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EXECUTIVE SUMl\1ARY 

A variety of existing information on the density of historical (1972) and present day industries, 
specific categories of storrnwater generators (multi-sector permittees), and land use was compiled 
to identify the subbasins within the Sarasota Bay priority watersheds which were the likely sources 
of the noteworthy sediment contamination documented in Lowery, et al. (1993). Contamination 
potential was estimated under the assumption of poor housekeeping practices. Surficial sediments 
from the identitied groups of subbasins were sampled for selected metals, pesticides, and 
polynuclear aromatic hydrocarbons (P AH) and data were combined with existing sediment quality 
data to determine the locus of contamination and to allow prioritization of subbasins for treatment 
activities. 

The drainageways sampled during the project typically do not accumulate sediment fines. As a 
result, exceedances of probable and threshold biological il'npacts due to bulk contarrili'1ant 
concentrations (using criteria developed for coastal waters) are less frequent in the watershed 
stations than in earlier data from the tidal portions of the tributaries. Normalization techniques 
(metal enrichment ratios and PAH per weight of organic matter) were used which would account 
for the differing depositional environments. No chlorinated pesticides above the method detection 
limits were found in the 1998-9 watershed samples. 

Metal enrichment was more prevalent in the Cedar Hammock Creek, Whitaker Bayou and Hudson 
Bayou watersheds, and lead or zinc were the most commonly enriched metals among all of the 
stations. In particular, the lead enrichment from the lower central subbasins of Hudson Bayou 
watershed dwarfed all other contaminated areas and was inconsistent with predictions of regional 
stormwater loadings based on land use. 

As may be expected when examining a variety of contaminants and contaminant classes, spatial 
and temporal patterns of contamination vary by individual parameter. For PAll, sediments are 
even more non-homogenous at a given station than are metals, implying a more variable input. 
Compounds present are typical of stormwater, indicative of both petroleum and combustion 
products contamination. P AH concentrations appear to be a more serious problem for biota as the 
bulk concentrations of many more stations exceeded probable effects levels. Some watersheds had 
pervasive concentrations of PAH; Cedar Hammock Creek, lower Bowlees Creek, and Hudson 
Bayou. Other watersheds, such as Phillippi Creek, were comparatively free of PAH with a few 
notