June sampling event, when fecal coliforms reached 1,691 CFU/100mL.  It should be 
noted that the June sampling event was the only time that DBK1 was sampled under non-
flowing conditions.  These results may be explained by the potential for persistence and 
growth of bacteria in stagnant, highly vegetated waters (Ksoll et al. 2007) (Appendix D, 
Photograph 16) or the presence of a localized and episodic source.  As expected, due to 
the lack of flow observed at station DBK1 in June, the high levels of bacteria identified at 
this time did not appear to have been transported downstream to station BK1.  This 
observation suggests that the routinely elevated bacterial levels detected a station BK1 
are not originating from this portion of the watershed.  Although station DBK2 was only 
sampled on two occasions (July and August), there is no evidence that contributions in 
this area accounted for the high bacteria levels identified further downstream at station 
BK2.  This implies the presence of a contributing source between stations DBK2 and 
BK2 on the mainstem of Baker Creek.   
 
It should be noted that the EPCHC currently has an enforcement action for effluent 
disposal against the Sun Tampa East RV Park and McIntosh Utilities, both located 
upstream of station DBK1 (personal communication, EPCHC, March 13, 2008).  The 
associated WWTF serves two parks located on US-92 just west of McIntosh Road. A 
study to determine the capabilities of their disposal system and what will be needed for 
compliance is currently being performed. Surface water samples collected on March 19, 
2008 near these locations and analyzed by Dr. Harwood’s laboratory indicate elevated 
levels of indicator bacteria as well as the presence of multiple human-specific markers.  
While fecal coliform and enterococci concentrations in water samples collected at station 
DBK1 the same day were below 300 CFU/100mL (samples were not tested for E. coli), 
the esp marker was detected, suggesting the possibility for transport of pollution from 
upstream.  
 
As noted above, on one occasion (July 25, 2007), concentrations of fecal coliforms in the 
water column at stations BK1 and BK3 reached maximum levels (>3,000 CFU/100mL at 
each site).  The evaluation of the potential impact of rainfall on bacterial numbers could 
not be conducted for any station within Baker Creek, with the exception of station BK1, 
due to lack of proximity (>5 miles) to an actively-reported rain gauge (Map 2).  There 
were no identified correlations between IO concentration and rainfall at this site 
(Appendix C, Table 4). Despite the lack of statistical analysis at station BK3 and the lack 
of detected correlations at station BK3, it should be noted that, according to USGS rain 
gauge 230330 (Map 2), it had rained in the area for nine days prior to the July sampling 
event, totaling 3.25 inches of rainfall.  Although peak concentrations were observed in 
July, fecal coliform levels reached 1,750 CFU/100mL at BK1 and 1,290 CFU/100mL at 
BK2 during the September sampling event which was preceded by two days without 
rainfall.  This pattern suggests that rainfall plays a limited role, if any, in the bacterial 
loadings of Baker Creek. 
 
A total of seven sediment samples were analyzed for IOs from the Baker Creek 
watershed, three of which were collected under flowing conditions. Bacteria 
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concentrations in the sediments analyzed at all stations, with the exception of station 
BK5, were higher than those in the water column sampled on the same date; however, all 
IO concentrations within the water column at station BK5 at this time were under 565 
CFU/100g.  Sediments collected at station BK1 were highly variable and may be related 
to water flow and recent dredging activities.  For example, fecal coliform levels ranged 
from 250 CFU/100g in May (no flow) to 91,500 CFU/100g in September (flow) and 
14,500 CFU/100g in October (flow) (Figure 7).  According to Hillsborough County, all 
vegetation associated with the May dredging effort was removed from Baker Creek 
between the July and August sampling events; however, observations made during a field 
visit on August 22, 2007 indicated that at least some of the dredge spoil had been piled 
next to the creek alongside the adjacent dirt road suggesting the potential for 
recontamination of bacteria-laden sediments.  Although the variation in contamination 
levels in the sediments at this location may merely be reflective of the patchy nature of 
bacteria, it is more likely that the bacterial loadings at this location have been contributed 
by a more recent source.  The extremely elevated levels of IOs in the sediments at 
stations BK3 and BK4 [fecal coliforms = 55,000 CFU/100g (July) and 172,000 
CFU/100g (September)], respectively, may also suggest recent and/or periodic 
inoculation of bacteria since both corresponding E. coli and enterococci values were 
significantly lower (did not exceed 6,000 CFU/100g) at these locations; however, the 
extremely low concentrations of E. coli (<500 CFU/100g) relative to both fecal coliforms 
and enterococci may be more indicative of extended persistence and growth of the other 
IOs (Davies et al. 1995, Anderson et al. 2005) and an older source at these locations.  
Interpretations regarding bacterial concentrations in sediments must be viewed with a 
great deal of caution, as few sediment samples have been analyzed among the Florida 
sites.  Since portions of Baker Creek and contributing waters are periodically dredged for 
sediment removal (observed during the May 8, 2007 field visit), it is possible that a 
bacteria bloom, resulting from colonization of dead and dying vegetation, accounted for 
the elevated levels at BK1 during the July 25, 2007 sampling event; however, several 
MST markers were identified at this time indicating a more recent source of pollution.   
 
Table 11.  Geometric mean concentration of indicator organisms (IOs) in water and sediment samples 
collected in the Baker Creek basin.  Calculations were performed on all available data collected under 
flowing conditions. 

  Fecal Coliforms E. coli Enterococci 
WBID GeoMean N SE Max GeoMean N SE Max GeoMean N SE Max 

Baker Creek 
(water) 

2.60 24 0.10 3.48 2.15 15 0.16 2.95 2.69 15 0.12 3.53 

Baker Creek 
(sediment) 

4.15 4 0.67 5.24 2.62 4 0.21 3.13 2.72 4 0.39 3.78 

 
IO Suite abundance values from three stations within the Baker Creek watershed (BK1, 
BK2, and DBK1) were tested for correlations with available water quality parameters as 
described in Appendix C, Section 1.2.  A significant positive relationship was identified 
between pH and E. coli concentration at station BK2 (r = 0.841, p<0.05; Appendix C, 
Table 2).  In contrast, a marginally significant, negative correlation between pH and fecal 
coliform abundance was observed at station BK1 (r = -0.808, p = 0.052; Appendix C, 
Table 2).  The inconsistency in the direction of this correlation suggests that the detection 
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of significance may merely be the result of chance after numerous tests were performed 
or the presence of an interacting factor.   
 
Human- and ruminant-specific MST markers were common at stations BK1 and BK2 
while only human-specific markers were detected at stations BK3, BK4, and BK5 (Figure 
7, Table 12).  Each human marker was detected at station BK1 and co-occurrence of 
human Bacteroides and esp, or HPyV and esp, was noted in half of the samples in which 
any human marker was detected (two of four). These data constitute strong evidence for a 
human source of contamination at this site.  Similar results were observed at station BK2 
where co-occurrence of human Bacteroides and HPyV was detected. BK3 was only 
sampled twice for MST markers, since it was determined after several months that it is a 
groundwater-fed site with little contribution from upstream. 
 
It is important to remember that only limited sampling was performed at stations BK4 
and BK5, as they were added later in the study.  Although the esp gene is commonly 
found in human sewage resulting from sanitary sewer systems, it rarely survives through 
the storage tanks and associated drainfields of septic systems [personal communication, 
Dr. Valerie J. Harwood, September 24, 2007; (Whitman et al. 2007)] This disparity has 
not been observed for human Bacteroides.  The prevalence of the Bacteroides (44% 
detection rate) and HPyV markers (28% detection rate), as compared to the esp gene 
(17% detection rate), implies the presence of an OSTDS source within the Baker Creek 
watershed.  There is no obvious connection between the presence of MST markers and 
rainfall; however, the occurrence of all three human-specific markers identified at least 
once at a minimum of one station during a period of no rain and in non-flowing water, 
further supports the contention that the human-related source of contamination in Baker 
Creek is transported through groundwater and not surface flow and is indicative of 
OSTDS as a likely source. It is also interesting to note that 29% of all HPyV markers 
detected throughout this project were within the Baker Creek watershed, providing strong 
evidence for a human source contribution to this basin. 
 
Ruminant Bacteroides was detected twice at station BK1 and four times at BK2 (Figure 
7; Table 12), indicating that animals such as cattle (most likely those observed in the 
creek just downstream of station DBK1; Appendix D, Photograph 16) and either cattle or 
deer, respectively, are responsible for some of the fecal contamination present at these 
locations.  Given the preponderance and regularity of detection of human-specific 
markers in this basin as well as the presence of upstream OSTDS in a groundwater-fed 
system, it is more likely that OSTDS are the primary contributors of fecal coliform 
pollution in this area.  There were no horse-specific markers detected in Baker Creek. 
 
Multivariate analyses of bacterial community data showed a significant effect of MST 
results (presence or absence of MST markers) on per-sample bacterial communities for 
ruminant Bacteroides in Baker Creek, though this relationship was relatively weak 
(Global R = 0.354, p<0.05; Appendix C, Table 5; Appendix C Figures 3 and 4). SIMPER 
identified E. coli concentration as a major driver of 45.54% of group dissimilarity 
whereby higher bacteria abundance was correlated with the detection of the ruminant 
marker (see Section 4.0).  A chi-squared goodness of fit test was used to further 
investigate the relationship between fecal coliform concentration and the MST test results 
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(i.e., presence or absence for the individual MST markers); however, for each marker, 
greater than 20% of expected values were under 5 and were subsequently removed from 
the analysis.  
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Figure  4.  Indicator bacteria results at Baker Creek from the May through December 2007 sampling 
events.  Typically only water samples were collected and analyzed for fecal coliforms at the “flexible” 
stations, including DBK1 and DBK2. 
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Table 12.  Results of the source-specific microbial tracking tests utilized in this project as of December 
2007.  Results are reported as the number of positive results/total number of tests performed.  For example, 
0/1 = 0 positive tests out of 1 total test conducted.  Unless otherwise indicated, analyses were conducted on 
water samples.  Yellow shading indicates positive results. 

Station Human 
Bacteroides 

Enterococcus
(esp) 

Human 
Polyomavirus

Ruminant 
Bacteroides 

Horse 
Bacteroides

BK1 2/7 2/7 2/7 2/7 0/6 
BK1 

(sediment) 
0/1 0/1 0/0 0/1 0/1 

BK2  3/6 0/6 2/6 4/6 0/6 
BK3 1/2 0/2 0/2 0/2 0/2 
BK4 1/1 0/1 0/1 0/1 0/1 

 
Section 6.4.2 Flint Creek 
 
Sampling limitations due to low water levels were encountered at Flint Creek during the 
May through August sampling events (Table 13).  Although all stations with adequate 
water were sampled, the results should be read with the understanding that flow was 
nonexistent at times (see Section 5.4 for discussion).  For example, Campbell Creek, 
represented by station DFL1, was dry in May and June and although there was sufficient 
water for sampling, there was no flow at station FL1 in May, June, and August. A 
summary of the Flint Creek sampling stations and their surface water status over the 
sampling period is provided in Table 13. 
 
Table 13.  A summary of the Flint Creek sampling stations and their surface water status over the sampling 
period (May – December). N/A = Not Applicable. All stations are identified on Map 6.  

Station Month 
Added 

Months Sampled Dry No Flow 

DFL1 May July - October May, 
June 

N/A 

FL3 May May – December N/A N/A 
FL2 May May - December N/A N/A 
FL1 May May - December N/A May, June, August 

 
Results indicate that the waters of Flint Creek often exceeded state standards for indicator 
species at station FL2 and, to a lesser degree, at station FL1 (Table 14; Figure 8). Under 
flowing conditions, maximum fecal coliform concentrations in surface waters reached 
3,750 CFU/100mL (observed at station FL1 on July 25, 2007); fecal coliform levels 
never exceeded 800 CFU/100mL under non-flowing conditions. Enterococci 
concentrations remained below 800 CFU/100mL at all stations within Flint Creek while 
levels of E. coli reached or exceeded 800 CFU/100mL at stations FL1 and FL2 on 
November 28, 2007 (800 CFU/100mL and 950 CFU/mL, respectively).  Despite these 
observations, statistical comparison of IO concentrations within Flint Creek surface 
waters, under flowing conditions, revealed significant positive correlations between all 
three IOs; fecal coliforms and E. coli (r = 0.666, p<0.05), fecal coliforms and enterococci 
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(r = 0.576, p<0.05), and E. coli and enterococci (r = 0.596, p<0.05; Table 3).  These 
results indicate that the indicator organisms all exhibited similar behavior, in terms of 
potential persistence and/or growth, under the circumstances present throughout the Flint 
Creek watershed over the duration of the project (see Section 4.0).  
 
The only fecal coliform exceedance at station FL3 (3,100 CFU/100mL) occurred during 
the June sampling event, at which time E. coli and enterococci levels (245 CFU/100mL 
and 665 CFU/100mL, respectively) were relatively low (Figure 8).  High fecal coliform 
concentrations observed during this event are not likely the result of water entering Flint 
Creek from Lake Thonotosassa as water was only observed coming over the control 
structure at station FL3 during the July, August and September sampling events (at which 
times, there were minimal-to-no IO exceedances detected at station FL3).  The lack of 
significant exceedances during these times may be due to a dilution effect from 
significant volume contributions from the lake; however, similar concentrations were also 
observed when flow over the control structure was not observed.   
 
It is important to note that the high concentrations observed at station FL3 in June 
coincided with the maximum fecal coliform levels downstream at station FL2.  Although 
there is a slight discernable relationship between elevated levels among the three “fixed” 
sampling stations that may be suggestive of transport from upstream to downstream sites, 
it is not consistent among IOs or over time.  For example, both E. coli and enterococci 
did not follow the same pattern as fecal coliforms from station FL3 to station FL2 in 
June.  In addition, during the August sampling event, indicator bacteria levels were under 
100 CFU/100mL at station FL3 and moderately exceeded standards at station FL2.  
Similar inconsistencies can be seen between stations FL2 and FL1 (Figure 11); however, 
it is interesting that the only detection of a human-specific marker (esp) at station FL1 
occurred under flowing conditions and simultaneously with the detection of the same 
marker at FL2. The occasional discernable relationship between stations does not 
otherwise appear to be driven by flow patterns as flow was always observed at stations 
FL3 and FL2.  
 
Analyses at station DFL1 were performed from July-October under flowing conditions 
and were restricted to fecal coliforms only. Concentrations remained below 210 
CFU/100mL, indicating that bacteria loadings were not entering Flint Creek via 
Campbell Creek.   
 
Similar to both the New River and Baker Creek, maximum concentrations of fecal 
coliforms (3,750 CFU/100mL) in the surface waters of Flint Creek were observed on July 
25, 2007, at station FL1, after a nine-day rainfall total of 3.25 inches.  Despite this 
apparent relationship, there were no identified correlations between IO concentration and 
rainfall at either station FL1 or FL3 (Appendix C, Table 4); rainfall analysis could not be 
conducted for the other sites due to lack of proximity (>5 miles) from an actively-
reported rain gauge (Map 2).   These data suggest that rainfall plays a limited role, if any, 
in the bacterial loadings of Flint Creek at station FL1.   
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Four sediment samples were collected from the Flint Creek watershed and analyzed for 
IOs over the duration of this study, three of which were obtained under flowing 
conditions.  With the exception of those samples collected at station FL1, bacteria 
concentrations in the sediments analyzed from stations FL2 and FL3 were higher than 
those in the associated surface waters sampled on the same day.  In addition IO levels 
were considerably higher in the sediments at stations FL2 and FL3 than at station FL1.  
For example, fecal coliform concentrations were 17,000 CFU/100g and 7,500 CFU/100g 
at stations FL2 and FL3, respectively and only reached 700 CFU/100g at station FL1. E. 
coli and enterococci levels demonstrated a similar trend.  The observed differences 
among indicator species in the sediments, specifically the higher concentrations of fecal 
coliforms and E. coli over enterococci, may indicate a relatively recent source of 
pollution.  However, this interpretation must be viewed with a great deal of caution, as 
few sediment samples have been analyzed among the Florida sites.  Periodic re-
inoculation of the water column from this reservoir at stations FL2 and FL3 is a likely 
contributor to the elevated levels of surface water contamination.  Flow did not appear to 
play a role in the abundance of bacteria observed in the sediments.   
 
Table 14.  Geometric mean concentration of indicator organisms (IOs) in water and sediment samples 
collected in the Flint Creek basin.  Calculations were performed on all available data collected under 
flowing conditions. 

  Fecal Coliforms E. coli Enterococci 
WBID GeoMean N SE Max GeoMean N SE Max GeoMean N SE Max

Flint Creek 
(water) 

2.54 24 0.13 3.57 2.18 19 0.13 2.98 2.40 19 0.09 2.89

Flint Creek 
(sediment) 

3.65 3 0.42 4.23 3.03 3 0.33 3.65 2.57 3 0.45 3.34

 
IO Suite abundance values from two stations within the Flint Creek watershed (FL2 and 
FL3) were tested for correlations with available water quality parameters as described in 
Appendix C, Section 1.2. As observed in Baker Creek (station BK1), a significant 
negative relationship was identified between pH and fecal coliform concentration at FL2  
(r = -0.892, p<0.05; Appendix C, Table 2); however, the inconsistency in the direction of 
this correlation across WBIDs and individual stations suggests that the detection of 
significance may merely be the result of chance after numerous tests were performed or 
the presence of an interacting factor.   
 
Human-specific MST markers, specifically esp and HPyV, were commonly detected 
throughout Flint Creek (Figure 8; Table 15), although human Bacteroides was observed 
on only one occasion (at station FL2).  The inconsistency among markers, in particular 
the presence of esp and HPyV (18% detection rates), and not human Bacteroides (6% 
detection rate), may suggest that OSTDS is not a primary source of pollution (see 
explanation in Section 4.0), although the fact that the majority of homes are on OSTDS in 
the area argues against this hypothesis.   
 
The strongest evidence for human contamination in Flint Creek was at station FL2, where 
human Bacteroides and HPyV were detected on separate dates, and HPyV and esp co-
occurred once out of six sample events. Station FL3 was positive for esp and HPyV each 
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on one occasion, giving confidence that sporadic or low-level human contamination 
occurs at the upstream site. Station FL1 was positive for one human marker (esp) only 
once, suggesting transport of this marker from the upstream sites. 
 
It should also be noted, that the detection of human-related pollution did not always 
coincide with elevated levels of indicator species.  Multivariate analyses of IO Suite 
concentration data did not detect a relationship between the MST results (presence or 
absence of MST markers) and per-sample bacterial communities for any marker within 
Flint Creek.  A chi-squared goodness of fit test, used to further investigate the 
relationship between fecal coliform concentration and the MST test results (i.e., presence 
or absence for the individual MST markers), did however, indicate a relationship between 
the 400 CFU/100mL limit and the detection of HPyV and esp in the Flint Creek basin 
(X2=2.79, df=1, P=0.094 and X2=2.65, df=1, P=0.105, respectively).  
 
Other findings have been published (Whitlock et al. 2002, McQuaig et al. 2006a) which 
also demonstrate that indicator bacteria levels are frequently not correlated with the 
finding of human contamination.  This disconnect is no doubt due in part to the fact that 
elevated levels of indicator bacteria are frequently not directly related to a human source, 
but may be entering the water from stormwater or other sources, or the markers have a 
“patchy” distribution and are not always detected in the water column.  In addition, wet 
weather runoff containing bacteria from many nonhuman sources may have the effect of 
masking a persistent human signal that is detectable when surface water levels are low 
and the human contamination is entering via groundwater.  The presence of a major 
stormwater conveyance system that connects into Flint Creek from the east just upstream 
of FL2 may be a contributing factor. Interestingly, however, despite the lack of statistical 
correlation with rainfall, according to USGS rain gauge 02303330 (Map 2), the only 
sampling effort that occurred after a rain event was in July when nearly half of the 
human-specific markers were detected and IO exceedances occurred at each “fixed” 
sampling location.  This further suggests that the human-related source of contamination 
in Flint Creek is through surface flow, and not groundwater.   
  
There were no ruminant- or horse-specific markers detected in Flint Creek; however, 
other animal sources (e.g., wildlife) may be potential contributors.  Given the land use 
around stations FL3 (Lake Thonotosassa) and FL1 (highly wooded area), it is likely that 
wildlife is a source in these areas.  This potential contribution of wildlife may be 
relatively greater at station FL3 since human-specific markers were only detected when 
IO concentrations were relatively low, as opposed to station FL1 where esp was 
identified simultaneously with elevated IOs 
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Figure 11.  Indicator bacteria results at Flint Creek from the May through December 2007 sampling events.  
Typically only water samples were collected and analyzed for fecal coliforms at the “flexible” stations, including 
DFL1. 

 



Flint Creek and Baker Creek  
WBIDs 1552A and 1552C 

50 
 

Fecal BMAP Implementation 
Summary Report, Draft Final April 2008 

Table 15.  Results of the source-specific microbial tracking tests utilized in this project as of December 
2007.  Results are reported as the number of positive results/total number of tests performed.  For example, 
0/1 = 0 positive tests out of 1 total test conducted.  Unless otherwise indicated, analyses were conducted on 
water samples.  Yellow shading indicates positive results. 

Station Human 
Bacteroides 

Enterococcus
(esp) 

Human 
Polyomavirus

Ruminant 
Bacteroides 

Horse 
Bacteroides

FL1 0/5 1/5 0/5 0/5 0/5 
FL1 

(sediment) 
0/1 0/1 0/0 0/1 0/1 

FL2 1/6 1/6 2/6 0/6 0/6 
FL3 0/6 1/6 1/6 0/6 0/6 

Section 6.5 Fecal Coliform Source Assessment Summary 
 
Section 6.5.1 Baker Creek 
 
The results described above suggest that the most probable sources of fecal 
contamination vary throughout the Baker Creek watershed.  The main sources of 
pollution originate: 1) along the western tributary contributing to Baker Creek 
(represented by stations BK3 and limited sampling efforts at stations BK4 and BK5); 2) 
on the main stem of Baker Creek between stations DBK2 and BK2; and 3) possibly 
downstream of station DBK1 before the confluence with the western tributary.   
 
It is most probable that the primary sources of human-related contamination are OSTDS-
related, as indicated by: 1) the relative lack of esp markers compared to the more 
prevalent detection of human Bacteroides and HPyV; and 2) the presence of residential 
communities dispersed throughout some low-lying areas with both mounded and un-
mounded septic system drainfields.  In addition, portions of the Baker Creek watershed 
are groundwater-fed (e.g., the western tributary) thereby decreasing the relative potential 
for regular and significant loadings transported via surface flow.   This pollution appears 
to originate between stations BK3 and BK5 and between stations DBK2 and BK2.  The 
contamination from both contributing tributaries is likely carried downstream where 
additive effects are detected at station BK1. The possibility of ruminant-specific pollution 
is evident downstream of station DBK1 (cattle observed standing in creek, Appendix D, 
Photograph 16) as well as between stations DBK2 and BK2.  This pollution likely 
explains the presence of ruminant markers at downstream station, BK1. Table 16 
identifies the most likely sources of fecal contamination for each area of Baker Creek. 
 
Suggested corrective actions, specifically to address potential OSTDS-related sources in 
the vicinity of stations BK2, BK3, BK4, and BK5 and likely livestock-associated 
contributions downstream of station DBK1 and between stations DBK2 and BK2, are 
included in Sections 10.1 and 10.3. 
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Table 16.  Summary of most probable sources of fecal contamination contributing to the Baker Creek sampling locations (generally listed from upstream to 
downstream).  N/A = Not Applicable 
Station Most 

Probable 
Source 

Sampling 
Location 

Corresponding 
Historical 

Station 

Fixed 
or 

Flexible

Weight-of Evidence for 
Source Identification 

Comments and Other Potential 
Sources 

BK3 Human 
(OSTDS) 

Kingsway Road N/A Fixed Human-specific MST 
Groundwater-fed system 

Presence of OSTDS in area 
with history of failure 

Livestock may also contribute to 
fecal pollution in this area 

(observed close to creek in low-
lying areas) 

Surface flow never observed 
Rainfall plays limited role, if 

any, in bacterial loadings 
Extremely elevated bacterial 

levels in sediments may cause 
re-inoculation of surface waters 
Trash commonly observed in 

water 
BK4 Human 

(OSTDS) 
East of 

Kingsway 
Road, 

northwest of 
McCormick 

Water Ski and 
Wakeboard 

School 

N/A Flexible Human-specific MST 
OSTDS in surrounding, low-

lying area 

Limited data (n=1) 
Presence of marker coincided 
with low IO concentrations 

Extremely elevated bacterial 
levels in sediments may cause 

re-inoculation of surface waters 
Livestock may also contribute to 

fecal pollution in this area 
(observed close to creek in low-

lying areas upstream) 
BK5 Human 

(OSTDS) 
East of 

Kingsway 
Road, northeast 
of McCormick 
Water Ski and 

Wakeboard 
School 

N/A Fixed Human-specific MST 
OSTDS in surrounding, low-

lying area 

Limited data (n=2) 
Presence of markers coincided 

with low IO concentrations 
Livestock may also contribute to 

fecal pollution in this area 
(observed close to creek in low-

lying areas upstream) 
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Station Most 
Probable 
Source 

Sampling 
Location 

Corresponding 
Historical 

Station 

Fixed 
or 

Flexible

Weight-of Evidence for 
Source Identification 

Comments and Other Potential 
Sources 

DBK1 N/A Muck Pond 
Road 

EPCHC 168 Flexible N/A Only one fecal coliform 
exceedance (observed under 

non-flowing conditions) suggests 
persistence and growth of 

bacteria in stagnant, highly 
vegetated waters 
SWFMD station  

EPCHC enforcement action with 
RV parks upstream 

DBK2 N/A Mcintosh Road N/A Flexible N/A Limited data (n=2) and only one 
slight exceedance 

BK2 Human 
(OSTDS) 

Cattle/Deer 

Pemberton 
Creek Drive 

EPCHC 529 Fixed OSTDS 
Human-specific MST, except 

esp marker 
Co-occurrence of human 

markers is strong evidence 
for human contamination 
Human-specific markers 

detected under flowing and 
non-flowing conditions, may 

suggest local source and 
transport via groundwater 

Upstream residential 
communities on OSTDS 

Cattle/Deer 
Ruminant-specific MST 
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Station Most 
Probable 
Source 

Sampling 
Location 

Corresponding 
Historical 

Station 

Fixed 
or 

Flexible

Weight-of Evidence for 
Source Identification 

Comments and Other Potential 
Sources 

BK1 Human 
(OSTDS) 

Cattle 

Thonotosassa 
Road 

EPCHC 107 Fixed OSTDS 
Human-specific MST 

Co-occurrence of human 
markers is strong evidence 
for human contamination 
Human-specific markers 

detected under flowing and 
non-flowing conditions, 

suggests possible transport 
via groundwater, likely from 

western branch 
Cattle 

Ruminant-specific MST 
likely transported from 

upstream of station BK2 and 
southern branch downstream 
of station DBK1 (observed 

cattle standing in water) 
Relationship identified 
between higher E. coli 
concentrations and the 
detection of ruminant 

Bacteroides 

Contamination likely originates 
upstream Rainfall plays limited 
role, if any, in bacterial loadings 
Highly variable sediment loads 
over time and flow conditions 

may indicate recent source 
Thonotosassa Park Boat ramp 
(no visible restroom facilities) 

 



Flint Creek and Baker Creek  
WBIDs 1552A and 1552C 

54 
 

Fecal BMAP Implementation 
Summary Report, Draft Final April 2008 

Section 6.5.2 Flint Creek 
 
This assessment suggests that human-related pollution is a probable source of fecal 
contamination identified within the Flint Creek watershed.  Although the detection rate of 
all human-specific markers was relatively low all through the basin (18% and under), 
each of the three markers was identified at station FL2 throughout the duration of the 
project, lending significant support to the presence of a chronic human source in this area.  
This contention is further supported by consistently high IO concentrations at this 
location.  In contrast, the upstream and downstream sites appear to have more episodic 
contributions. Although there is a slight discernable relationship between elevated 
bacteria levels among the three “fixed” sampling stations that may be suggestive of 
transport, the lack of consistency in this pattern may be more indicative of multiple 
distinct sources 
 
Despite the loading abundance, the relative proportion of the different human-specific 
markers detected may indicate that the human source is not related to OSTDS.  
Additionally, despite the lack of statistical correlation between the bacterial community 
and rainfall, the detection of human-specific markers together with elevated IO 
concentrations during the July sampling event, following a nine-day rainfall, may lend 
further support to the presence of a source contributed via surface flow, not groundwater.  
Care must be taken in drawing this conclusion, however, considering the low detection 
rate of all markers all through this watershed as well as the presence of OSTDS 
distributed throughout the basin.  
 
Although there were no ruminant- or horse-specific markers detected within Flint Creek, 
it may be possible, given the surrounding land use (especially in the vicinity of stations 
FL3 and FL1), that wildlife is a contributing source.  As noted above, the potential role of 
wildlife may be relatively greater at station FL3 as compared to FL1 since human-
specific markers were only detected at the prior when IO concentrations were relatively 
low, as opposed to station FL1 where esp was identified simultaneously with elevated 
IOs.  The possibility of a wildlife contribution to Flint Creek is also supported by the lack 
of relationship identified by the multivariate analysis between MST results (i.e., presence 
or absence of individual human-specific MST markers) and per-sample bacterial 
communities.  This result should be taken cautiously as a chi-squared goodness of fit test, 
used to further investigate the relationship between fecal coliform concentration and the 
MST test results (i.e., presence or absence for the individual MST markers), did indicate 
a relationship between the 400 CFU/100mL limit and the detection of HPyV and esp in 
the Flint Creek basin (X2=2.79, df=1, P=0.094 and X2=2.65, df=1, P=0.105, 
respectively).  Given the evidence, it is likely that there is a combination of human-
specific and animal sources contributing to this watershed.   
 
As expected, due to the large size and volume of water associated with Lake 
Thonotosassa, there does not appear to be any correlation between elevated levels 
recorded at station BK1, entering the lake, and those observed at FL3, leaving the lake.  
In addition, according to the results at station FL3, Lake Thonotosassa is not responsible 
for contributing significant bacteria loadings to Flint Creek. Table 17 identifies the most 
likely sources of fecal contamination for each area of Flint Creek. 
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Suggested corrective actions, specifically to address possible OSTDS-related sources in 
the vicinity of station FL2 and potential wildlife-associated contributions near stations 
FL1 and FL3, are included in Sections 10.1 and 10.3. 
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Table 17.  Summary of most probable sources of fecal contamination contributing to the Flint Creek sampling locations (generally listed from upstream to 
downstream).  N/A = Not Applicable 

Station Potential 
Primary 
Source 

Station 
Location 

Corresponding 
Historical 

Station 

Fixed or 
Flexible 

Weight-of-Evidence for Source 
Identification 

Comments and Other 
Potential Sources 

FL3 Human 
Wildlife 

Kelso Road EPCHC 118 Fixed Human 
Human-specific MST 

Detection of markers did not coincide 
with elevated fecal coliform 

concentrations  
Only one fecal coliform exceedance 

Sporadic or low-level human 
contamination  

Wildlife 
Only two MST markers identified 
throughout study and they did not 

coincide with highest bacteria 
concentrations 

Land use suggests potential for 
wildlife source 

Highly eutrophic headwaters 
(green) of Flint Creek, account 

for any potential sources leaving 
Lake Thonotosassa  

Only fecal coliform exceedance 
did not coincide with water 

flowing over control structure 
from lake  

Inactive fish often observed at 
surface of water 

Rainfall plays limited role, if 
any, in bacterial loadings 

Elevated bacterial levels in 
sediments may cause re-

inoculation of surface waters 
DFL1 N/A Campbell 

Creek 
N/A Flexible N/A Sample to account for 

contributing waters to Flint 
Creek 

No observed exceedances 
FL2 Human 

(OSTDS) 
Knights 
Griffin 
Road 

STORET 8496 Fixed Human-specific MST 
Majority of markers and most 

consistent exceedances in basin 
Detection of markers typically 

coincides with elevated IO 
concentrations 

Relationship identified between higher 
fecal coliform concentrations and the 

detection of HPyV and esp 
Majority of surrounding residences on 

OSTDS

Stormwater may also contribute 
to fecal pollution in this area 
Rainfall plays limited role, if 

any, in bacterial loadings 
Elevated bacterial levels in 
sediments may cause re-

inoculation of surface waters 
Bridge construction completed 

in August 2007 
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Station Potential 
Primary 
Source 

Station 
Location 

Corresponding 
Historical 

Station 

Fixed or 
Flexible 

Weight-of-Evidence for Source 
Identification 

Comments and Other 
Potential Sources 

FL1 Human 
Wildlife 

 

US 301 EPCHC 148 Fixed Human 
Human-specific MST 

Likely transported from upstream 
(marker and majority of bacteria 
exceedances detected under flow 

conditions) 
Relationship identified between higher 
fecal coliform concentrations and the 

detection of HPyV and esp 
Bacteria concentrations in water 

column exceeded those in associated 
sediments, also suggestive of transport 

from upstream source 
Wildlife 

Only MST marker identified 
throughout study and they did not 

coincide with highest bacteria 
concentrations 

Land use suggests potential for 
wildlife source 

Rainfall plays limited role, if 
any, in bacterial loadings 
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Map 6.  Map of the Flint and Baker Creeks upon completion of Phase II, including identified sampling 
locations for Phase II, historical sampling locations, and general points of interest. Results of the May 
through December 2007 sampling events suggest the presence of “hot spots” for fecal contamination 
between BK2 and BK3, downstream of DBK1, between DBK2 and BK2, and between FL2 and FL1.  
The general areas are denoted by red circles. 
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Section 7.0 Spartman Branch – WBID 1561 
Section 7.1 Background 
 
Walden Lake, located in the Walden Lake residential golf community, is the headwater 
for Spartman Branch (Appendix D, Photograph 17).  Spartman Branch flows to the 
northwest for approximately three miles before joining with a smaller branch (that 
originates in the vicinity of Tanner Road between Turkey Creek Road and Branch Forbes 
Road near the western WBID boundary) just south of U.S. 92 (Hillsborough Avenue).  A 
single channel continues to the northwest for another 1-2 miles before connecting with 
Mill Creek to become Pemberton Creek (north of I-4) and eventually Baker Creek (see 
Section 6).     
 
The tributary consists of several land use types.  The area around the headwater is 
characterized by high-density, relatively new residential areas which transition quickly 
into a highly industrial region between Sydney Road northwest to SR-574 (Dr. Martin 
Luther King Boulevard West).   These areas are predominantly serviced by central sewer.  
The area northwest of SR-574 to I-4 primarily includes various-density residential areas 
(which utilize a mixture of central sewer and OSTDS) and pasturelands.  It should be 
noted that although there was no flow out of Walden Lake during the May 10, 2007, site 
visit, there were small volumes of water and low flow throughout many areas of the 
tributary; flow may be non-existent at times in many areas of the WBID.   
 
Analysis of impervious surface (see Section 5.1) indicates that the Spartman Branch 
WBID averages 10-25% impervious surface. A soils survey (USDA/NRCS, provided by 
SWFWMD 2000) shows that the majority of areas directly adjacent to the Spartman 
Branch channel contain soils with slow to very slow infiltration rates; however, parts of 
the northern reaches of the channel, where residences are using OSTDS, enter small 
regions with classifications indicating high infiltration rates.  As a result, the 
effectiveness of septic tank drainfields in these areas may be comprised.   

Section 7.2 Preliminary Assessment 
 
Data received for WBID 1561 from EPCHC AWQM, STORET, Legacy STORET, and 
USGS NWIS Stations between 1990 and 2006 indicate only modest levels of fecal 
coliforms, although the water body is designated as impaired (geometric mean = 102 
CFU/100mL; maximum =  4,300 CFU/100mL; n = 22).   
 
The initial screening process results indicate that the potential sources of fecal 
contamination in the Spartman Branch WBID generally differ with location within the 
WBID but may overlap in certain locations.  Due to the fact that the residential areas in 
close proximity to the headwater are relatively new and are serviced by central sewer, 
there is a low likelihood of a human source originating in this area.    The more industrial 
portion of Spartman Branch includes a small municipal airport which is on central sewer 
serviced by the City of Plant City (Appendix D, Photographs 18 and 19).  During the site 
visit on May 10, 2007, a discolored stormwater pond was identified in this area, near the 
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junction of Sammonds Road and Woodrow Wilson Street (Appendix D, Photograph 20) 
which spurred an immediate investigation by the EPCHC, FDEP and City of Plant City. 
Albert Miller, Environmental Coordinator, City of Plant City, reported that discoloration 
of this pond was also identified in April 2006 at which time “the City inspected the area 
surrounding the ponds and found no evidence of dumping or illicit connections/illicit 
discharges.”  The investigation in May 2007 also showed “no evidence of spills, or illicit 
connections/illicit discharges.” Potential sources of fecal contamination in this area are 
primarily human (sewer) and stormwater-related.    
 
The possibility of human inputs of fecal contamination continue throughout the area 
where Spartman Branch crosses North Turkey Creek Road; however, this region 
represents a transitional area between potential human, wildlife, and livestock sources. 
For example, a cattle pasture abuts a fixed sampling station (SB2) off Turkey Creek Rd. 
Although high-density residential areas such as Birchwood and Sugar Creek 
developments that utilize septic systems are present along with pasturelands, natural 
landscapes are also represented and may help to alleviate potential fecal pollution impacts 
(Appendix D, Photographs 21 and 22).   Natural settings along the southern tributary of 
Spartman Branch may have similar influences.  The likelihood of livestock impacts 
increases downstream closer to I-4 (Appendix D, Photograph 23).   
 
There are no septic system “hot spot” areas identified by the HCHD within the Spartman 
Branch WBID boundaries or immediate contributing waters within Hillsborough County. 
Field observations made on May 10, 2007, did not reveal any straight-pipe illicit 
discharges from OSTDS to Spartman Branch. 

Section 7.3 Suggested Monitoring Stations 
 
Sampling locations were determined using the same criteria as described in Section 2.4.  
The results of the initial screening process, as described in Section 7.2, indicate that 
although the potential sources of fecal contamination in Spartman Branch are sometimes 
discernible by area, there are multiple potential source types in certain locations (Table 
18).   Upon completion of Phase I, it was suggested that seven initial sampling stations 
(including three “fixed” stations and four “flexible” stations) be utilized to better assess 
these sources (Map 7; Table 18).  These station locations were investigated and 
confirmed during the “Walk the WBIDs” portion of Phase II.   
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Map  7.  Map of Spartman Branch upon completion of Phase I, including identified sampling locations for 
Phase II, historical sampling locations, and general points of interest. 
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Table 18.  A summary of confirmed sampling locations within the Spartman Branch WBID for Phase II, 
Level I analysis.   Stations SB1, SB2 and SB3 were identified for sampling by the USF and PBS&J staff 
and stations DSB1, DSB2, DSB3 and DSB4 were identified for sampling by FDEP personnel.  N/A = Not 
Applicable 
Station Potential 

Primary 
Source 

Station 
Location 

Corresponding 
Historical Station

Fixed or 
Flexible 

Comments 

SB3 Unknown Golfview 
Drive 

N/A Fixed Headwater of 
Spartman 

Branch; account 
for any potential 
sources leaving 
Walden Lake 

DSB4 Human 
(sewer) 

Airport Road N/A Flexible Stormwater may 
also contribute to 
fecal pollution in 

this area 
DSB3 Human 

(OSTDS) 
SR 574 (Dr. 

Martin 
Luther King 

Jr. Hwy) 

N/A Flexible Stormwater may 
also contribute to 
fecal pollution in 

this area 
SB2 Human 

and 
Livestock 

Turkey Creek 
Road 

STORET 
28005778210285 

Fixed Wildlife may 
contribute to 

fecal pollution in 
this area 

DSB2 Human 
and 

Livestock 

U.S. 92 
(West Baker 

Street) 

STORET 
24030126 

Flexible Wildlife may 
contribute to 

fecal pollution in 
this area 

SB1 Livestock Beauchamp 
Road 

EPCHC 533 Fixed Human impacts 
(OSTDS) may 
contribute to 

fecal pollution in 
this area 

DSB1 Human 
(OSTDS) 

Branch 
Forbes Road 

N/A Flexible Wildlife may 
contribute to 

fecal pollution in 
this area; account 

for smaller 
branch of 
tributary 
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Section 7.4 Phase II, Level I Sampling Results 
 
Sampling was greatly restricted at Spartman Branch due to a lack of water or flow at 
nearly all stations at some point over the project duration (Table 24).  Although all 
stations with adequate water were sampled, the results should be read with the 
understanding that flow was nonexistent at times (see Section 5.4 for discussion).  For 
instance, station DSB1, representative of the branch of the tributary that originates near 
Tanner Road, only had sufficient water (and flow) for sampling in July. As a result, it is 
unlikely that waters from this branch are contributing the contamination observed in the 
main stem of Spartman Branch.  A summary of the Spartman Branch sampling stations 
and their surface water status over the sampling period is provided in Table 24. 
 
Table 19.  A summary of the Spartman Branch sampling stations and their surface water status over the 
sampling period (May – December). N/A = Not Applicable. All stations are identified on Map 8.    

Station Month 
Added 

Months Sampled Dry No Flow 

SB3 May May - December N/A May, June 
DSB5 August August N/A N/A 
DSB4 May June - August May N/A 
DSB3 May June – September, 

November 
May N/A 

SB2 May June - December May June, September, 
December 

DSB2 May July - December May, June N/A 
SB1 May July - December May, June N/A 

DSB1 May July May, June August, September, 
October 

 
Results demonstrate that the surface waters of Spartman Branch frequently exceeded 
state standards for indicator species, with both chronic and episodic sources apparent 
(Table 19; Figure 9).  For example, stations SB1, SB2 exceeded regulatory standards 
every month while other stations (e.g., station DSB2) had less frequent exceedances. 
Given that station DSB2 did not consistently exceed regulatory standards when station 
SB2 (upstream) and SB1 (downstream) did, suggests the presence of two, relatively local 
sources of pollution and limited transport of microorganisms.   
 
Under flowing conditions, maximum levels of fecal coliforms in Spartman Branch 
reached 2,950 CFU/100mL at station SB1 (on July 25, 2007).  This was coincident with 
the discovery of a trailer with a leaking pipe in the fruit stand parking lot near station 
SB1.  Despite the leaking sewage sampled from the pipe (station SB1A; fecal coliforms = 
100,000 CFU/100mL), no evidence of a direct connection to the surface waters was 
observed.  It should be noted, however, that it had been raining for several days at the 
time of sampling and the discharge may have been conveyed to the creek via runoff.  
This situation was reported to the EPCHC, who notified the owner regarding the need for 
repair on August 22, 2007.  Fecal coliform concentrations remained high at station SB1 
in September and October, reaching levels of 2,550 CFU/100mL in October, but dropped 
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considerably (<650 CFU/100mL) in November and December, at which time the HPyV 
marker was detected once. The highest fecal coliform concentrations (3,750 
CFU/100mL) in Spartman Branch were identified at station SB2 under non-flowing 
conditions on June 20, 2007.   
 
Enterococci levels were regularly over 1,000 CFU/100mL in the mid- to downstream 
segments of Spartman Branch (i.e., stations SB1 and SB2), peaking at 6,950 CFU/100mL 
at station SB1 in October.  E. coli concentrations followed a similar pattern with typically 
higher levels observed at the more downstream sites and maximum concentrations 
reaching 1,850 CFU/100mL during the November sampling event.  The relationship 
between enterococci and E. coli concentrations was further revealed by correlative 
analysis that demonstrated a significant positive result (r = 0.743, p<0.05; Table 3).  
Although data used to compare concentrations of enterococci and fecal coliforms were 
not normally distributed, a similar relationship was also identified (r = 0.747, p=0.001).  
These results suggest that similar levels of persistence and/or growth under the 
circumstances present throughout the Spartman Branch watershed for the duration of the 
project (see Section 4.0). 
 
The lack of pollution transport demonstrated between stations SB2, DSB2, and SB1, 
referred to above, was also exhibited between stations SB3 and DSB4 during the July 
sampling event, after a nine-day rainfall event totaling 3.25 inches.  In this case, the fecal 
coliform concentration was moderately elevated (1,360 CFU/100mL) at station SB3 but 
remained below regulatory limits at DSB4 (as it did each time it was measured; Figure 9).  
Indicator bacteria levels at station SB3 were relatively low compared to many of the other 
study sites; although several exceedences of the fecal coliform standard for recreational 
waters were observed intermittently. Exceptions, when station SB3 demonstrated 
moderately-elevated concentrations, may be related to the lack of flow of water entering 
Spartman Branch from Walden Lake resulting in stagnant conditions. Flow from the lake 
was observed during the July-September and December sampling events.  Although fecal 
coliform concentrations ranged from 150-1,360 CFU/100mL during these events, 
enterococci and E. coli levels remained below 102 CFU/100mL and 120 CFU/100mL, 
respectively.  When flow was not observed here, fecal coliform and enterococci 
concentrations reached 1,650 CFU/100mL and 2,750 CFU/100mL (both in June) and E. 
coli levels peaked at 1,200 CFU/100mL in November.  These results either suggest that 
an episodic source is contributing fecal contamination to station SB3 or, more likely, that 
a more chronic source is responsible for the pollution that is then intermittently diluted by 
lake inputs.  Regardless of the original source, the bacteria concentrations in this area 
appear to be affected by stagnant conditions.  Station DSB5, located at a retention pond 
connected to Spartman Branch near station SB3, was added and analyzed for fecal 
coliforms during the August sampling event (under flowing conditions) to help determine 
the source of the contamination.  IO concentrations at both stations at this time did not 
exceed regulatory standards (Figure 9); however, additional samples are necessary to 
draw more definitive conclusions. 
 
Although fecal coliform concentrations at station DSB3 consistently exceeded regulatory 
standards (555-2,250 CFU/100mL) during the June-September sampling events, low 
levels (73 CFU/100mL) were observed in November.  Despite the anomaly at this 
location, the bacteria population at downstream station SB2 remained moderately-
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elevated (fecal coliforms = 1,010 CFU/100mL).  Similar to other areas throughout the 
basin, this is indicative of a lack of pollution transport throughout the basin. 
 
Evaluation of the potential impact of rainfall on bacterial concentrations could not be 
conducted for the Spartman Branch watershed due to lack of proximity (>5 miles) to an 
actively-reported rain gauge (Map 2).  Although, as noted above, maximum levels of 
fecal coliforms in Spartman Branch, under flowing conditions, were achieved on July 25, 
2007 at station SB1 after a significant rainfall event (as indicated by USGS rain gauge 
2303330; Map 2), similar concentrations were observed after multiple days with little to 
no rain. These results suggest that the sources of pollution within Spartman Branch are 
primarily not stormwater-related.  
 
At least one sediment sample was analyzed from each of the “fixed” sampling locations, 
though only two of these (both from station SB1) were collected under flowing 
conditions.  Regardless of the similar flow circumstances, the IO concentrations in the 
sediments at station SB1 varied considerably from the July to the August sampling event 
(e.g., fecal coliforms = 201,500 CFU/100g and 6,500 CFU/100g, respectively).  This may 
be reflective of the patchy nature of bacteria in sediments, though it may also indicate 
contributions by a more recent source in July.  Since bacteria abundances in the water 
column were relatively consistent, and lower than the associated sediments, during these 
months (e.g., fecal coliforms = 2,950 CFU/100mL and 1,100 CFU/100mL, respectively), 
a recent source would only be likely if it had already been flushed from the sampled 
sediments and related surface waters. Of course, this is possible considering the recent 
large-scale rain event in the area.  Both E. coli and enterococci concentrations in the 
sediments remained below 3,600 CFU/100g in July and August.  Interestingly, under 
non-flowing conditions, enterococci and fecal coliform (to a lesser degree) levels in the 
sediments at station SB2 were extremely elevated (160,500 CFU/100g, 16,500 
CFU/100g, respectively) as compared to the observed E. coli concentration (1,280 
CFU/100g).  This pattern may suggest “aged” fecal pollution, in which the enterococci 
have proliferated in surface waters and sediments, while the E. coli have not.  Periodic re-
inoculation of the water column from the sediment reservoir at stations SB1 and SB2 is a 
potential contributor to the more chronically-elevated levels of surface water 
contamination. In contrast to the more downstream locations, the IO levels in the 
sediments at station SB3 were only moderately elevated (none exceeded 760 CFU/100g).   
 
Table 20.  Geometric mean concentration of indicator organisms (IOs) in water and sediment samples 
collected in the Spartman Branch basin.  Calculations were performed on all available data collected under 
flowing conditions. 

  Fecal Coliforms E. coli Enterococci 
WBID GeoMean N SE Max GeoMean N SE Max GeoMean N SE Max

Spartman 
Branch  
(water) 

2.82 32 0.11 5.00 2.38 17 0.14 3.27 2.81 17 0.21 4.30

Spartman 
Branch 

(sediment) 

4.56 2 0.75 5.30 3.07 2 0.37 3.44 3.48 2 0.08 3.56

 
IO Suite abundance values from two stations within the Spartman Branch basin (SB3 and 
DSB2) were tested for correlations with available water quality parameters as described 
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in Appendix C, Section 1.2. In contrast to what was observed in both Flint and Baker 
Creeks (stations FL2 and BK1), a marginally significant, positive correlation between pH 
and fecal coliform abundance was evident at station SB3 (r = 0.804, p = 0.054; Appendi 
C, Table 2).   The inconsistency in the direction of this correlation across WBIDs and 
individual stations suggests that the detection of significance may merely be the result of 
chance after numerous tests were performed or the presence of an interacting factor.   
 
Of all the WBIDs tested, Spartman Branch had the least evidence of human source 
contamination as detection of a human MST marker was not detected more than once at 
each site. Only five source-specific MST markers were identified in Spartman Branch, in 
addition to the esp marker detected in the trailer discharge (Figure 12; Table 26).  On one 
occasion, a human-specific marker, HPyV detected at SB3 during the August sampling 
event, did not coincide with elevated levels of indicator bacteria.  The ruminant-specific 
Bacteroides marker was detected at DSB3 in September and the horse-specific 
Bacteroides marker was identified at SB1 in August.  In both cases, indicator bacteria 
levels exceeded regulatory standards and human-specific markers were not detected. 
Light agriculture, including horses, are present upstream of station SB1, therefore 
detection of the horse-specific marker was not unexpected.  Despite the potential for deer 
upstream of station DSB3 (due to the presence of open land and small wetland area), the 
likelihood that a ruminant source is a primary contributor to fecal coliform pollution in 
this area is low.  It is essential to consider that each source type was only detected by a 
MST marker at individual sites on a single occasion despite consistently elevated levels 
of indicator bacteria at some of those locations.  This suggests that bacterial levels in this 
tributary generally reflect “background” levels contributed from wild animals and 
stormwater. 
 
Investigations by the HCHD upstream of station SB2 revealed that the Stonebridge 
Mobile Home Park (Map 8) had several failing septic systems, possibly servicing up to 
30 trailers, directly impacting the surface waters of Spartman Branch (personal 
communication, HCHD, March 26, 2008).  According to the HCHD report, it is possible 
that these failures have been occurring since December 2007.  If this was the case, these 
failures may account for the detection of human Bacteroides at this location during the 
December sampling event; however, elevated levels of bacteria were consistently 
observed throughout the sampling program. 
 
Multivariate analyses of bacterial community data did not detect a relationship between 
the MST results (presence or absence of MST markers) and per-sample bacterial 
communities for any marker within Spartman Branch. A chi-squared goodness of fit test, 
used to further investigate the relationship between fecal coliform concentration and the 
MST test results (i.e., presence or absence for the individual MST markers); however, for 
each marker, greater than 20% of expected values were under 5 and were subsequently 
removed from the analysis.  The scarcity of source-specific markers detected throughout 
the Spartman Branch basin in conjunction with the apparent lack of correlation between 
elevated bacterial levels and MST markers may be indicative of a chronic contaminant 
source such as stormwater and associated polluted sediments, or possibly contribution 
from wildlife that are not directly identified through the current MST tests.  Other 
findings have been published (Whitlock et al. 2002, McQuaig et al. 2006a) which 
demonstrate that indicator bacteria levels are frequently not correlated with the finding of 
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human contamination.  This disconnect is no doubt due in part to the fact that elevated 
levels of indicator bacteria are frequently not directly related to a human source, but may 
be entering the water from stormwater or other sources, or the markers have a “patchy” 
distribution and are not always detected in the water column.  Given the land use in this 
area, the potential for wildlife as a significant contributor is most likely around stations 
SB3, SB2, and DSB2. 
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Figure 9. Indicator bacteria results at Spartman Branch from the May through December 2007 sampling 
events.  Typically only water samples are collected and analyzed for fecal coliforms at the “flexible” 
stations, including DSB1, DSB2, DSB3, DSB4 and DSB5.  
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 Table 21.  Results of the source-specific microbial tracking tests utilized in this project as of December 
2007.  Results are reported as the number of positive results/total number of tests performed.  For example, 
0/1 = 0 positive tests out of 1 total test conducted.  Unless otherwise indicated, analyses were conducted on 
water samples.  Yellow shading indicates positive results 

Station Human 
Bacteroides 

Enterococcus
(esp) 

Human 
Polyomavirus

Ruminant 
Bacteroides 

Horse 
Bacteroides

SB1 0/6 0/6 1/6 0/6 1/6 
SB1A 0/1 1/1 0/1 0/1 0/1 
SB2 1/5 0/5 0/5 0/6 0/6 

DSB3 0/2 0/2 0/1 1/2 0/2 
SB3  0/4 0/4 1/4 0/4 0/4 
SB3 

(sediment) 
0/1 0/1 0/1 0/1 0/1 

Section 7.5 Fecal Coliform Source Assessment Summary 
 
Current data indicate that the most probable sources of fecal pollution vary throughout 
the Spartman Branch watershed and are, for the most part, spatially isolated.  The most 
upstream segment, represented by station SB3, appears to reflect contributions from an 
episodic source of human-specific contamination or a more chronic source of pollution 
(possibly due to wildlife) that may be diluted by the occasional flow of surface waters 
from Walden Lake.  Not surprisingly, it also appears that the pollutant concentrations at 
this site are higher under stagnant conditions. 
 
In contrast to the most upstream portion of Spartman Branch, the mid- and downstream 
segments of the watershed demonstrated more consistently elevated IO concentrations.  
The detection of ruminant Bacteroides on one occasion, and the lack of detection of other 
makers (all markers tested only twice), together with the land use in this area, suggests 
that deer are a possible source of contamination at this site.  Further downstream, at 
station SB2, only one source-specific marker (human Bacteroides) was detected after 
several tests despite the presence of chronically high IOs.  This disconnect suggests that 
elevated levels of indicator bacteria in this location are entering the water from 
stormwater or other sources or that the markers have a “patchy” distribution and are not 
always detected in the water column.  Given the land use in this area, the potential for 
wildlife as a significant contributor is possible. Still further downstream, chronically high 
IO concentrations appear to be due the presence of both human- and horse-related 
pollution.  Illicit discharges, similar to that identified at station SB1 in July 2007, may be 
possible in this portion of the basin.  Table 22 identifies the most likely sources of fecal 
contamination for each area of Spartman Branch. 
 
Suggested corrective actions, specifically to address potential OSTDS-related sources in 
the vicinity of station SB2, illicit discharges possibly in neighborhoods scattered 
throughout the basin (e.g., station SB1), and likely livestock- and wildlife-associated 
contributions near station SB1 and stations SB3, DSB3, SB2, and DSB2 respectively, are 
included in Sections 10.1 and 10.3. 
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Table 22.  Summary of most probable sources of fecal contamination contributing to the Spartman Branch sampling locations (generally listed from upstream to 
downstream).  N/A = Not Applicable 
Station Most 

Probable 
Source 

Sampling 
Location 

Corresponding 
Historical Station 

Fixed or 
Flexible 

Weight-of-Evidence for 
Source Identification 

Comments 

SB3 Human 
Wildlife 

Golfview 
Drive 

N/A Fixed Human 
Human-specific MST 

Wildlife 
Only one MST marker detected 
and it did not coincide with IO 

exceedances 
Presence of large lake provides 

potential for wildlife in area 

Headwater of Spartman 
Branch; account for any 
potential sources leaving 

Walden Lake 
Chronic source likely 
diluted by lake inputs 

(appears episodic) 
Bacteria concentrations in 

sediments only slightly 
elevated 

Detection of human-
specific marker did not 

coincide with IO 
exceedances 

DSB5 N/A Golfview 
Drive 

Retention 
Pond) 

N/A Flexible N/A Limited data (n=1) 

DSB4 N/A Airport Road N/A Flexible N/A No observed exceedances 
Limited data (n=3) 

DSB3 Wildlife SR 574 (Dr. 
Martin Luther 
King Jr. Hwy) 

N/A Flexible Ruminant-specific MST 
Detection of ruminant 

Bacteroides coincided with 
maximum IO levels at this site 

Potential for deer upstream 
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Station Most 
Probable 
Source 

Sampling 
Location 

Corresponding 
Historical Station 

Fixed or 
Flexible 

Weight-of-Evidence for 
Source Identification 

Comments 

SB2 Human 
Wildlife 

Turkey Creek 
Road 

STORET 
28005778210285 

Fixed Human 
Human-specific MST 
Highest fecal coliform 

concentrations and only marker 
detected during non-flowing 

conditions, suggesting local or 
source transported via 

groundwater 
Consistently high IO 

exceedances 
Wildlife 

Only one MST marker detected 
Consistently high IO 

exceedances 
Surrounding land use indicates 

potential for wildlife  

Extremely elevated 
bacterial levels in 

sediments may cause re-
inoculation of surface 

waters 
Pattern of IO in sediments 
may suggest “aged” fecal 

pollution 
Episodic exceedances 
downstream at station 

DSB2 suggest limited, if 
any transport downstream. 

Failing OSTDS at 
Stonebridge Mobile Home 
Park observed by HCHD  

 
 

DSB2 Human 
Livestock 
Wildlife 

U.S. 92 (West 
Baker Street) 

STORET 
24030126 

Flexible Episodic exceedances 
Land use suggests multiple 

potential sources 

Advanced MST analysis 
was not performed at this 

site 
Periodic transport from 

upstream is possible (both 
high and low IO 

concentrations coincide 
with flow at upstream 

station SB2)  
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Station Most 
Probable 
Source 

Sampling 
Location 

Corresponding 
Historical Station 

Fixed or 
Flexible 

Weight-of-Evidence for 
Source Identification 

Comments 

SB1 Human 
Horse 

Beauchamp 
Road 

EPCHC 533 Fixed Consistent IO exceedances 
Human 

Human-specific MST 
Detection of HPyV maker 

coincided with elevated levels of 
IOs 

Maximum fecal coliform 
concentrations coincided with 
discovery of leaking sewage 
from adjacent trailer (station 

SB1A) but remained high after 
leak was eliminated 

Horse 
Horse-specific MST 

Detection of horse Bacteroides  
coincided with elevated IOs 
Horses observed upstream 

Episodic exceedances 
upstream at station DSB2 
suggest presence of local 

pollution source 
Highly variable sediment 

loads over time may 
indicate recent source 
Extremely elevated 
bacterial levels in 

sediments may cause re-
inoculation of surface 

waters 

DSB1 N/A Branch Forbes 
Road 

N/A Flexible N/A Only had sufficient water 
for sampling in July 
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Map 8.  Map of Spartman Branch upon completion of Phase II, including identified sampling locations for 
Phase II, historical sampling locations, and general points of interest.  Results of the May through 
December 2007 sampling events suggest the presence of chronic “hot spots” for fecal contamination at 
DSB3, SB2 and SB1 and episodic manifestations at SB3. The general areas are denoted by red circles.   
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Section 8.0 Blackwater Creek – WBID 1482 
Section 8.1 Background 
 
The main channel of Blackwater Creek originates approximately 0.5 miles east of North 
Galloway Road, north of Knights Station Road in the City of Lakeland, Polk County.  
The headwater of a smaller branch is located roughly 1 mile north just east of North 
Galloway Road and flows west for approximately 3.5 miles before intersecting with the 
main channel (Map 9).  Blackwater Creek continues west for about 2 miles before turning 
to the northwest for another 4 miles and again to the west for the last 8 miles before 
intersecting with the Hillsborough River.  Several smaller tributaries join the main 
channel of Blackwater Creek, the most significant of which is the Itchepackesassa Creek 
which flows northward from the City of Plant City.      
 
During field visits in January, February and May of 2007, low volumes of water and low 
flow were observed throughout the tributary; several upstream locations were dry during 
the May visit.   Analysis of impervious surface (see Section 5.1) indicates that the entire 
Blackwater Creek tributary contains less than 10% impervious surface. A soils survey 
(USDA/NRCS, provided by SWFWMD 2000) illustrates that the majority of the WBID 
is comprised of soils with very slow infiltration rates.  Small scattered areas throughout 
the tributary, primarily in the upstream portion where residences are using OSTDS, 
contain soils with high infiltration rates which may compromise the effectiveness of 
septic tank drainfields.   

 Section 8.2 Preliminary Assessment 
 
Data received for WBID 1482 from EPCHC AWQM, STORET, Legacy STORET, and 
USGS NWIS Stations between 1990 and 2006 indicate typically moderate levels of fecal 
impairment, with evidence of episodic events with more heavily-elevated levels 
(geometric mean = 178 CFU/100mL; maximum = 8,600 CFU/100mL; n = 264).   
 
Findings from the initial screening process reveal that Blackwater Creek can be divided 
into three main sections based on predominant land use type.  The potential sources of 
fecal pollution differ among these regions.  The most upstream portion of the tributary, 
essentially from the Polk County line east to the headwaters (a small maple swamp) is 
predominantly low- to medium-density residential communities (Appendix D, 
Photograph 24) mixed with pastureland and associated animals (e.g., horses, cows, 
goats).  Deep swales, indicative of efforts to control localized flooding, are common 
along many of the residential streets.  Homes with visible septic mounds tend to be closer 
to these stormwater conveyance structures than the main channel of Blackwater Creek.  
The most likely sources in this section include human impacts (septic and/or sewer) with 
the potential for stormwater and minor animal inputs.  Field observations made on May 8, 
2007, did not reveal any straight-pipe illicit discharges from OSTDS to Blackwater 
Creek. An active chicken house was identified on Rushing Road (Appendix D, 
Photograph 25). 
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The potential for human influence decreases and that for livestock impacts increase to the 
west in the midstream section of the tributary, from SR-39 east to the Polk County 
border.  This area is essentially comprised of Cone Ranch, an active cattle ranch where 
cattle have direct access to the creek (Appendix D, Photograph 26), and a sod farm 
operation.  A water sample taken from a site on Cone Ranch on May 9, 2007, and 
analyzed by the USF laboratory did not reveal elevated levels of fecal indicator 
organisms (e.g., fecal coliforms < 400 CFU/100mL), though a host-specific assay using 
ruminant Bacteroides was positive.  Unlike the majority of this section of the tributary, 
the eastern-most portion near the Polk County line includes small communities of mobile 
homes and small “villas” with private wastewater treatment facilities (Appendix D, 
Photographs 27 and 28).  A WWTF pond overflow was identified and sampled in this 
area during the May site visit.  Results indicated elevated levels of indicator organisms 
(e.g., fecal coliforms >5,000 CFU/100mL); however, human-specific assays were 
negative.  This may be a result of microbial die-off due to exposure to environmental 
stressors such as ultraviolet radiation.  This midstream section of the WBID also contains 
several connecting tributaries (e.g., Itchepackesassa Creek, East Canal) from both the 
north and south, most of which have been channelized over the last 80 years, similar to 
Blackwater Creek.  The East Canal historically drained discharge from a City of Plant 
City WWTF, though the volume has decreased since a portion was directed up to CF 
Industries (phosphate plant) where it is currently re-used for industrial processes.  During 
dry periods, most of the flow up the East Canal is from the WWTF discharge (the point 
of discharge is at the junction of East Canal and Knights Griffin Road).  CF Industries 
uses a water hyacinth system (giant ponds) to uptake nutrients.  Chicken manure is also 
spread on fields as a fertilizer throughout the area around East Canal.  Although it is 
generally understood that this practice does not occur adjacent to the water, it remains 
possible that heavy rainfalls in this area could transport these potential impacts to the 
tributary. 
 
The most downstream area of the creek, upstream of the intersection with the 
Hillsborough River east to SR-39, is primarily floodplain forest, pasture, and native range 
(Appendix D, Photograph 29) controlled by Two Rivers Ranch and Hillsborough County 
Environmental Land Acquisition Protection Program (ELAPP).  Four small tributary 
streams, with similar land use types, connect with the main channel of Blackwater Creek 
in this section.  Very few rural homes and only a low density of cattle are present in this 
area, though they do have access to the creek on the ELAPP property.  Wildlife such as 
deer, feral hogs, wild turkeys, foxes, and coyotes are present. 
 
There are no septic system “hot spot” areas identified by the HCHD within the 
Blackwater Creek WBID boundaries or immediate contributing waters within 
Hillsborough County. 

Section 8.3 Suggested Monitoring Stations 
 
Sampling locations were determined using the same criteria as described in Section 4.0. 
The results of the initial screening process, as described in Section 8.2, demonstrated that 
the potential source-types of fecal contamination in Blackwater Creek are generally 
specific to certain portions of the tributary (Table 23).    Upon completion of Phase I, it 
was recommended that six initial sampling stations (including three “fixed” stations and 
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three “flexible” stations) be utilized to better assess these sources (Map 9; Table 23).  
One of the stations (BW2 Ref), located in Cone Ranch, was designated not only to help 
identify potential impacts from livestock but also to provide a control for testing the MST 
techniques for human impacts (there are no suspected human sources present). These 
station locations were investigated and confirmed during the “Walk the WBIDs” portion 
of Phase II.   

Map 9.  Map of Blackwater Creek upon completion of Phase I, including identified sampling locations for 
Phase II, historical sampling locations, and general points of interest. 
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Table 23.  A summary of confirmed sampling locations within the Blackwater Creek WBID for Phase II, 
Level I analysis. Stations BW1, BW2 and BW3 were identified for sampling by the USF and PBS&J staff 
and stations DBW1, DBW2 and DBW3 were identified for sampling by FDEP personnel  N/A = Not 
Applicable 
Station Potential 

Primary 
Source 

Station 
Location 

Corresponding 
Historical 

Station 

Fixed or 
Flexible 

Comments 

DBW3 Human 
(OSTDS/sewer) 

Lewellyn 
Road 

N/A Flexible Stormwater and 
chicken 

house(s) may 
contribute to 

fecal pollution 
in this area 

BW3 Human 
(OSTDS) 

Deeson 
Road 

N/A Fixed Stormwater 
may also 

contribute to 
fecal pollution 

in this area 
DBW2 Human 

(OSTDS) 
Shady Oak 

Drive 
N/A Flexible Stormwater 

may also 
contribute to 

fecal pollution 
in this area 

BW2 
Ref 

Livestock Cone 
Ranch 

N/A Fixed Reference 
station 

controlling for 
human impacts 

DBW1 Livestock Paul 
Buchman 
Highway 
(SR 39) 

EPCHC 0 Flexible Wildlife may 
contribute to 

fecal pollution 
in this area 

BW1 Wildlife Two 
Rivers 
Ranch 

N/A Fixed Livestock may 
contribute to 

fecal pollution 
in this area 

Section 8.4 Phase II, Level I Sampling Results 
 
Level I sampling was greatly restricted at Blackwater Creek due to a lack of water and/or 
flow at all original stations, with the exception of BW2, at least once during the sampling 
period (Table 24).  For example, only station BW2 had flowing water during the May 
sampling event.  As of September 2007, station DBW2 was always observed to remain 
dry and was dropped for future analyses.  Several stations were also added to assist in 
source identification.  For instance, station BW4, located on Harrelson Road (Map 10; 
Table 24), was added to help detect the potential for human impacts from the upstream 
portion of Blackwater Creek when station BW3 was dry; flow was not observed at 
stations BW4.  Although all stations with adequate water were sampled, the results 
should be read with the understanding that flow was not existent at times (see Section 5.4 
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for discussion).  A summary of stations and their surface water status over the sampling 
period is provided in Table 24. 
 
Table 24.  Summary of water quality stations in Blackwater Creek and their surface water status over the 
sampling period (May – December).  N/A = Not Applicable. All stations are identified on Map 10.  

Station Month Added Months Sampled Dry No Flow 
DBW3 May July May, June, August, 

October 
July, 

September 
BW4 June June - July N/A June, July 

DBW2 May Never Always N/A 
BW3 May July - October May, June, 

November, December 
August 

DBW7 September September - October November, December N/A 
DBW6 July July - September N/A N/A 
DBW5 July August - September July N/A 
DBW4 June June - December N/A N/A 
BW2 May May - November N/A N/A 

DBW1 May June, July, 
September-December

May N/A 

BW5A October October-November N/A October 
BW5 October October-November N/A October 
BW1 
Ref 

May May - December N/A May, 
September, 
December 

 
Results indicate that the surface waters of Blackwater Creek, consistently exceeded 
regulatory standards predominantly due to the water quality observed at stations BW2 
and BW3 (Chapter 62-302 of the F.A.C.; Table 25; Figure 10). During flow, fecal 
coliform levels at all stations except BW2 and BW3, did not exceed 627 CFU/100mL, 
and often fell below 400 CFU/100mL.  At those stations where E. coli and enterococci 
concentrations were also evaluated, similar patterns were observed such that these IOs 
did not exceed 225 CFU/100mL and 495 CFU/100mL, respectively.  Stations BW2 and 
BW3, in contrast, commonly exceeded regulatory standards for all three indicator 
bacteria under both flowing and non-flowing conditions, thereby suggesting that a 
chronic source contributes to these areas.  Fecal coliform levels, for example, detected at 
station BW2 ranged from 440-2,250 CFU/100mL (maximum value achieved on August 
22, 2007) while those at BW3 were observed between 1,150-2,050 CFU/100mL, during 
flowing conditions (fecal coliform concentrations reached 5,200 CFU/100mL at BW3 in 
August when there was no water flow).  E. coli concentrations at station BW2 also 
peaked during the August sampling events at 2,200 CFU/100mL while maximum 
enterococci levels reach 2,050 CFU/100mL in October.  The highest levels of both E. coli 
and enterococci, under flowing conditions, were obtained at station BW3 in October 
(1,390 CFU/100mL and 10,400 CFU/100mL, respectively).  Interestingly, this pollution 
does not appear to be transported to downstream stations, as evidenced by the lack of 
fecal coliform exceedances at station DBW1 for the duration of this project.  The 
relationship among observed concentrations of the three IOs is further reflected in the 
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significant positive correlations evident in Blackwater Creek; fecal coliforms and E. coli 
(r = 0.681, p<0.05), fecal coliforms and enterococci (r = 0,745, p<0.05), and E. coli and 
enterococci (r = 0.622, p<0.05; Table 3).  These results demonstrate that the IOs all 
exhibited similar behavior, in terms of potential persistence and/or growth, under the 
circumstances present throughout the basin over the duration of the project (see Section 
4.0). 
 
Evaluation of the potential impact of rainfall on bacterial concentrations could not be 
conducted for Blackwater Creek due to lack of proximity (>5 miles) to an actively-
reported rain gauge (Map 2).  Unlike the other basins, however, maximum concentrations 
of fecal coliforms in the surface waters of Blackwater Creek did not occur after the 
significant rainfall event recorded by USGS rainfall gauge 2303330 (Map 2) in July. 
Although this may indicate that rainfall plays a limited role in the bacterial loadings in 
this basin and that the primary sources of fecal contamination are not related to 
stormwater or overland flow, more recent sampling conducted by Polk County provides 
conflicting results.  According to Polk County (personal communication, April 4, 2008), 
surface water samples were collected approximately 15 hours after a significant local rain 
event (3.5 inches).  Results from sites in the immediate vicinity of stations BW3 and 
DBW3 (see Map 10) revealed extremely elevated levels of fecal coliforms (20,000 
CFU/100mL and 9,500 CFU/100mL, respectively).  Given the land use in this area, this 
pollution is likely of human decent.  Additional samples, collected by Polk County from 
surface waters contributing to the Itchepackesassa Creek upstream of station DBW6 on 
the same day, resulted in fecal coliform concentrations ranging from 1,200-12,000 
CFU/100mL; however, it is unknown how these results impact the waters of Blackwater 
Creek.  
 
Seven sediment samples were collected from Blackwater Creek and analyzed for bacteria 
over the project duration, four of which, collected from stations DBW4, BW2, and 
BWRef, were obtained under flowing conditions.  Regardless of the presence of flow, 
indicator organism concentrations in the sediments were always higher than those in the 
associated surface waters sampled on the same day. The most significant and chronic 
impairment of surface waters within Blackwater Creek appear to be specific to the areas 
around stations BW2 and BW3 where sediments also generally show the highest 
concentrations of indicator bacteria concentrations (fecal coliforms = 237,000 CFU/100g 
and 19,000 CFU/100g, respectively; E. coli = 32,000 CFU/100g and 3,500 CFU/100g, 
respectively; and enterococci = 2,900 CFU/100g and 40,000 CFU/100g, respectively; 
Figure 10).  Levels of indicator organisms in the sediments at DBW4, BW4 and BW1 
Ref were also considerably elevated (fecal coliforms = 4,850 CFU/100g, 8,100 
CFU/100mL, and 3,350 CFU/100g, respectively).  These results suggest either recent 
and/or periodic inoculation or extended persistence of indicator bacteria in the sediments 
(Davies et al. 1995, Anderson et al. 2005).   
 
Unlike the corresponding water samples, the differences in concentration among the 
indicator bacteria species in the sediments, specifically higher levels of both fecal 
coliforms and E. coli over enterococci at stations BW4, DBW4, BW2, BW5, and BW5A, 
may suggest the presence of a more recent source in these areas. In contrast, sediments at 
station BW3 exhibited considerably higher concentrations of enterococci than the other 
IOs and the sediments at station BW1Ref showed a similar, yet less extreme pattern 
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(Figure 10).  The results from these locations may reflect older sources of pollution and 
be attributed to the suggestion that enterococci appear to demonstrate greater persistence 
and growth in sediments under certain circumstances (personal communication, Dr. 
Valerie J. Harwood, October 3, 2007).  Periodic re-inoculation of the water column from 
the sediment reservoir throughout the basin likely contributes to the elevated levels 
observed at the sampling locations.  
 
Table 25.  Geometric mean concentration of indicator organisms (IOs) in water and sediment samples 
collected in the Blackwater Creek basin.  Calculations were performed on all available data collected under 
flowing conditions. 

  Fecal Coliforms E. coli Enterococci 
WBID GeoMean N SE Max GeoMean N SE Max GeoMean N SE Max

Blackwater 
Creek 
(water) 

2.49 37 0.09 3.36 2.23 16 0.18 3.34 2.57 16 0.18 4.02

Blackwater 
Creek 

(sediment) 

3.90 5 0.39 5.37 3.57 5 0.30 4.51 2.63 5 0.29 3.46

 
IO Suite abundance values from three stations within Blackwater Creek (BW2, DBW1, 
and DBW4) were tested for correlations with available water quality parameters as 
described in Appendix X, Section 1.2. Similar to stations in Baker Creek and Flint Creek, 
a marginally significant negative correlation between pH and fecal coliform abundance 
was evident at station DBW4 (r = -0.745, p = 0.054; Appendix C, Table 2); however, the 
inconsistency in the direction of this correlation across WBIDs and individual stations 
suggests that the detection of significance may merely be the result of chance after 
numerous tests were performed or the presence of an interacting factor.    
 
Human-specific markers were commonly detected throughout Blackwater Creek, 
providing strong evidence for a consistent human-related source (Figure 10; Table 26). 
As expected, all three of these markers were detected at station BW3, each on a different 
occasion and not in August, under no flow conditions.  This indicates that the source of 
human-specific contamination is likely upstream of this sampling location.  It should be 
noted, however, that these markers were also tested for at station BW4 in June; however, 
neither noticeable flow nor markers were evident at this time.  Samples were collected 
from station DBW7 during the September and October events to help discern a potential 
source of contamination entering Blackwater Creek from the east just downstream of 
station BW3, namely the Briarwood Estates Mobile Home Park located south of Deeson 
Road.  A WWTF pond overflow was identified and sampled in this area during the May 
site visit (see Section 8.2).  Since this time, a new, temporary treatment pond has been 
built to help prevent overflow events (though little freeboard remains) and the facility is 
currently undergoing re-permitting for a new five-year cycle (personal communication, 
EPCHC, February 26, 2008).  Although station DBW7 was added to the sampling 
program in September, MST markers were not utilized.  Given that elevated bacterial 
concentrations were evident at both station BW4 and DBW7, it is likely that at least two 
distinct sources of human-specific contamination were contributing to Blackwater Creek 
in this area. 
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Also, as predicted, was the consistent presence of ruminant Bacteroides at station BW2 
(Figure 10, Table 26), indicating that animals such as cattle and deer (attributed, in this 
instance to cattle from upstream pastures) are responsible for the fecal contamination 
present at this location.  Surprisingly, a human-specific marker was also identified at this 
site on two separate occasions, the May and July sampling events. In order to help 
determine the original source of the human-specific pollution detected at station BW2, 
three additional sites were added upstream on three different tributaries that flow into the 
main stem of Blackwater Creek (Map 10): 1) station DWB4, located just downstream of 
the City of Plant City WWTF outfall to East Canal, was added in June; 2) station DBW5, 
situated on Knights Griffin Road just east of Frazier Road, was added in August (dry in 
July); and 3) station DBW6 located on Knights Griffin Road at the crossing of the 
Itchepackesassa Creek, was added in July.  A cost-effective strategy was employed in 
which MST markers were only used at DBW4 where a likely source was present and at 
DBW5 and DBW6 if elevated levels of fecal coliform pollution were detected.  As a 
result, MST markers were only analyzed at DBW4 and only on one occasion.   The esp 
marker was detected at this location in July, despite the relatively minor elevation of 
indicator bacteria levels (maximum fecal coliforms = 627 CFU/100mL).  These data 
suggest that the source of the human-specific marker identified at station BW2 (also in 
July) originated near DBW4; however, it is likely that the human-related source of 
indicator bacteria is relatively minor compared to that contributed by the cattle on the 
local ranch. Nonetheless, the detection of human-specific markers at station BW2 early in 
the investigation prompted the designation of a different site, station BW1, to be used as 
the control for testing the MST techniques for human impacts.  
 
Horse-specific Bacteroides was also identified at station DBW4 at this time.  This is 
likely the result of horses present on DC Ranch adjacent to the sampling station, 
contributing to the total pollution observed at station DBW4.  Lastly, as mentioned 
above, the July sampling event was the only one to have transpired after a rain event.  
Although this rainfall does not appear to have affected the levels of indicator species 
present throughout Blackwater Creek, it may contribute to transport of microbial 
pollutants between sites.     
 
The unpredicted presence of multiple human-specific markers and slightly elevated 
indicator bacteria levels at BW1Ref (Two Rivers Ranch, the negative control site for 
human sources), together with the relatively low fecal coliform concentrations detected at 
the closest upstream site (station DBW1), prompted the addition of two new sampling 
stations, BW5 and BW5A, in October (Map 10).  In an effort to capture potential inputs 
from humans and cattle downstream of station DBW1, Valerie J. Harwood and Scott 
Emery conducted a reconnaissance trip on October 17, 2007.  At this time, they identified 
a small tributary to Blackwater Creek that runs through ELAP property that is heavily 
grazed by cattle as well as an older residential area, presumably on OSTDS. During their 
visit, there was very little water in the tributary and virtually no flow; however, under 
rain events, this tributary is probably a significant contributor to Blackwater Creek. 
Immediately downstream of SR-39, Blackwater Creek runs through another run-down 
residential area that utilizes OSTDS.  The water table in this area is clearly close to the 
surface.  Station BW5A was added upstream of the confluence of the small tributary and 
Blackwater Creek to account for any impacts contributing to Blackwater Creek from the 
south.  Station BW5 was located downstream of this confluence to discern any potential 
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sources originating between station DBW1 and the southern branch represented by 
station BW5A.  Although both stations were only flowing slightly, they both revealed 
relatively low levels of indicator bacteria and the human Bacteroides marker was 
identified at station BW5A, therefore explaining the presence of this indicator at 
BW1Ref, also identified at this site in October.  Human contamination, likely the result 
of failing OSTDS, in the area of station BW5A also likely accounts for those markers 
identified at BW1Ref during the August sampling event.  The lack of positive esp 
markers, together with the presence of both human Bacteroides and HPyV at station 
BW1Ref, corroborates the idea of an OSTDS source.  Additional samples were collected 
from this area in November to help determine the spatial extent of the fecal coliform 
contamination contributing to Two Rivers Ranch. Similar bacteria concentrations were 
observed and no MST markers were detected (Figure 10).  It should also be noted that a 
tributary draining the City of Crystal Springs joins the Hillsborough River before 
connecting to Blackwater Creek near station BW1Ref.  This portion of the Hillsborough 
River also drains ~2,500 acres of residual application sites (Fox Branch and Fenton) 
located to the east of the Blackwater Creek WBID (Map 10).  It is possible that these 
areas are factors in the detection of human-specific pollution at station BW1Ref, though 
it is necessary to collect samples from this contributing waterbody to draw any specific 
conclusions. 
 
Unlike in other watersheds, the detection of source-specific pollution always coincided 
with elevated levels of at least one IO.  In addition, multivariate analyses of IO Suite 
concentration data detected a relationship between MST results (presence or absence of 
MST markers) and per-sample bacterial communities for ruminant Bacteroides in 
Blackwater Creek (Global R = 0.537, p<0.05; Appendix C, Table 5; Appendix C, Figures 
3 and 4).  Similar to the results in Baker Creek, SIMPER identified E. coli concentration 
as a major driver of 46.81% of group dissimilarity whereby higher bacteria abundance 
was correlated with the detection of the ruminant marker (see Section 4.0).  The results of 
a chi-squared goodness of fit test, used to further investigate the relationship between 
fecal coliform concentration and the MST test results (i.e., presence or absence for the 
individual MST markers), also identified an association between the 400 CFU/100mL 
limit for fecal coliforms and the detection of human Bacteroides and esp in Blackwater 
Creek (X2=1.33, df=1, P=0.249 and X2=3.00, df=1, P=0.083, respectively); greater than 
20% of expected values for the ruminant- and horse-specific markers were under 5 and 
were subsequently removed from the analysis.  
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Figure 10.  Indicator bacteria results at Blackwater Creek from the May through December 2007 
sampling events.  Typically only water samples are collected and analyzed for fecal coliforms at the 
“flexible” stations, including DBW1, DBW3, DBW4, DBW5, DBW6 and DBW7.  This figure is 
continued below. 
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Figure 10 continued.  Indicator bacteria results at Blackwater Creek from the May through December 
2007 sampling events.  Typically only water samples are collected and analyzed for fecal coliforms at 
the “flexible” stations, including DBW1, DBW3, DBW4, DBW5, DBW6 and DBW7.   
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Table 26.  Results of the source-specific microbial tracking tests utilized in this project as of December 
2007.  Results are reported as the number of positive results/total number of tests performed.  For example, 
0/1 = 0 positive tests out of 1 total test conducted.  Unless otherwise indicated, analyses were conducted on 
water samples.  Yellow shading indicates positive results 

Station Human 
Bacteroides 

Enterococcus
(esp) 

Human 
Polyomavirus

Ruminant 
Bacteroides 

Horse 
Bacteroides

BW1 2/5 0/5 1/5 0/4 0/4 
BW1 

(sediment) 
0/1 0/1 0/0 0/1 0/1 

BW5A 1/2 0/1 0/1 0/1 0/1 
BW5 0/1 0/0 0/0 0/0 0/0 
BW2 1/3 1/3 0/3 3/3 0/3 
BW2 

(sediment) 
0/1 0/1 0/0 0/1 0/1 

DBW4 0/1 1/1 0/1 0/1 1/1 
BW3  1/4 1/4 1/4 0/1 0/1 
BW4 0/1 0/1 0/1 0/1 0/1 

Section 8.5 Fecal Coliform Source Assessment Summary 
 
This assessment suggests that the most probable sources of fecal contamination vary 
throughout the Blackwater Creek watershed.  The upstream portion of the basin appears 
to be affected by multiple human-related sources, evident along the main stem of 
Blackwater Creek at stations BW3 and BW4 and from a contributing tributary from the 
east, represented by station DBW7.  Briarwood Estates Mobile Home Park located south 
of Deeson Road, was identified as one of the contributing sources and as a result, is 
currently undergoing modifications to their WWTF system.   
 
As expected, pollution in the middle portion of the Blackwater Creek watershed, 
represented by station BW2, is primarily attributed to cattle.  Although human-related 
contamination, originating near station DBW4, has been identified to impact station 
BW2, low levels of IOs at station DBW4 suggest that it is unlikely that this contribution 
is significant compared to that from cattle on the local ranch.  Similar results were found 
for horses in this area, though horse Bacteroides was not detected at station BW2.  
Despite consistently elevated levels of IOs at station BW2, it is important to note that 
pollution levels decline considerably downstream at station DBW1.    
 
Bacterial concentrations, together with the detection of multiple human-specific markers, 
suggest the presence of relatively low levels of human-specific pollution contributed by 
OSTDS in the downstream segment of Blackwater Creek.  It is possible that the source of 
this contamination originates near station BW5A.  Additional inputs may also be 
contributed by the Hillsborough River which drains both the City of Crystal Springs to 
the north and several residual application sites to the east.  Table 27 identifies the most 
likely sources of fecal contamination for each area of Blackwater Creek. 
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Suggested corrective actions, specifically to address likely OSTDS-related sources in the 
vicinity of stations BW3, BW4, DBW7, and BW5A and livestock-associated 
contributions around station BW2, are included in Sections 10.1 and 10.3. 
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Table 27.  Summary of most probable sources of fecal contamination contributing to the Blackwater Creek sampling locations (generally listed from upstream to 
downstream). N/A = Not Applicable 

Station Most 
Probable 
Source 

Sampling 
Location 

Corresponding 
Historical 

Station 

Fixed or 
Flexible 

Weight-of-Evidence for 
Source Identification 

Comments 

DBW3 N/A Lewellyn Road N/A Flexible N/A Often dry-limited data (n=1) 
Extremely elevated levels of 

fecal coliforms were detected by 
Polk County after April 2008 

rain event 
BW4 Human Harrelson Road N/A Fixed Elevated fecal coliform 

concentrations 
Land use suggests potential 

for human source 
 

Limited data (n=2) 
Elevated bacterial levels in 
sediments may cause re-

inoculation of surface waters 
Pattern of IO in sediments may 
suggest recent fecal pollution 

BW3 Human 
(OSTDS) 

Bethel Drive, just 
above confluence 

with eastern 
branch and station 

DBW7 

N/A Fixed Human-specific MST 
Detection of human-specific 

markers and consistently 
elevated IOs under both 
flowing and non-flowing 

conditions suggests transport 
of source from upstream 
Relationship identified 
between higher fecal 

coliform concentrations and 
the detection of human 

Bacteroides and esp 

Extremely elevated bacterial 
levels in sediments may cause re-

inoculation of surface waters  
Pattern of IO in sediments may 
suggest “aged” fecal pollution 

Stormwater may also contribute 
to fecal pollution in this area 
Extremely elevated levels of 

fecal coliforms were detected by 
Polk County after April 2008 

rain event 

DBW7 Human Bethel Drive 
northeast of station 
BW3, just before 
confluence with 

Blackwater Creek 

N/A Flexible Elevated fecal coliform 
concentrations 

WWTF pond overflow 
identified in May 2007 

 

Limited data (n=2) 
MST markers not utilized 
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Station Most 
Probable 
Source 

Sampling 
Location 

Corresponding 
Historical 

Station 

Fixed or 
Flexible 

Weight-of-Evidence for 
Source Identification 

Comments 

DBW2 N/A Shady Oak Drive N/A Flexible N/A Always dry 

DBW6 N/A Intersection of 
Knights Griffin 

Road and Charlie 
Taylor Road 

N/A Flexible N/A Limited data (n=3) 
One minor fecal coliform 

exceedance observed 

DBW5 N/A Knights Griffin 
Road 

N/A Flexible N/A Limited data (n=2) 
No observed exceedances 

DBW4 Human 
(Sewer) 
Horse 

Knights Griffin 
Road at the East 

Canal 

N/A Flexible Human 
Human-specific MST 

Located just downstream of 
City of Plant City WWTF 

outfall to East Canal 
Horse 

Horse-specific MST 
Observed horses on nearby 

ranch 

Only one observed, relatively 
minor, exceedance 

Elevated bacterial levels in 
sediments may cause re-

inoculation of surface waters 
Pattern of IO in sediments may 
suggest recent fecal pollution 
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Station Most 
Probable 
Source 

Sampling 
Location 

Corresponding 
Historical 

Station 

Fixed or 
Flexible 

Weight-of-Evidence for 
Source Identification 

Comments 

BW2  Cattle Cone Ranch N/A Fixed Ruminant-specific MST 
Consistently detected 
ruminant Bacteroides 

marker and elevated IOs 
Relationship identified 
between higher E. coli 
concentrations and the 
detection of ruminant 

Bacteroides 
Located on cattle ranch 

Cow feces observed in and 
around surface waters 

Extremely elevated bacterial 
levels in sediments may cause re-

inoculation of surface waters 
Pattern of IO in sediments may 
suggest recent fecal pollution 

Human and horse contamination 
may also contribute to this site 
(markers identified upstream at 

station DHR7 but did not 
coincide with elevated bacteria 

concentrations) 
Relationship identified between 

higher fecal coliform 
concentrations and the detection 
of human Bacteroides and esp 

DBW1 N/A Paul Buchman 
Highway (SR 39) 

EPCHC 0 Flexible N/A No observed exceedances 
Demonstrates lack of extended 

transport of pollution from 
upstream stations 

BW5A Human 
(OSTDS) 

West of Tollar 
Road (southern 

branch) 

N/A Fixed Human-specific MST 
Older residential area, 
presumably on OSTDS 

 

Limited data (n=2) 
Detection of human-specific 
marker did not coincide with 

elevated bacteria levels 
Tributary is likely a significant 

contributor to Blackwater Creek 
during rain events 

Cattle may also contribute fecal 
coliform pollution at this station 
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Station Most 
Probable 
Source 

Sampling 
Location 

Corresponding 
Historical 

Station 

Fixed or 
Flexible 

Weight-of-Evidence for 
Source Identification 

Comments 

BW5 N/A West of Tollar 
Road (main stem 

of Blackwater 
Creek) 

N/A Fixed N/A Limited data (n=2) 
No observed exceedances 

BW1Ref Human 
(OSTDS) 
Wildlife 

Two Rivers Ranch N/A Fixed Human 
Human-specific MST, 

except esp marker 
Multiple human-specific 

markers observed under both 
flowing and non-flowing 

conditions 
Co-occurrence of human 
markers did not coincide 

with elevated levels of fecal 
coliforms 

Human impacts likely 
originate upstream 

Wildlife 
Detection of human-specific 

markers did not coincide 
with elevated bacteria 

concentrations 
Land use suggests potential 

for wildlife source 

Reference station controlling for 
human impacts, although human 
impacts likely originate upstream 
(OSTDS from east and possibly 

the City of Crystal Springs to 
north) 

Elevated bacterial levels in 
sediments may cause re-

inoculation of surface waters 
Pattern of IO in sediments may 
suggest “aged” fecal pollution  

Highest bacteria concentrations 
observed under non-flowing 

conditions 
Livestock may contribute to fecal 

pollution in this area 
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Map 10.  Map of Blackwater Creek upon completion of Phase II, including identified sampling locations 
for Phase II, historical sampling locations, and general points of interest.  Results of the May through 
December 2007 sampling events suggest the presence of “hot spots” for fecal contamination in the vicinity 
of stations BW3 and DBW7, BW2 and, to a lesser extent, station BW1Ref. The general areas are denoted 
by red circles. 
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Section 9.0 Lower Hillsborough River – WBID 1443E 
Section 9.1 Background 
 
The most upstream portion of what is termed the Lower Hillsborough River is located 
between I-275 and Nebraska Avenue, just south of the Tampa Greyhound Track and 
downstream of Rowlett Park and the associated dam structure (Appendix D, Photograph 
30).  Thick algal mats are common in this area (Appendix D, Photograph 31).  The 
portion of the Hillsborough River included in this WBID is tidally influenced throughout 
and flows west to the confluence with Kirby Creek before turning to the south where it 
flows in one sinuous channel for approximately 6-7 miles and then empties into 
Hillsborough Bay.  There are several minor tributaries, small spring discharges, and 
significant stormwater conveyance systems (Appendix D, Photograph 32) that join the 
main channel leading to a rapid discharge of stormwater as a result of rainfall events in 
this area.   This release of urban stormwater is likely the cause of the high turbidity levels 
recorded at Platt Street.    
 
During field visits in January, February and May of 2007, high volumes of water and 
flow were observed throughout the tributary.  Analysis of impervious surface (see 
Section 5.1) indicates that the entire Lower Hillsborough River tributary contains 10-25% 
impervious surface. In addition, the majority of the river’s shoreline throughout this 
WBID is comprised of “soft” edges that are somewhat buffered from urbanization.  A 
soils survey (USDA/NRCS, provided by SWFWMD 2000) shows that the portion of the 
tributary west of the river is mainly comprised of soils with very slow infiltration rates, 
with scattered areas with high infiltration rates (especially between Columbus Drive and 
Cass Street), while the eastern part of the WBID primarily includes soils with high 
infiltration rates.  The entire area located within the WBID boundary is serviced by the 
City of Tampa central sewer system; however, it is possible that individual residences 
still utilize OSTDS.   

Section 9.2 Preliminary Assessment 
 
Data received for WBID 1443E from EPCHC AWQM, STORET, Legacy STORET, and 
USGS NWIS Stations between 1990 and 2006 indicate typically moderate levels of fecal 
impairment with evidence of episodic events with highly elevated levels (geometric mean 
= 123 CFU/100mL; maximum = 16,700 CFU/100mL; n = 424).   
 
The initial screening assessment results reveal that the predominant land uses within the 
Lower Hillsborough River are high-density residential communities and commercial 
areas.  The most significant potential source of fecal contamination, as a result, is 
primarily human-derived and essentially includes impacts from the sewer system and 
associated large-scale and repetitive SSOs.  The reported contamination events range in 
volume but are dispersed throughout the entire area of the Lower Hillsborough River 
WBID (Map 11).  Additional potential contributors of human-derived fecal pollution 
along this section of the river may include impacts from septic systems, homeless 
populations and live-aboard vessels docked at marinas along the river (Appendix D, 
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Photographs 33 and 34, respectively).  It should be noted that these additional sources of 
fecal contamination are likely to be minor relative to the potential influence from SSOs.  
Similarly, the potential significance for non-human related impacts is expected to be 
comparatively low and may originate from stormwater, bird populations and other 
wildlife, dogs, and animals housed at the Lowry Park Zoo. Although groundwater is 
usually not a major source of fecal contamination, the FDEP is currently investigating 3-4 
springs from Lowry Park south for potential sources of pollution.  Results of this 
investigation can be used to help assess possible sources of fecal pollution but have not 
yet been shared by the FDEP. 
 
There are no septic system “hot spot” areas identified by the HCHD within the Lower 
Hillsborough River WBID boundaries or immediate contributing waters within 
Hillsborough County. 
 

Section 9.3 Suggested Monitoring Stations 
 
Sampling locations were determined using the same criteria as described in Section 2.4.      
The results of the initial screening process, as described in Section 9.2, demonstrated that 
due to the large size and numerous potential locations of primarily human sources, ten 
initial sampling stations (including five “fixed” stations and five “flexible” stations) 
would be required to better assess sources (Map 12; Table 28).  One of the stations 

Map 11.  Areas of repetitive sanitary sewer overflows along the Lower Hillsborough River as reported by 
the City of Tampa from 2001-2007. 
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(HRRef), located at the southern WBID boundary (Platt Street), was designated not only 
to help identify potential impacts from humans but also to provide a control for testing 
the MST techniques for non-human impacts (e.g., there are no suspected significant 
animal sources, especially livestock, in this area). These station locations were 
investigated and confirmed during the “Walk the WBIDs” portion of Phase II.   

Map 12.  Map of the Lower Hillsborough River upon completion of Phase I, including identified sampling 
locations for Phase II, historical sampling locations, and general points of interest. 
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Table 28.  A summary of suggested sampling locations within the Lower Hillsborough River WBID for Phase II, Level I analysis. Stations HR1, HR2, HR3, 
HR4 and HR5 were identified for sampling by the USF and PBS&J staff and stations DHR1, DHR2, DHR3, DHR4 and DHR5 were identified for sampling by 
FDEP personnel.  N/A = Not Applicable 
Station Potential Primary 

Source 
Station Location Corresponding 

Historical Station 
Fixed or 
Flexible 

Comments 

HR5 Human (sewer) North Highland 
Avenue 

N/A Fixed SSOs at lift station on North Highland 
Avenue have been reported in the past 

DHR5 Human (sewer) West Whatley Place 
and River Shore 

Drive 

EPCHC 514 Flexible Account for input from Kirby Creek 

HR4 Human (sewer) Sligh Avenue EPCHC 152 Fixed Stormwater may also contribute to 
fecal pollution in this area 

HR3 Human 
(OSTDS/sewer) 

Small tributary off 
West Jean Street 

N/A Fixed Account for input from west and 
frequent upstream SSOs 

DHR4 Human 
(OSTDS/sewer) 

Just downstream of 
HR3 

N/A Flexible Account for potential impact of 
stormwater from adjacent outfall and 

frequent upstream SSOs 
DHR3 Human (sewer) Henry Street N/A Flexible Account for input from east 
HR2 Human (sewer) River Boulevard 

(Hixon Park) 
N/A Fixed Area of frequent SSOs and large 

stormwater outfall 
DHR2 Human (sewer) Dr. Martin Luther 

King Boulevard 
N/A Flexible Area of frequent SSOs and large 

stormwater outfall 
HR1 Human (sewer) North Boulevard N/A Fixed Across from Blake High School 

DHR1 Human (sewer) Cass Street N/A Flexible Local homeless may also contribute to 
fecal pollution in this area 

HR 
Ref 

Human (sewer) Platt Street EPCHC 2 Reference Reference station controlling for non-
human impacts 
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Section 9.4 Phase II, Level I Sampling Results 
 
Prior to the May sampling event, it was determined that it would be unnecessary to use 
the Platt Street location as a reference site since the expected lack of a ruminant- or 
horse-specific source is equally likely at HR1.  Subsequently, HR1 at North Boulevard 
was defined as the reference location (HR1Ref).  This replacement allows for a more 
efficient and effective use of available funds for sample analysis.   
 
Unlike the other project WBIDs, sampling of the Lower Hillsborough River was not 
restricted by the absence of water or flow, with the exception of stations DHR6 and 
DHR4A which were not flowing during the October and December sampling events, 
respectively.  In addition, station DHR4B was dry in both November and December.  It is 
also important to note that water was flowing over the dam upstream of the WBID 
boundary during the August, September, and October sampling events.  This may 
influence sampling results by either having a dilution effect at locations downstream or 
by contributing polluted waters to the Lower Hillsborough River. 
 
Results indicate that the waters of the Lower Hillsborough River often exceeded state 
standards for IOs (Chapter 62-302 of the F.A.C; Table 29; Figure 11).  In addition, the 
waters of the main stem of the Lower Hillsborough River vary in their level of 
impairment over both space and time (Figure 11; Map 16).  For example, fecal coliform 
levels in surface waters of the main stem never exceeded 4,400 CFU/100mL (observed at 
station HR5 on July 25, 2007).  Enterococci and E. coli concentrations peaked at 1,350 
CFU/100mL and 2,450 CFU/100mL, respectively at station HR2 in July as well. In 
contrast, more chronic and considerably higher levels of indicator bacteria were observed 
in the smaller tributaries that flow into the main stem of the Lower Hillsborough River.  
For instance, fecal coliform concentrations at station DHR4A ranged from 17,850 to 
99,667 CFU/100mL and were likely transported downstream to station HR3 which 
demonstrated fecal coliform levels from 550 to 7,500 CFU/100mL and exceeded 1,550 
CFU/100mL in seven of eight sampling events.  Similarly, fecal coliform concentrations 
at station DHR5 ranged from 2,600 to 5,900 CFU/100mL while those stations located 
further upstream along Kirby Creek (DHR6-DHR9) also oftentimes exceeded 2,000 
CFU/100mL. These results suggest that contributing sources are located in both the 
upstream and downstream segments of Kirby Creek.  In addition, enterococci and E. coli 
levels at station DHR4A peaked at 299,667 CFU/100mL and 97,333 CFU/100mL, 
respectively.  Enterococci concentrations at station HR3 were also elevated to a 
maximum of 11,900 CFU/100mL in July 2007 while E. coli levels reached 5,000 
CFU/100mL at this location in October.  There were no obvious patterns in the 
concentrations of the indicator bacteria species to suggest the presence of an old or more 
recent source.   
 
Statistical comparisons of IO concentrations within the Lower Hillsborough River did, 
however, demonstrate a significant positive correlation between all three IOs; fecal 
coliforms and E. coli (r = 0.903, p<0.05), fecal coliforms and enterococci (r = 0.807, 
p<0.05), and E. coli and enterococci (r = 0.853, p<0.05; Table 3).  These results suggest 
that the IOs all exhibited similar behavior in terms of potential persistence and/or growth, 



Lower Hillsborough River – WBID 1443E 

97 
 

Fecal BMAP Implementation 
Summary Report, Draft Final April 2008 

under the circumstances present throughout the Lower Hillsborough River for the 
duration of the project (see Section 4.0). 
 
The difference in pollutant levels detected in the main stem surface waters compared to 
those in the tributaries may be the result of a dilution effect (decreased concentration of 
bacteria due to relatively greater volumes of water) present in the main stem portion of 
the river.   It must be noted that in several instances, in both the main stem and tributaries 
of the river, the highest levels of contamination were identified during the July 2007 
sampling event. According to USGS rain gauge 02304500 and COT Sulphur Springs/13th 
Street and Dazzo rain gauges (Map 2), this was the only sampling date that directly 
followed a significant rain event (the rain lasted six days and totaled 3.89, 0.91, and 3.53 
inches, respectively).  Multiple statistical correlations between IO concentration and 
rainfall corroborate this relationship. For example, a positive correlation was identified 
between seven-day cumulative rainfall and fecal coliform concentration at stations HR2, 
HR4, and DHR3 (Appendix C, Table 14).  Similar relationships were also identified for 
enterococci levels at stations HR1Ref (despite non-normal rainfall data), HR2, and HR4. 
In addition, a positive correlation was also detected between 14-day cumulative rainfall 
and all three IOs at station HR2 and with fecal coliforms at station DHR3.  These results 
suggest that stormwater, sanitary sewer failures associated with the inflow of stormwater 
or infiltration of groundwater into the lines, or possibly malfunctioning equipment and 
pumps due to power failures, are contributing sources of pollution throughout the Lower 
Hillsborough River basin.  The lack of an identified relationship between rainfall and the 
abundance of E. coli despite the detection of correlations with the other IOs may be 
suggestive of older sources in these areas.   
 
Thirteen sediment samples were obtained from stations throughout the basin, in both the 
main stem and tributaries of the river, and analyzed for IOs over the duration of this 
study.  Although bacteria concentrations in the sediments were typically higher than 
those in the associated water column sampled on the same day, there were some 
exceptions (Figure 11).  For example, at stations HR3 and DHR5, fecal coliform levels 
were higher in the surface waters (1,550 CFU/100mL and 5,900 CFU/100mL, 
respectively) than in the sediments (740 CFU/100g and 2,400 CFU/100g, respectively) 
during the June sampling event.  Enterococci concentrations at station DHR6 showed a 
similar pattern in August with higher abundances in the surface waters (2,850 
CFU/100mL) than the sediments (820 CFU/100g).  Lastly, in both August and October, 
station DHR7 also exhibited higher enterococci levels in the water column (9,000 
CFU/100mL on both dates) than the associated sediments (6,600 CFU/100g and 4,400 
CFU/100g, respectively) on the same day.  These results may suggest that there are recent 
sources of contamination impacting stations HR3, DHR5, DHR6 and DHR7.  
Furthermore, the observed differences among IOs in the sediments at stations DHR6 and 
DHR7, specifically the higher concentrations of fecal coliform and E. coli over 
enterococci, corroborate the potential for contributions by a relatively recent source of 
pollution in these areas.  This interpretation, however, must be viewed with a great deal 
of caution as few sediment samples have been analyzed among the Florida sites.   
 
It should also be noted that at least one IO reached levels over 50,000 CFU/g in the 
sediments at stations HR 2, HR4, and HR5, and over 100,000 CFU/g in the sediments at 
stations DHR4A, DHR7.  Those stations with the highest levels of fecal coliforms in the 
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sediments (all exceeding corresponding levels of enterococci) included HR5, (fecal 
coliforms = 24,000 CFU/100mL), DHR7 (fecal coliforms = 104,500 CFU/100mL) and 
DHR4A (fecal coliforms = 176,000 CFU/100mL).  These results suggest either recent 
and/or periodic inoculation or extended persistence of indicator bacteria in the sediments 
(Davies et al. 1995, Anderson et al. 2005).  Each of these stations is suspected of being 
subject to recent wastewater leaks and is currently being more closely investigated with 
the help of COT and EPCHC representatives.  In contrast, those stations with the highest 
levels of enterococci (all exceeding corresponding levels of fecal coliforms and E. coli) in 
the sediments included HR2 and HR4.  Both of these stations have a history of localized 
and repetitive SSOs (over 5 incidents reported each between 2001 and 2007; Maps 11 
and 12).  In either case, it is apparent that there are significant reservoirs of bacteria in the 
sediments throughout the Lower Hillsborough River that have the potential to re-
inoculate the water column and contribute to chronic and elevated levels of surface water 
contamination. Three exceptions (where no single IO concentration reached over 2,500 
CFU/100g) were stations HR1Ref, HR3, and DHR5. Maximum indicator bacteria levels 
only reached 1,320 CFU/100g (enterococci), 2,120 CFU/100g (enterococci), and 2,400 
CFU/100g (fecal coliforms), respectively at these locations; enterococci and E. coli were 
not analyzed at station DHR5.   
 
Table 29.  Geometric mean concentration of indicator organisms (IOs) in water and sediment samples 
collected in the Lower Hillsborough basin.  Calculations were performed on all available data collected 
under flowing conditions. 

  Fecal Coliforms E. coli Enterococci 
WBID GeoMean N SE Max GeoMean N SE Max GeoMean N SE Max
Lower 

Hillsborough 
River 

(water) 

2.76 100 0.09 5.00 2.52 53 0.12 4.99 2.70 53 0.14 5.48 

Lower 
Hillsborough 

River 
(sediment) 

3.96 13 0.29 5.25 3.70 12 0.26 5.20 4.04 12 0.23 5.06 

 
IO Suite abundance values from nine stations within the Lower Hillsborough River 
watershed (HR1Ref, HR2, HR3, HR4, HR5, DHR2, DHR3, DHR4, and DHR5) were 
tested for correlations with available water quality parameters as described in Appendix 
C, Section 1.2. Unlike the other project basins, but as expected for this tidally-influenced 
system, significant relationships were identified for salinity.  A significant negative 
relationship was identified between salinity and fecal coliform concentration at stations 
HR3 (r = -0.852, p<0.05), DHR3 (r = -0.742, p<0.05), and DHR4 (r = -0.908, p<0.05) 
while E. coli and salinity were also negatively correlated at station HR3 (r = -0.889, 
p<0.05; Appendix C, Table 2).  This is likely due to the high inactivation (“die-off”) rate 
of both fecal coliforms and E. coli in saline waters (Anderson et al. 1979, Solic & 
Krstulovic 1992, Bordalo et al. 2002, Anderson et al. 2005). In contrast, a significant 
positive relationship was detected between fecal coliforms and salinity at station DHR5 (r 
= 0.853, p<0.05; Appendix C, Table 2).  Interestingly, the negative relationships were 
observed only at stations along the midstream portion of the basin (Map 16), perhaps 
where fluctuations of salinity were greatest and most influential.   
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As predicted, human-specific MST markers were detected in the surface waters 
throughout the Lower Hillsborough River basin (Figure 11; Table 30).  More specifically, 
human Bacteroides, esp, and HPyV marker were detected in 39%, 24%, and 7%, of the 
samples analyzed for these markers, respectively.  The failure to regularly detect HPyV is 
not surprising since this organism is present in more dilute concentrations in sewage than 
the other human markers. Despite the relatively analogous frequency of identification of 
the human Bacteroides and esp markers, it is interesting to note that the esp marker was 
noticeably absent from station DHR4A (added in August 2007 to help determine the 
source of pollution identified at station DHR4) despite the regularity of human 
Bacteroides detection and extremely elevated levels of contamination at this location.  
Similar patterns were observed at stations DHR7 and DHR8, though to a lesser degree.  It 
should be noted that although esp is commonly found in human sewage resulting from 
sanitary sewer systems, it rarely survives through the storage tanks and associated 
drainfields of septic systems [personal communication, Dr Valerie J. Harwood, 
September 24, 2007; (Whitman et al. 2007)].  This disparity has not been observed for 
human Bacteroides.  Therefore, these results suggest that OSTDS may be contributing to 
the fecal coliform contamination at station DHR4A.    
 
Given the abundance of sanitary sewer infrastructure and stormwater conveyance systems 
in the area surrounding station DHR4A, additional investigations of these structures were 
still necessary to better determine the specific source of pollution in this area.  According 
to Michael Burwell, (COT, personal communication, October 5 and 8, 2007), 
representatives from the COT conducted a remote visual camera inspection of sewer lines 
in the area following the September 2007 sampling event.  This procedure allowed the 
viewer to look for broken pipes, slipped joints, utility conflicts (e.g., holes in the gravity 
lines from boring machines associated with cable or water re-use lines), and leaking 
joints. A counter informs the operator of the position in the line so that if a problem is 
found a crew can be dispatched to the exact location to make the repair.  Results of this 
investigation indicate that the majority of the system was in sufficient condition; 
however, a slipped joint near section 11-42 (approximately 225 feet west of North Rome 
Avenue on West Fern Street), was identified (Map 13).  Since the sewer lines are deeper 
underground than the bottoms of the ditches in the area, it is more likely that this line 
would let in water rather than discharge any.  Despite this possibility, necessary repairs to 
the lines were completed by the COT on January 24, 2008 (personal communication, 
Michael Burwell, February 27, 2008).  In addition, supplemental sampling stations 
DHR4B and HR4A were added to help determine the source and spatial extent of 
pollution detected at station DHR4A.  Elevated bacteria levels were identified at station 
DHR4B (fecal coliforms = 5,900 CFU/100mL) in September; however, concentrations 
were considerably lower than those observed downstream at station DHR4A (37,000 
CFU/100mL) on the same day.  Furthermore, DHR4B was dry in both November and 
December, at which time, extremely elevated levels of bacteria were still observed at 
station DHR4A. Similarly, station HR4A (located directly across the street from station 
DHR4A) demonstrated extremely low fecal coliform levels in October (2.5 CFU/100mL) 
when all corresponding IO levels at station DHR4A exceeded 28,000 CFU/100mL.  The 
close proximity of these two stations together with the severity of the exceedances 
indicate that the primary source impacting station DHR4A is not being transported via 
the tributary itself but is likely being carried a relatively short distance through 
groundwater and/or wastewater or stormwater infrastructure.   
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Map 13.  Sanitary sewer lines in the area around station DHR4A (denoted by the red star) that were 
investigated using remote camera equipment following the September 2007 sampling event.  Segments 
152-21, 11-42 and 96-26 were examined.  
 
The severity of the bacteria concentrations and the consistent detection of human-specific 
markers at station DHR4A prompted additional investigations by local stakeholders.  On 
February 13, 2008, the COT identified two parcels within City limits in the area upstream 
of station DHR4A that do not have an existing sanitary sewer account with the City (Map 
14).  The presumption is then that they are utilizing some type of onsite system. These 
parcels abut the ditch leading to North Street and eventually south towards station 
DHR4A.  The potential for these systems to be failing and the associated impacts to the 
surface waters at station DHR4A remains to be determined.  In addition, during a site 
visit by the COT on February 11, 2008, a slight sewage odor was detected at station 
DHR4A and although there was no flow observed in the drainage system upstream of the 
site, there was standing water at the station DHR4A.  City personnel also located a kennel 
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with 4-5 dogs on a parcel along North Packwood Avenue which abuts the ditch system 
contributing to station DHR4A.  Although there were also two tents in the rear of the 
parcel, according to neighbors, these belonged to youth who live at the house.  It should 
be noted that a riparian ditch system drains into the tributary between stations DHR4A 
and HR3.  Although additional water volume entering the tributary from this ditch may 
potentially dilute any signal that is transported downstream from station DHR4A, the 
detection of the esp marker at station HR3 (and not at upstream station DHR4A) suggest 
the an additional source between stations.  However, the esp marker was not tested for at 
station DHR4A at the time of detection at station HR3.   

 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Map 14.  Two parcels located upstream of station DHR4A, identified by the COT as not having an existing 
sanitary sewer account.  The parcels are denoted by red circles.  This map was provided by the COT 
(February 13, 2008). 
 
Additional investigations were conducted by the EPCHC and HCHD concerning a 
potential sanitary nuisance in the vicinity of station HR3. According to EPCHC (personal 
communication, March 31, 2008), a black corrugated pipe (drainfield type) was observed 
in the ditch upstream of station HR3 on March 25, 2008. A lush, dark green line of grass 
“pointing” west suggested that nutrients were more readily available in the vicinity of the 
pipe than elsewhere. This line of grass eventually led towards a residence and an area of 
the yard was observed to be “soft and spongy”.  Samples were collected approximately 5 
feet downstream of the corrugated drain pipe and indicated elevated levels of fecal 
coliform and enterococci (1,800 CFU/100mL and 5,300 CFU/100mL respectively). The 
HCHD visited the area on April 2 and 4, 2008 and did not find any evidence of a sanitary 
nuisance involving the property (personal communication, HCHD, April 4, 2008). 
Although a spongy area was observed, there was no sewage or effluent on the surface and 
no odor detected (except that from the adjacent COT lift station).  It could not be 
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determined if the pipe continued all the way to the property.  The HCHD suggested that 
there may be a COT Utility right-of-way in that location and possibly a gravity sewer line 
that the black pipe crosses very close to the river.  HCHD will attempt to contact the 
owner of the residence and notify them that, if currently utilizing OSTDS, the Florida 
statute would require mandatory connection to the sewer system due to proximity to the 
available infrastructure.  
 
Despite the preponderance of human-specific MST markers throughout the Lower 
Hillsborough River basin, sites HR5, DHR5 and DHR6 only identified these markers 11-
20% of the times they were analyzed (Table 30).  In each of these cases, with the 
exception of station HR5 in November, the markers were detected simultaneously with 
elevated levels of indicator bacteria; the markers were identified at station DHR6 only 
during maximum fecal coliform concentrations.  This may suggest a recent and episodic 
source of contamination at these sites.  Supplemental stations, DHR6, DHR7, DHR8 
DHR9, and DHR10 (a stormwater grate in the Fountain Bridge Apartment complex 
parking lot consistently found with high water; Appendix D, Photograph 34) were all 
added along the Kirby Creek tributary between July and August 2007 to help identify the 
source of pollution detected at station DHR5 (Figure 11; Map 16).   
 
In addition to the supplemental sampling sites, field reconnaissance efforts and associated 
investigations were conducted in conjunction with COT and EPCHC representatives to 
assist in the process of identifying sources contributing to the pollution in Kirby Creek, 
prior to entering the Lower Hillsborough River.  For example, the COT shared 
knowledge of several redline properties between stations DHR6 and DHR5 that would be 
prone to flooding if developed in the usual way.  In addition, in November 2007, the 
COT also identified parcels within City limits in the area upstream of the Fountain Bridge 
Apartment Complex (adjacent to stations DHR7-10) that do not have existing sanitary 
sewer accounts with the City, and are presumably using OSTDS (Map 15). These parcels 
are located in a residential area presumably built in the 1950s and therefore do not likely 
adhere to recent codes for such systems. A field investigation of the drainage system 
performed by COT personnel on February 11, 2008, revealed flow in the ditch system 
paralleling North Albany Avenue (between stations DHR7 and DHR8) after 
approximately 2 weeks without rainfall.  In addition, the stormwater drain (station 
DHR10) was surcharged though there was no evidence of sewage or odor; the onsite 
retention pond appeared normal.  Although not relevant to fecal coliform contamination, 
the COT responded to additional inquiries associated with sampling and field 
reconnaissance events.  One of these incidents resulted in a letter being sent to a resident 
to disconnect a pipe running from a water softener to the tributary near station DHR6. 
 
The EPCHC also visited the Fountain Bridge Apartment complex on March 25, 2008 at 
which time a water sample was collected in close proximity to station DHR9.  The 
following information was received by EPCHC on March 31, 2008.  Sample results 
demonstrated slightly elevated concentrations of fecal coliforms (700 CFU/100mL) and 
enterococci (1,500 CFU/100mL).  During their field visit, EPCHC staff observed that at 
least two storm drains in the complex were surcharged and that the storm water pond 
serving the complex has a pumped discharge. EPCHC reported that if the pump (there is 
apparently only 1) fails or the floats are not set properly, the groundwater table could be 
impacted. In addition, a collapse in the pavement in front of building 18 was noticed that 
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may impact the gravity sewer line. If there is a partial collapse in the collection system, or 
if the lines get plugged with grease, they can become surcharged and exfiltration of 
sewage into the ground water table can occur. This could appear in the retention pond in 
the middle of the complex and could account for the detection of the human Bacteroides 
marker in the overflowing waters of the stormdrain (station DHR10). 
 
Further investigations by the EPCHC in this area resulted in the identification of a 
discharge from Tampa Tent and Rental Company, Inc. Samples collected near station 
DHR7 demonstrated fecal coliform and enterococci levels of 9,200 CFU/100mL and 300 
CFU/100mL, respectively (personal communication, EPCHC, March 31, 2008).  The 
source of the bacteria remains unknown. 
 

 
Map 15.  Parcels, outlined in yellow, located upstream of stations DHR7, DHR8, DHR9, and DHR10, 
identified by the COT as not having an existing sanitary sewer account.  This map was provided by the 
COT (November 28, 2007).  The red stars indicate the approximate locations of stations DHR7, DHR8, and 
DHR9. Blue lines denote parcel boundaries.   
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Ruminant- and horse-specific Bacteroides markers were unexpectedly detected in 
upstream portions of the Lower Hillsborough River basin (Figure 11; Table 30).  
Although a ruminant marker was identified on one occasion each at stations HR3 and 
DHR4A, in both cases, human-specific markers were also detected during the same 
sampling event as well as on at least two different occasions.  These results, together with 
information pertaining to land use in these areas, suggest that the ruminant-specific 
markers resulted from small, transient deer populations, or possibly goats owned by local 
residents, that contribute relatively small amounts of fecal coliform contamination. In 
contrast, the ruminant Bacteroides marker was regularly identified at station DHR7 and 
on two occasions, the human and ruminant Bacteroides markers co-occurred.   Given that 
this station is located adjacent to a relatively large wooded area, the potential for a larger 
deer population is apparent; however, it must be noted that human-specific markers have 
also been detected in this area, as well as upstream, indicating the probability of a larger 
human-related source.   
 
The horse-specific Bacteroides marker was also identified on one occasion each at 
stations DHR4A and DHR6 (Table 30); however, the presence of this marker at these 
stations is difficult to explain due to the lack of supporting land use information.  The 
specificity of this marker was further tested by Dr. Valerie J. Harwood’s laboratory as it 
is a relatively new MST tool for the lab.  The assay was optimized for horse over the 
other non-target groups (e.g., dog, bird) in order to validate the test’s sensitivity and 
accuracy in October 2007.  Since this revision, the horse marker was no longer identified 
at these locations.     
 
As mentioned above, the detection of human-related pollution oftentimes coincided with 
elevated levels of indicator species (e.g., stations DHR5 and DHR6).  Multivariate 
analyses of bacterial community data showed a significant effect of MST results 
(presence of absence of MST markers) on per-sample bacterial communities for human 
Bacteroides in the Lower Hillsborough River (Global R = 03115, p<0.05), though this 
relationship was quite weak.  Despite this relationship, SIMPER was unable to identify a 
major driver for group dissimilarity.  A chi-squared goodness of fit test was used to 
further investigate the relationship between fecal coliform concentration and the MST 
test results (i.e., presence or absence for the individual MST markers); however, no 
significant relationships were identified.  
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Figure 11.  Indicator bacteria results at the Lower Hillsborough River from the May through December
2007 sampling events.  Typically only water samples were collected and analyzed for fecal coliforms at 
the “flexible” stations, including DHR1, DHR2, DHR3, DHR4, and DHR5.  This figure is continued 
below. 
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Figure 11 continued.  Indicator bacteria results at the Lower Hillsborough River from the May 
through December 2007 sampling events.  Typically only water samples were collected and analyzed 
for fecal coliforms at the “flexible” stations, including DHR1, DHR2, DHR3, DHR4, and DHR5.  This 
figure is continued below. 
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Figure 11 continued.  Indicator bacteria results at the Lower Hillsborough River from the May through 
December 2007 sampling events.  Typically only water samples were collected and analyzed for fecal coliforms 
at the “flexible” stations, including DHR1, DHR2, DHR3, DHR4, and DHR5. 
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Table 30.  Results of the source-specific microbial tracking tests utilized in this project as of December 
2007.  Results are reported as the number of positive results/total number of tests performed.  For example, 
0/1 = 0 positive tests out of 1 total test conducted.  Unless otherwise indicated, analyses were conducted on 
water samples.  Yellow shading indicates positive results. 

Station Human 
Bacteroides 

Enterococcus
(esp) 

Human 
Polyomavirus

Ruminant 
Bacteroides 

Horse 
Bacteroides

HR1 2/3 1/3 0/3 0/8 0/8 
HR1 

(sediment) 
0/1 0/1 0/0 0/1 0/1 

HR2 1/3 2/3 0/3 0/3 0/3 
HR3 2/5 2/5 0/5 1/5 0/5 

DHR4A 4/5 0/5 1/5 1/5 1/5 
HR4 1/3 2/3 0/3 0/3 0/3 
HR5 1/5 2/5 0/5 0/5 0/5 
HR5 

(sediment) 
0/1 0/1 0/0 0/1 0/1 

DHR5 0/2 1/2 0/2 0/2 0/2 
DHR5 

(sediment) 
0/1 0/1 0/0 0/1 0/1 

DHR6 0/3 0/3 1/3 0/3 1/3 
DHR7 3/5 0/5 0/5 3/5 0/5 
DHR8 1/4 0/4 1/4 0/4 0/4 
DHR9 0/2 0/2 0/2 0/1 0/1 
DHR10 1/1 0/1 0/1 0/1 0/1 

 Section 9.5 Fecal Coliform Source Assessment Summary 
 
This assessment indicates that human-related contamination is the leading cause of fecal 
pollution identified within the Lower Hillsborough River.  Despite a difference in 
pollutant levels detected in the main stem surface waters compared to those in the 
tributaries, likely due to a dilution effect, human-specific markers were detected at every 
site tested, with the exception of station DHR9.  In addition, the identification of these 
markers oftentimes coincided with elevated levels of indicator species and a significant 
relationship was observed between bacterial communities and the detection of the human 
Bacteroides marker.  Furthermore, the sediments at several stations demonstrated 
extremely elevated IO concentrations suggestive of either recent and/or periodic 
inoculation or extended persistence of indicator bacteria. Each of these stations is 
suspected of being subject to recent or past wastewater leaks.  In either case, it is apparent 
that there are significant reservoirs of bacteria in the sediments throughout the Lower 
Hillsborough River that have the potential to re-inoculate the water column and 
contribute to chronic and elevated levels of surface water contamination. 
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Although both ruminant- and horse-specific markers were identified on occasion, existing 
land use data, as well as the simultaneous detection of human-specific markers, indicate 
that a human source is both more likely and more significant.   
 
The current data indicate the presence of the most significant “hot spots” for fecal 
coliform pollution in the vicinity of stations DHR4A as well as along Kirby Creek near 
stations DHR5 and DHR6-10.  The most likely source at station DHR4A appears highly 
localized and, as indicated by the pattern of MST marker detection, is likely OSTDS-
related, though this remains to be confirmed.  The data at stations DHR5-10 indicates that 
there may be multiple sources contributing to the surface waters in these locations.  It is 
probable that pollution originating in these areas is responsible for the elevated levels of 
indicator bacteria detected downstream.  Lastly, human-specific sources, such as SSOs, 
likely play a more episodic role in the contamination of the main stem sites, especially 
around stations HR2, HR4, and HR5.  Table 31 identifies the most likely sources of fecal 
contamination for each area of the Lower Hillsborough River. 
 
Suggested corrective actions, specifically to address: 1) potential OSTDS-related sources 
in the vicinity of stations DHR7, DHR8, DHR9, DHR4A, and HR3; 2) likely sanitary 
sewer-impacted areas (including those effected by SSOs) near stations DHR5, DHR7, 
DHR8, DHR9, HR5, HR4, DHR4A, HR3, DHR3, HR2, DHR2, and HR1Ref; 3) 
neighborhoods with possible illicit discharges that may be present upstream of station 
DHR6; and 4) probable impacts associated with stormwater contributions at stations 
HR4, DHR3, HR2, and HR1Ref are included in Section 10.0 
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Table 31.  Summary of the most probable sources of fecal contamination contributing to the Lower Hillsborough River sampling locations (generally listed from 
upstream to downstream).  N/A = Not Applicable 

Station Most Probable 
Source 

Sampling 
Location 

Corresponding 
Historical 

Station 

Fixed 
or 

Flexible

Weight-of-Evidence for 
Source Identification 

Comments 

HR5 Human 
(sewer) 

North 
Highland 
Avenue 

N/A Fixed Human-specific MST 
Episodic bacteria 

exceedances 
No known OSTDS in area 

 

SSOs at lift station on North Highland 
Avenue have been reported in the past 

Abundant sewer infrastructure throughout 
area 

Extremely elevated bacteria levels in 
sediments may cause re-inoculation of 

surface waters 
Exceedances with and without flow over 

dam 

DHR10 Human Fountain 
Bridge 

Apartment 
Complex 

(stormwater 
grate) 

N/A Flexible Human-specific MST 
Elevated levels of IOs 

Limited data (n=1) 
Collapse in parking lot pavement (observed 
by EPCHC) may impact gravity sewer lines 

and account for human-specific marker 
detected in storm drain 

DHR9 Human North 
Albany 
Avenue 
(north of 
Fountain 
Bridge 

Apartment 
Complex) 

N/A Flexible Consistently elevated levels 
of IOs 

Land use suggests human 
source 

 

Account for input from west 
Limited data (n=3) 

Parcels likely using OSTDS, in older 
residential area, identified by COT upstream 

of site 
Abundant sewer infrastructure throughout 

area 



Lower Hillsborough River – WBID 1443E 

111 
 

Fecal BMAP Implementation 
Summary Report, Draft Final April 2008 

Station Most Probable 
Source 

Sampling 
Location 

Corresponding 
Historical 

Station 

Fixed 
or 

Flexible

Weight-of-Evidence for 
Source Identification 

Comments 

DHR8 Human North 
Albany 
Avenue 
(east of 

Fountain 
Bridge 

Apartment 
Complex) 

N/A Flexible Human-specific MST, except 
esp marker may suggest 

OSTDS source 
Consistently elevated levels 

of IOs 
Detection of human-specific 

markers coincided with 
elevated bacteria levels 

Parcels likely using OSTDS, 
in older residential area, 

identified by COT upstream 
of site 

Account for input from north 
Abundant sewer infrastructure throughout 

area 

DHR7 Human North 
Albany 

Avenue and 
West 

Waters 
Avenue 

N/A Flexible Human 
Human-specific MST, except 

esp marker may suggest 
OSTDS source 

Consistently elevated levels 
of IOs 

Detection of human-specific 
markers coincided with 
elevated bacteria levels 

Parcels likely using OSTDS, 
in older residential area, 

identified by COT upstream 
of site 

 

Higher enterococci concentrations in surface 
waters than associated sediments and pattern 

of IO concentrations in sediments may 
suggest recent source 

Extremely elevated bacteria levels in 
sediments may cause re-inoculation of 

surface waters 
Connection to Fountain Bridge Apartment 

Complex retention pond 
Collapse in parking lot pavement (observed 
by EPCHC) may impact gravity sewer lines 

and account for human-specific marker 
detected in storm drain 

Flowing water typically observed in 
tributary after long periods without rainfall 
Abundant sewer infrastructure throughout 

area 
Deer or goats may contribute fecal coliform 

pollution to this site 
Family of ducks regularly observed upstream 
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Station Most Probable 
Source 

Sampling 
Location 

Corresponding 
Historical 

Station 

Fixed 
or 

Flexible

Weight-of-Evidence for 
Source Identification 

Comments 

DHR6 Human West Sitka 
Street 

N/A Flexible Human-specific MST 
Bacteria typically exceeded 

standards 
Only human –specific marker 

detected coincided with 
maximum fecal coliform 

concentration, may suggest 
recent source 

Higher enterococci concentrations in surface 
waters than associated sediments and pattern 

of IO concentrations in sediments may 
suggest recent source 

Abundant sewer infrastructure throughout 
area 

DHR5 Human West 
Whatley 
Place and 

River Shore 
Drive 

EPCHC 514 Flexible Human-specific MST 
Consistently elevated levels 

of IOs 
Land use suggests human 

source 

Account for input from Kirby Creek 
Higher fecal coliform concentrations in 

surface waters than associated sediments 
may suggest recent source 

Relatively low bacteria concentrations in 
sediments suggest that they do not likely 

cause re-inoculation of surface waters 
Abundant sewer infrastructure throughout 

area 
HR4 Human 

Stormwater 
Sligh 

Avenue 
EPCHC 152 Fixed Human 

Human-specific MST 
Co-occurrence of human 

markers is strong evidence of 
human contamination 

Detection of human-specific 
markers coincided with 
elevated bacteria levels 

Stormwater 
Positive correlation between 7-

day cumulative rainfall and 
fecal coliform and enterococci 

concentrations may suggest 
“aged” fecal pollution 

Large stormwater outfall at site

History of localized and repetitive SSOs 
Abundant sewer infrastructure throughout 

area 
Extremely elevated bacteria levels in 

sediments may cause re-inoculation of 
surface waters 
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Station Most Probable 
Source 

Sampling 
Location 

Corresponding 
Historical 

Station 

Fixed 
or 

Flexible

Weight-of-Evidence for 
Source Identification 

Comments 

DHR4B Human Northwest 
of North 

Rome 
Avenue and 
West Fern 

Street 

N/A Flexible Extremely elevated IO 
concentrations 

Land use suggests human 
source 

Limited data (n=1) 

DHR4A Human 
(OSTDS/sewer) 

North 
Rome 

Avenue 

N/A Flexible Human-specific MST, except 
esp marker, may suggest 

OSTDS source 
Detection of human-specific 
markers always coincided 
with extremely high and 
consistent levels of IOs 

Pattern of IO concentrations 
in surface waters suggests 

recent source 
Source independent of flow 

in tributary from across 
Rome Avenue (station 

DHR4B) 
Slipped joint identified in 

sewer lines west of site (not 
likely to have discharged 

water) 
Two parcels likely using 

OSTDS identified by COT in 
vicinity of site 

High bacteria levels in sediments may cause 
re-inoculation of surface waters 

Slipped joint identified in sewer lines west 
of site (not likely to have discharged water) 
Two parcels likely using OSTDS identified 

by COT in vicinity of site 
Standing water typically observed in 

stormwater ditch and at station DHR4A 
when tributary upstream of DHR4A is dry 

Deer or goats may contribute fecal coliform 
pollution to this site 
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Station Most Probable 
Source 

Sampling 
Location 

Corresponding 
Historical 

Station 

Fixed 
or 

Flexible

Weight-of-Evidence for 
Source Identification 

Comments 

HR3 Human 
(OSTDS/sewer) 

Small 
tributary off 
West Jean 

Street 

N/A Fixed Human-specific MST 
Detection of esp at this site 
and not at upstream station 

DHR4A may suggest an 
additional contributing source 

(possibly transported by 
riparian ditch) 

Account for input from west 
Higher fecal coliform concentrations in 

surface waters than associated sediments 
may suggest recent source 

Relatively low bacteria concentrations in 
sediments suggest that they do not likely 

cause re-inoculation of surface waters  
Negative correlation between salinity and 
fecal coliform and E. coli concentrations 

suggests “die-off” of bacteria 
Deer or goats may contribute fecal coliform 

pollution to this site 
Possible sanitary nuisance observed 

upstream by EPCHC and HCHD 

DHR4 N/A Just 
downstream 

of HR3 

N/A Flexible N/A Only two very minor exceedances 
Account for potential impact of stormwater 
from adjacent outfall and frequent upstream 

SSOs 
Negative correlation between salinity and 

fecal coliform concentration suggests “die-
off” of bacteria 

DHR3 Stormwater Henry 
Street 

N/A Flexible Stormwater 
Positive correlation between 
7-day and 14-day cumulative 

rainfall and fecal coliform 
concentrations 

Tributary draining urban 
landscape enters river from 

east at this site 

MST markers not utilized Negative 
correlation between salinity and fecal 

coliform concentration suggests “die-off” of 
bacteria 
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Station Most Probable 
Source 

Sampling 
Location 

Corresponding 
Historical 

Station 

Fixed 
or 

Flexible

Weight-of-Evidence for 
Source Identification 

Comments 

HR2 Human 
(sewer) 

Stormwater 

River 
Boulevard 

(Hixon 
Park) 

N/A Fixed Human 
Human-specific MST 

Co-occurrence of human 
markers is strong evidence of 

human contamination 
Detection of human-specific 

markers coincided with 
elevated bacteria levels 

Stormwater 
Positive correlation between 
7-day cumulative rainfall and 

fecal coliform and 
enterococci concentrations 
may suggest “aged” fecal 

pollution 
Positive correlation between 
14-day cumulative rainfall 

and all three IOs may suggest 
more recent pollution 

Large stormwater outfall at 
site 

History of localized and repetitive SSOs 
Abundant sewer infrastructure throughout 

area 
No known OSTDS in area 

Extremely elevated bacteria levels in 
sediments may cause re-inoculation of 

surface waters 

DHR2 Human 
(sewer) 

Dr. Martin 
Luther 
King 

Boulevard 

N/A Flexible Episodic exceedances of IOs
Land use suggests human 

source 

MST markers not utilized 
Area of frequent SSOs and large stormwater 

outfall 
Abundant sewer infrastructure throughout 

area 
No known OSTDS in area 

No observed correlations with rainfall 
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Station Most Probable 
Source 

Sampling 
Location 

Corresponding 
Historical 

Station 

Fixed 
or 

Flexible

Weight-of-Evidence for 
Source Identification 

Comments 

HR1Ref Human 
(sewer) 

Stormwater 

North 
Boulevard 

N/A Fixed Human 
Human-specific MST 

Stormwater 
Positive correlation between 
7-day cumulative rainfall and 
enterococci concentrations, 
may suggest “aged” fecal 

pollution 

Detection of human-specific markers did not 
always coincide with elevated bacteria levels 

Relatively low bacteria concentrations in 
sediments suggest that they do not likely 

cause re-inoculation of surface waters 
Abundant sewer infrastructure throughout 

area 
No known OSTDS in area 

DHR1 N/A Cass Street N/A Flexible N/A No observed exceedances of IOs 
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Map 16.  Map of the Lower Hillsborough River upon completion of Phase II, including identified sampling 
locations for Phase II, historical sampling locations, and general points of interest.  Results of the May 
through December 2007 sampling events suggest the presence of “hot spots” for fecal contamination in the 
vicinity of stations DHR6-DHR10, DHR5, DHR4A, and to a lesser extent, possibly resulting from dilution 
effects, stations HR4 and HR2.  The general areas are denoted by red circles. 
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Section 10.0 Suggested Corrective Actions 
 
The evaluation of available data discussed above indicates that the dominant sources of 
fecal coliform contamination in the Hillsborough River tributaries are basin dependent 
and include contributions from: 1) humans (e.g., OSTDS, existing utility infrastructure, 
and stormwater as a conveyance system for non-point sources); 2) livestock; and 3) 
wildlife.   

Section 10.1 Remediation of Onsite Treatment and Disposal Systems 
 
Properly designed, functioning, and maintained septic systems can effectively remove 
nearly all suspended solids, bio-degradable organic compounds, and fecal coliforms 
(EPA 2002); however, old and poorly maintained septic systems are a major source of 
fecal coliform contamination. Few programs exist to address onsite system operation and 
maintenance which result in failures leading to otherwise preventable costs and risks to 
public health and water resources (EPA 2002).  
 
In some situations, OSTDS provide a better health protection alternative than the public 
sewer system as, by their nature, they include the provision for passive wastewater 
treatment and are relatively cost-effective.  However, since even one failing OSTDS may 
be a large and chronic source of bacteria contamination, the situation conveys a need to 
have consistent city-wide measures to educate property owners to properly maintain their 
systems, to repair failing systems in a timely manner and/or connect to sanitary sewer for 
proper treatment, to educate professionals in the business of installing and repairing 
OSTDS, and to carefully monitor and inspect properties when there are complaints.   
 
If not already being done, it may be beneficial to implement the following suggestions in 
those areas most likely impacted by fecal contamination originating from OSTDS.  These 
areas primarily include the older residential neighborhoods and mobile home parks near: 
1) station NR2 in the New River; 2) stations BK2, BK3, BK4, and BK5 in Baker Creek; 
3) station FL2 in Flint Creek; 4) stations BW3, BW4, DBW7, and BW5A in Blackwater 
Creek; 5) station SB2 in Spartman Branch; and possibly 6) stations DHR7, DHR8, 
DHR9, DHR4A, and HR3 in the Lower Hillsborough River. 
 
As these systems are privately owned, one of the most important aspects to increasing 
their effectiveness is public education and outreach.  It is suggested that the HCHD and 
other local groups [(e.g., the Florida Onsite Wastewater Association (FOWA)] continue 
to focus a great deal of effort towards educating the public on various levels ranging from 
the legislators who vote on State and City statutes to local plumbers and environmental 
health professionals.  One suggestion is to increase the direction of these outreach efforts 
to homeowners in communities with a high incidence or likelihood of OSTDS failures 
(e.g., homeowners in close proximity to surface waters) and educate the owners on proper 
preventative maintenance practices. 
 
In areas where traditional OSTDS systems are not a viable option due to environmental 
conditions, new performance-based systems may provide a practical and cost-effective 
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alternative.  According to Scott Turner, Duval County Health Department (personal 
communication, March 5, 2007), newer performance-based systems are now available to 
meet advanced secondary treatment levels.  These systems are permitted in areas with 
decreased setbacks and smaller drainfields.  As a result, failure of these systems can be 
more problematic and are therefore subject to annual inspections.  It is suggested that 
owners of these systems be subject to a mandatory educational course instructing them in 
the proper maintenance of their systems.   
 
In areas where isolated and problematic septic systems are contaminating the neighboring 
surface waters, the following alternative programs may be beneficial:  

• a Department of Health-sponsored certification program for haulers 
responsible for the proper pumping, transportation, disposal and 
documentation of OSTDS maintenance procedures;  

• a program in which septic tanks must be inspected when home ownership 
changes or in regular time intervals, such as five years;  

• a community-based onsite management system program in which clusters of 
conventional septic tanks are drained into centralized advanced wastewater 
treatment areas and are managed by a designated responsible party (e.g., local 
utility or health department) (NESC 2006); and 

• a subsidized septic tank-pumping program that could be used in conjunction 
with septic-tank phase out programs (transition to centralized sewer) to help 
immediately alleviate impacts during the transition period. 

Section 10.2 Rehabilitation of Existing Utility Infrastructure 
 
Severe utility infrastructure collapses are rare; however, as the infrastructure ages, 
failures become more likely.  Continued inspection and rehabilitation of existing utility 
infrastructure, including proper preventative and predictive maintenance and the 
identification of problem areas, is important in order to help reduce or eliminate 
wastewater conveyance system leaks and SSOs. These measures should be implemented 
by all area utility providers. Oftentimes, as is the case in Hillsborough County and the 
City of Tampa, a single utility is not responsible for all sewer infrastructure throughout 
the area.  Private sewer infrastructure (e.g., lift stations) for instance, may be a potential 
source of fecal coliform contamination to area tributaries; however, currently there is no 
comprehensive geographic information available to identify these private systems.  In 
addition, service laterals that are part of every centralized sewer connection (e.g., for 
residences, hospitals, institutions) have a private component.  It is suggested that in order 
to increase the accountability of these facilities, explicit testing and maintenance 
requirements be employed and a program be implemented to arrange for inspections and 
repairs to be made by the same entity, with all reports sent to the City. 
 
The majority of households within the Lower Hillsborough River use centralized sewer 
and the abundance of associated infrastructure (e.g., lift stations, manholes, gravity 
mains, force mains) may fail on occasion resulting in varying levels of environmental 
impacts.  Those areas that would most likely benefit from the following suggestions, if 
not already being implemented, are contained within this basin.  The specific stations 
include: DHR5, DHR7, DHR8, and DHR9.  Those corrective actions pertaining to the 



Suggested Corrective Actions 

120 
 

Fecal BMAP Implementation 
Summary Report, Draft Final April 2008 

prevention of SSOs are recommended for the infrastructure impacting stations HR5, 
HR4, DHR3, HR2, DHR2, and HR1Ref.   
 
Predictive and preventative maintenance programs are crucial to the reduction of 
environmental impacts associated with leaking sewer infrastructure or more severe SSOs.  
The identification of particular areas that have been determined to be problematic and/or 
have a known root cause could therefore be instrumental in revealing the primary sources 
of contamination in the Lower Hillsborough River watershed. For example, it is 
recommended that the COT conduct regular inspections of sanitary lift stations for which 
it issues construction permits.  Additionally, it should be mandatory that sanitary lift 
stations have certified operator attendance at least once a month and that all lift stations 
located in close proximity to surface waters have back-up generators to prevent spills 
during power failures.   
 
Since large-scale replacements of existing systems have significant capital costs, it is 
necessary to routinely conduct investigations including but not limited to infiltration and 
inflow studies to evaluate the integrity of the infrastructure and use this type of 
assessment to locate severe problem areas with a high probability of impacts related to 
the utility.  Examples of investigations and maintenance procedures include regularly 
using remote camera equipment to inspect the lines as well as the cleaning of lines to 
ensure proper function.  Local utilities should use “mean time to failure” estimates to 
replace pumps at lift stations prior to failing as well as warning systems for failure of 
utilities in order to help minimize impacts when failures occur.  Additional preventative 
programs may include a Fats, Oils, and Grease (FOG) Reduction Program, a SSO Root 
Cause Program, and a Pop-Top Program whereby all manholes are inspected.   

Section 10.3 Stormwater Treatment and Non-point Sources 
 
“Non-point sources” are used to describe intermittent, rainfall driven, diffuse sources of 
pollution (e.g., stormwater runoff) associated with everyday human activities, including 
runoff from urban land uses, agriculture, and silviculture; discharges from failing septic 
systems; and atmospheric deposition.  Additional non-point sources may include areas 
with concentrated wildlife (e.g., bird rookeries) or domestic animals (e.g., dog parks).   
 
Typical fecal coliform bacteria concentrations for untreated stormwater runoff are within 
a range of 10,000 to 100,000 MPN/100mL (Metcalf & Eddy 2003).  As a result, it is 
important to consider stormwater as a potential and highly probable conveyance system 
for a variety of more specific sources of bacterial contamination.  Although the reduction 
and elimination of bacteria sources entering the stormwater system is critical, stormwater 
must also be considered as a source unto itself in order to manage it more effectively.   
 
Management actions to provide additional stormwater treatment will benefit a tributary 
by reducing the sediment, oil and grease, and nutrient and bacteria loadings discharged 
into the affected waterbody. When focusing efforts on stormwater treatment, it is 
important to realize that the reduction of sediment loads to a tributary is critical because 
such particles frequently adsorb bacterial colonies thereby facilitating their survival, 
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growth, and transportation from one area to another (Gerba & McLeod 1976, LaLiberte 
& Grimes 1982, Marino & Gannon 1991, Davies et al. 1995). 
 
The addition of programs to address stormwater treatment, if not already being 
implemented, are most likely to benefit the following project areas: 1) highly urbanized 
landscapes such as those in the Lower Hillsborough River (e.g., stations HR2 and HR4); 
2) neighborhoods with a high propensity for illicit discharges or where illicit discharges 
have been identified such as within Spartman Branch (e.g., station SB1) and the Lower 
Hillsborough River (e.g., upstream of station DHR6); 3) rural areas associated with 
livestock and agricultural practices in the New River (e.g., station NR1), Baker Creek 
(e.g., downstream of station DBK1 and between stations DBK2 and BK2), Spartman 
Branch (e.g., station SB1), and Blackwater Creek (e.g., station BW2) basins; and 4) more 
natural settings supportive of wildlife populations in the New River (e.g., station NR1), 
Flint Creek (e.g., stations FL1 and FL3), and Spartman Branch (e.g., stations SB3, DSB3, 
SB2, and DSB2) watersheds. 
 
Section 10.3.1 Stormwater BMPs for Highly Urbanized Landscapes 
 
Four BMPs have been identified as possible stormwater treatment and/or retrofit 
alternatives for the urbanized area within the Lower Hillsborough River basin: 1) 
filtration/dry detention with filtration; 2) infiltration/dry retention; 3) bioretention; and 4) 
baffle boxes. The basic structures, mechanisms, and treatment efficiencies of these four 
BMPs are provided below.  
 
Filtration/Dry Detention with Filtration 
 
Stormwater filtration BMPs (also known as dry detention with filtration) capture 
stormwater runoff, temporarily store the water in a small settling basin, and then allow 
the water to filter through an engineered media, most commonly a natural sand filter. The 
filtered water is then collected in an underdrain and transported back to the storm drain 
system. Because of the short detention times in this type of structure, biological processes 
such as nutrient uptake do not play a role in pollutant removal. Alternatively, physical 
processes such as sedimentation, and chemical processes, such as precipitation and 
absorption, are the major mechanisms of pollutant removal. 
 
Filtration systems are useful BMPs in urban retrofit projects because they do not require 
large areas and can be easily constructed into road right-of-ways and medians, parking lot 
perimeters and medians, within recreational facilities, as part of commercial landscaping, 
and within existing shallow swales. In addition, these methods are practical in areas 
where open space is not available because the filter system can be located underground.  
 
Filtration systems are not designed to serve as flood storage.  As a result, treatment 
processes requiring longer exposure times, such as biological uptake necessary to remove 
dissolved constituents, are extremely limited in this type of BMP.  Furthermore, although 
this BMP can be constructed in areas with high water tables, the removal efficiencies will 
be reduced.  This is because the primary mechanisms of pollutant removal used with this 
method are physical and chemical processes resulting from the infiltration of the water 
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through the permeable soil layer before entering the drain system below.  As a result, a 
deeper pipe system will generate greater pollutant removal efficiencies from the 
stormwater before it enters the drain.  
 
Generally, filtration provides good removal of most pollutants with the exception of 
soluble nutrients and they are best suited to remove total suspended solids and oil and 
grease from stormwater flows (EPA 2007b). Ranges of average pollutant removal 
efficiencies for filtration/dry detention with filtration BMPs are given in Table 32.  It 
should also be noted that this system should not be utilized where large amounts of trash 
or debris can cause the system to become clogged.  
 
Table 32.  Ranges of Pollutant Removal Rates for Filtration/Dry Detention with Filtration BMPs (EPA 
2007b). 

Pollutant Pollutant Removal Efficiency  
(25th Percentile - 75th Percentile)  

(%) 

Total Suspended Solids 80 - 90 
Total Phosphorus 40 - 65 

Soluble Phosphorus (-10) - 65 
Total Nitrogen 30 - 50 
Organic Carbon 40 - 70 

Total Zinc 70 - 90 
Total Copper 35 - 70 

Bacteria 25 - 70 
Hydrocarbons 80 - 95 

Chloride 0 - 0 
Trash/Debris 85 - 95 

 
Infiltration Dry Retention 
 
Infiltration BMPs (also known as dry retention) capture and store stormwater runoff in a 
dry basin before allowing the water to infiltrate into underlying soils and eventually 
return to the local aquifer. The stormwater runoff, along with the pollutants of concern, 
are then trapped in the dry retention area and underlying soils and not allowed to be 
transported into the storm drain system. In this type of system, biological, physical, and 
chemical processes all contribute to pollutant removal. Sedimentation and limited 
evaporation occur in the standing water immediately following a storm event. Sides and 
bottoms of all infiltration systems must be fully vegetated over sandy soils. The 
vegetation serves to stabilize the soils and maintain permeability in the underlying bed 
while also removing pollutants through nutrient uptake. The sandy bed then works to 
remove pollutants through both physical and chemical processes (Harper & Baker 2007). 
The bottom of the infiltration basin can often be covered in loose stones to provide 
storage for the stormwater before it enters the soils. In this case, the stormwater runoff 
will first pass through some type of pretreatment, such as a swale or sediment basin, 
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before passing into the infiltration chamber to prevent the loose stone layer from 
becoming clogged (EPA 2007b). 
 
Infiltration systems are useful BMPs in urban retrofit projects because they do not require 
large areas and can be easily constructed into road right of ways and medians, parking lot 
perimeters and medians, within recreational facilities, as part of commercial or residential 
landscaping, and within existing shallow swales. Because all flow is retained within the 
infiltration basin, pollutants and nutrients in the stormwater flow are removed from the 
storm drain system while also reducing runoff volumes. Another advantage to this type of 
BMP is groundwater recharge. One disadvantage to this method is that infiltration 
systems can only be constructed in areas with low groundwater tables and permeable 
soils. In addition, because all stormwater is retained in the infiltration basin, the runoff 
volumes treated are limited by the available storage in the treatment area (EPA 2007b). 
 
In theory, because all water is returned to the native soils and groundwater, all pollutant 
loads should be removed from the storm drain system as a result of infiltration. 
Infiltration systems are best suited to remove total suspended solids, metals, possibly 
bacteria, organic carbon, and oil and grease from stormwater flows. Pollutant removal 
data for infiltration systems are limited, so the ranges of average pollutant removal 
efficiencies for bacteria, hydrocarbons, chloride and trash/debris in Table 33 are largely 
based on the assumption that pollutant removal efficiencies will be similar to those in 
filtration/dry detention with filtration studies (EPA 2007b).   Also, similar to the 
filtration/dry retention with filtration BMP, infiltration/dry retention is not suitable where 
there are large amounts of trash and debris as they can cause the system to become 
clogged. 
 
Table 33.  Ranges of Pollutant Removal Rates for Infiltration/Dry Retention BMPs (EPA 2007b). 

Pollutant Pollutant Removal Efficiency  
(25th Percentile - 75th Percentile)  

(%) 

Total Suspended Solids 60 - 95 
Total Phosphorus 50 - 95 

Soluble Phosphorus 55 - 95 
Total Nitrogen 0 - 65 
Organic Carbon 80 - 95 

Total Zinc 65 - 85 
Total Copper 60 - 90 

Bacteria 25 - 70 
Hydrocarbons 60 - 95 

Chloride 0 - 0 
Trash/Debris 85 - 95 
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Bioretention 
 
Bioretention is a landscape feature that serves as a stormwater BMP and typically treats 
watersheds less than 1 acre in area. The bioretention cell is a shallow landscaped 
depression that treats stormwater in much the same way as a forested area. The cell 
contains trees and shrubs planted in a mulch layer above an 18- to 48-inch deep sand/soil 
bed. Stormwater is routed to the bioretention cell where it ponds temporarily and then 
filters through the mulch layer and into the sand/soil bed below. The bioretention cell 
generally stores approximately 6-9 inches of standing water during a storm event. The 
trees and vegetation in the landscape feature clean the standing water through biological 
uptake of nutrients by plant surfaces and roots. Sedimentation and limited evaporation 
occur in the standing water immediately following a storm event. Sides and bottoms of 
all infiltration systems must be fully vegetated over sandy soils. The sandy bed then 
works to remove pollutants through both physical and chemical processes. The water 
filters through this bed and into either a perforated drain to carry the stormwater 
downstream into the drainage system, or else the stormwater drains directly into the 
native soils and continues to infiltrate into the local aquifer (EPA 2007b). Bioretention is 
a landscaped and aesthetic use of infiltration and/or filtration stormwater BMPs.  
 
Bioretention systems are useful BMPs in urban retrofit projects because they do not 
require large areas and can be easily constructed into road right-of-ways and medians, 
parking lot perimeters and medians, within recreational facilities, as part of commercial 
landscaping, and within existing shallow swales. They are aesthetic and are often easily 
blended into a residential or commercial area. When a bioretention cell is built to 
infiltrate all water into the native soils, it provides substantial water quality treatment. 
Because all flow is retained within the bioretention cell, all pollutants and nutrients in the 
stormwater flow are removed from the storm drain system while also reducing runoff 
volumes. In this case, another advantage of bioretention is groundwater recharge. When a 
bioretention cell is built to filter the stormwater into the storm drain system below, care 
must be taken to ensure that the groundwater table is low and the soils are permeable to 
provide the maximum removal of pollutants from the stormwater before it enters the 
storm drain system. Similar to infiltration systems, one disadvantage is that because all 
stormwater is retained in the bioretention cell, the runoff volumes treated are limited by 
the available storage in the treatment area. However, this BMP has more storage and will 
provide more flood attenuation than a standard underground filtration system. 
 
Bioretention systems are best suited to remove metals, bacteria, and oil and grease from 
stormwater flows. Bacteria removal data for bioretention systems are limited, so the 
ranges of average pollutant removal efficiencies in Table 34 are largely based on the 
assumption that they will be similar to those in filtration/dry detention with filtration 
studies (EPA 2007b). 
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Table 34.  Ranges of Pollutant Removal Rates for Bioretention BMPs (EPA 2007b). 
Pollutant Pollutant Removal Efficiency  

(25th Percentile - 75th Percentile)  
(%) 

Total Suspended Solids 15 - 75 
Total Phosphorus (-75) - 30 

Soluble Phosphorus (-10) - 50 
Total Nitrogen 40 - 55 
Organic Carbon 40 - 70 

Total Zinc 40 - 95 
Total Copper 40 - 95 

Bacteria 25 - 70 
Hydrocarbons 80 - 95 

Chloride 0 - 0 
Trash/Debris 80 - 95 

 
Baffle Box 
 
Baffle boxes use the physical process of settling to remove trash, sediment, suspended 
particles and associated pollutants from stormwater runoff. The BMP is comprised of ,a 
concrete or fiberglass structure that contains several settling basins separated by baffles.  
An initial trash screen can be installed to prevent large debris, floatables or trash from 
passing into the assembly with the inflow of stormwater. Once flow enters the box, 
sediment is removed from the runoff as the water enters each settling chamber and is 
impeded by the baffle walls. As the settling chamber begins to fill, flow velocity is 
slowed and allows the sediment to settle out of the water. This continues in series 
removing the majority of the sediment from the flow (EPA 2001).  
 
Baffle boxes are generally placed in-line or at the outfall of a storm drain system. They 
are particularly well suited for urban retrofit projects because of the ease and low cost of 
installing the boxes directly into existing storm drain systems. While installation cost can 
be very low if pre-cast boxes are used, maintenance costs can be rather large. The 
accumulated sediment must be removed from the baffle boxes on a regular basis to 
prevent the sediment basins from filling.  If sediment is allowed to accumulate in the 
basins, re-suspension into the stormwater flow may occur during subsequent storms. The 
frequency of cleaning depends on the landuse, rainfall, and accumulation of sediment. 
Another disadvantage to baffle boxes is they are not designed for nutrient removal, so 
this would not be a suitable BMP if nutrients are the main concern in the area. However, 
nutrients, similar to bacteria, attached to suspended sediment will be removed from the 
flow as the sediment settles out (EPA 2001).  
 
Baffle Boxes are best suited for the removal of sediments from stormwater. Average 
pollutant removal efficiencies for baffle box BMPs are given in Table 35; removal 
efficiencies for bacteria are unknown. 
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Table 35.  Average Pollutant Removal Efficiencies for Baffle Box BMPs (ASCE 2001). 

Pollutant Pollutant Removal Efficiency  
(%) 

Total Suspended Solids 80 
Total Phosphorus 30 

Total Nitrogen 0 
 
10.3.2 Illicit Discharges 
 
Contamination of the stormwater drainage system and receiving waters by illegal and/or 
improper discharges occurs in a variety of ways.  Such discharges may include, but are 
not limited to: sanitary sewer flow; industrial process water; chlorinated pool water; and 
laundry releases.  Sanitary sewer flow, for example, may result from improper 
connections to sanitary sewage pipes or the direct connection of septic systems to 
stormwater conveyance networks, thus short-circuiting treatment provided by the 
drainfield.  
 
It is suggested that programs dedicated to the mapping, detection and elimination of illicit 
discharges be recognized as mandatory components of stormwater management plans.  In 
addition, educational outreach should be utilized to inform the public of the associated 
impacts on water quality.  Outreach can be implemented through the distribution of 
educational pamphlets and informational door hangers and through a storm drain-
stenciling program. Volunteers can also be trained to perform a variety of tasks to 
improve the environmental quality of their local watersheds.  These tasks can include: 
water quality monitoring; surveying streams for pollution sources; and the distribution of 
public outreach materials. 
 
10.3.3 BMPs for Livestock and Agricultural Practices 
 
The reduction or prevention of pollutant discharges associated with livestock and 
agricultural practices can include a combination of both structural and nonstructural 
practices.  The following examples of BMPs are recommended by the Florida 
Department of Agricultural and Consumer Services (DACS) for beef cow/calf operations 
in Florida and are described in the draft manual for Water Quality Best Management 
Practices for Florida Cow/Calf Operations (DACS 2008). 

• Maintenance of adequate vegetation cover; 
• Develop alternative water sources to attract animals away from streams, 

drainage canals, and lakes as much as possible; 
• When feasible, re-establish natural flow patterns, plug drainage canals and 

restore water through internal marshes, cypress ponds, or other natural 
wetlands that can assimilate nutrients and filter bacteria;   

• Use practices such as grassed waterways, filter strips, diversions, sediment 
traps, swales, and retention and detention ponds; 

• When cleaning ditches, use turbidity screens in the water at discharge 
points so turbid water does not leave your property; and 
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• Properly train and re-train employees annually and when changes are 
made. 

 
10.3.4. Wildlife and Natural Sources 
 
Lastly, since natural (i.e., wildlife-related) impairments are considered relatively low risk 
to human health and may be difficult or unreasonable to restore, it is suggested that signs 
alerting the public to the potential for health risk be posted at the necessary locations.   
 
All of the above, alone or in combination, can be effective in reducing coliform loadings 
to surface waters; however, each must be evaluated based on the area in question, the cost 
required, and the level of public acceptance.  It is recommended that analysis be 
conducted on a life-cycle cost basis and factors such as capital costs, operation and 
maintenance costs and regulatory issues be considered in order to determine the most 
feasible approach. 
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Section 11.0 Lessons Learned 
 
Several important lessons were learned throughout the duration of this project regarding 
both the practical application and interpretation of the developed methodology as well as 
the logistical requirements of a successful study.  There are three main categories in 
which these lessons could be placed: 1) collaboration with local stakeholders; 2) accurate 
analysis and interpretation of results; and 3) utility of the various assessment techniques. 

Section 11.1 Collaboration with Local Stakeholders 
 
One of the greatest achievements of this investigation was the extremely high level of 
cooperation and collaboration that was attained amongst the local stakeholders.  The 
approach used fostered this collaboration throughout all levels of the project: 1) 
collecting background information; 2) performing one-on-one intensive interviews with 
key local entities; 3) conducting a project workshop (“Maps on the Table”); 4) validating 
the conclusions from Phase I through a field reconnaissance (“Walk the WBID”) 
exercise; 5) facilitating and explicit investigations with individual entities to help hone in 
on specific sources in identified “hot spots”; and 6) documenting all of the findings of the 
detailed explorations conducted in each of the basins. 
 
It is the local stakeholder participation and cooperation that helped this project to operate 
on schedule and under budget.   
 

Section 11.2 Accurate Analysis and Interpretation of Results 
 

As demand for MST services grows, there is a recognized necessity for: 1) utilizing 
additional laboratories to effectively expand the analytical capacity within Florida for 
these projects; and 2) validating the performance of selected assays in order to reduce the 
need for application of multiple analytical methods for a given fecal source within a 
study.  This need arises from incomplete knowledge about the performance of the 
individual methods in the many complex environmental scenarios that are encountered in 
most studies of water quality.  

 
Microbial source tracking is the term applied to a group of methods that seek to identify 
the source(s) of fecal contamination in surface waters. These methods are currently used 
or are proposed for use in a variety of scenarios, including aiding in the assessment of 
human health risk at beaches and as a means to identify point source and non-point 
source contamination of surface waters for TMDL plans. The probable usefulness of 
these methods for assessing and potentially improving surface water quality has resulted 
in an increased demand for such services in Florida; however, the performance of these 
methods has, to date, been validated on an ad hoc basis with little coordination among 
practitioners or agencies.  PBS&J’s MST experience in conjunction with Dr. Harwood’s 
laboratory at the USF in tributaries of the Lower St. Johns and Hillsborough Rivers has 
demonstrated the need to build on existing experiences in order to further validate MST 
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methods for individual performance (i.e., accuracy, precision, sensitivity, specificity, and 
robustness) against a broad array of known contamination sources.  
 

Section 11.2.1 Co-occurrence of MST Markers 
 
The MST markers used in this proposal have been scientific tools for several years. Much 
is unknown about their fate, transport, and survival characteristics with respect to each 
other, and in relation to indicator bacteria and pathogens. It is therefore important to 
utilize multiple markers for a given fecal source, whenever possible, to increase 
confidence in the results. It is also important to use control sites where contamination is 
expected (e.g. ruminant at BW2) and where it is not anticipated (e.g. non-human markers 
at HR1). The use of multiple human markers provided very high confidence in the 
assessment of human source contamination at several Hillsborough River sites, including 
HR3 and BK1. In contrast, little evidence for human or ruminant contamination was 
found throughout the Spartman Branch sites, suggesting that the bacterial loading there is 
primarily from stormwater and natural sources. Continued exploration of the relationship 
between MST markers, indicator bacteria, and pathogens will increase their usefulness 
and ease of interpretation as the field advances. 
 
Section 11.2.2 Correlation between Indicator Organisms and the Detection of MST 

Markers 
 
The use of indicator bacteria to assess the impacts of fecal contamination on water dates 
to the end of the 18th century. The ideal indicator would be found only in feces, would 
never replicate outside its host, would have transport and survival characteristics that 
mirror those of the various waterborne pathogens, and would be highly correlated with all 
types of pathogens (including bacteria, protozoa and viruses). The ideal indicator is not 
known to exist, and in fact all indicator bacteria currently used for regulatory purposes 
are know to have failed for each of these criteria under certain (or sometimes most) 
conditions.  
 
In spite of their drawbacks, epidemiological studies have consistently shown a significant 
correlation between certain indicators (i.e. E. coli and enterococci) and the risk of 
gastroenteritis in humans that are using the water for recreation, particularly in waters 
that are known to be contaminated by human sewage. Much less is known about the risk 
to human health from recreation in waters that are contaminated by feces from other 
animals and from mixed sources such as stormwater; however high-risk sources of fecal 
pollution from animals known to frequently carry human pathogens, such as poultry and 
cattle, are considered high-priority pollutants by the U.S. Environmental Protection 
Agency (EPA 2007a). Thus, determining the source(s) of indicator bacteria in 
environmental waters is a major factor in estimating human health risk as well as for 
developing appropriate remediation and best management practices. 
 
It is not unusual for MST markers to fail to correlate with indicator bacteria 
concentrations in environmental studies (McQuaig et al. 2006c). Pathogens also 
frequently fail to correlate with indicator bacteria (Harwood et al. 2005). This disconnect 
is due to the highly variable sources, transport and survival characteristics of the different 
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indicator bacteria, MST marker-bearing microorganisms, and pathogens. What is clear is 
that if reliable markers of human fecal contamination are consistently detected in a water 
body, a fecal source is present that carries a distinct health risk for humans using the 
recreational water users. 
 
Variable results were achieved through a combination of multivariate analyses of 
bacterial community data used in this investigation to help determine the effectiveness of 
indicator organism concentrations in predicting the presence of source-specific pollution, 
as detected by MST markers. Relationships were identified between the detection of 
human and ruminant Bacteroides in individual basins; however, these results did not 
extend to all markers or into all watersheds and the observed associations were relatively 
weak with Global R values of less than 0.537.  In addition, higher E. coli concentrations 
were observed to correlate with the detection of ruminant Bacteroides.   
 
A chi-squared goodness of fit test was used to further investigate the relationship between 
fecal coliform concentration and the MST test results (i.e., presence or absence for 
HPyV, esp, human Bacteroides, ruminant Bacteroides, and horse Bacteroides markers).  
The null hypothesis for each WBID was constructed based on MST concordance with the 
state-recognized 400 CFU/100mL concentration level.  Evidence for this relationship was 
found for four of 18 tests; however, 17 test combinations (MST versus WBID) had 
greater than 20% of expected values under five and were subsequently removed from the 
analysis.  Interestingly, and in contrast to the results of the multivariate analyses 
described above, all of the human-specific markers showed some relation to the 400-limit 
in at least one of the six basins.   
 
Section 11.2.3 Utilization of Horse Bacteroides Marker 
 
The Bacteroides marker for horse feces was adopted directly from a peer-reviewed 
publication (Dick et al. 2005b), but had not been extensively validated in the USF 
laboratory. When this marker was detected in WBIDs where a horse source was not 
plausible, further validation efforts began. The PCR method was modified from a 
“touchdown” variation to a conventional PCR protocol, and primer concentrations were 
lowered. Subsequent testing against target and non-target fecal samples showed that the 
modified PCR assay was sensitive and specific to horses. Use of the modified assay 
through the remainder of the study yielded no apparent false-positives tests as well as 
confidence in the accuracy of this horse-specific MST test. 
 

Section 11.3 Utility of Various Assessment Techniques 
 
Section 11.3.1 Fluorometry 
 
The most notable lesson learned concerning the utility of various assessment techniques 
implemented in this project was the use of fluorometry in detecting wastewater 
contamination.  During this study Dr. Harwood’s laboratory and the FDEP Southwest 
District Office attempted a variety of techniques to test the utility of this tool.  Despite the 
apparent success of fluorometry in detecting plumes from OSTDS in surface waters in 
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other states (Grant 1998, TAMU 1999), the presence of organic compounds in Florida 
waters, proved to interfere with the detection of OBs by fluorescing and giving a “false-
positive” signal.   
 
In Dr. Harwood’s evaluation of UV-degradation rates, it was determined that pure water 
and Hillsborough River water have similar degradation rates and that an adequate signal 
was not being obtained from sewage.  Furthermore, results from the field station samples 
also suggested that the levels of OBs at the different sites were all similar and could not 
be discriminated from one another, despite significant differences in fecal coliform 
levels.   
 
Two fluorometry sampling strategies were also employed by the FDEP. The first 
involved the collection of grab samples for concurrent bacteriological and chemical 
analysis while the second used a real-time flow-through fluorescence system. The prior 
technique was designed to discriminate optical brighteners from other compounds by 
utilizing a dual-fluorometer system for analysis in the laboratory. This methodology 
allowed for the calculation of relative fluorescence using a ratio between fluorescence 
resulting from CDOM and that by optical brighteners. The second technique 
implemented by the FDEP utilized an in-water probe that could be used in systems that 
are not navigable by boat (e.g., Lower Hillsborough River, Lake Thonotosassa).   
 
Chris Anastasiou, FDEP, reported that the methodology that utilizes a dual-fluorometer, 
flow-through system designed to discriminate OBs from other compounds, appears to be 
the best methodology.  Furthermore, as determined in the Tributary Pollution Assessment 
Project (PBS&J 2006b), it is very difficult to draw definitive conclusions using 
techniques that involve using isolated samples from individual locations since the idea is 
to identify differences on a relative scale.  The equipment used for this methodology 
allows for the calculation of relative fluorescence using a ratio between fluorescence 
resulting from CDOM and that by OBs.  It should be noted, however, that both of these 
methodologies are limited in their utility by many factors, including when people do their 
laundry and how long it takes that water to move through the system.   
 
Currently, results from both the USF and FDEP approaches have been largely 
inconclusive; however, direct comparisons of the various OB-fluorescence methods as 
well as results from the microbial tests are expected to continue in future months.   
 
Section 11.3.2 MST Markers in Sediments 
 
The potential for sequestration and resuspension of indicator bacteria and 
microorganisms carrying MST markers in sediments led to an effort to test the sediments 
for MST markers. The inability to process an adequate sample size because of filtration 
difficulties led to the decision to end this effort after several months. Future efforts to 
process sediment samples for MST testing must await tests that are very sensitive and 
impervious to inhibition from interfering compounds so that low target numbers can be 
detected in smaller sample volumes.  
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Section 12.0 Conclusion 
 
The approach that was developed and documented in the lower Hillsborough River 
watershed builds on the work carried out in Duval County. It provides a useful, cost-
effective tool for guiding the implementation of fecal coliform BMAPs. Sources are 
defined to a level at which remedial action can be defined and successfully implemented, 
while also considering cost. Lower-cost, more basic methods are used first, followed by 
higher-cost, more sophisticated methods. 
 
In Phase I of the project, Initial Screening, relevant documents, historical data, and local 
knowledge were compiled, reviewed, and used to guide field reconnaissance and 
sampling. The sampling methodology was used to characterize the upstream, midstream, 
and downstream areas of each WBID.  In Phase II, Implementation, indicator bacteria 
from the sampling were enumerated and used to assess microbial pollution and 
distribution in the water column and sediments.  MST methods were then used to help 
identify specific sources.  In the final step, sources identified in the testing process were 
linked to the potential sources observed in the field to confirm the results.  The decision 
tree used in Phase II builds on the results of Phase I, placing more weight on the positive 
or negative result of multiple methods (i.e., the weight-of-evidence approach). 
 
In the lower Hillsborough River project, by developing detailed knowledge of sources, 
the accurate level and potential sources of impairment in 6 tributary WBIDs were 
determined and specifically targeted to individual human (wastewater and stormwater), 
animal, and natural sources.  Determining contributing sources is particularly important 
with fecal coliform contamination, because pathogens from human sources present the 
highest potential for infection.  Thus accurate source identification is critical to 
implementing management actions to improve water quality and protect human health.  
However, the measured indicators often do not readily discriminate between human, 
livestock, and wildlife sources.  
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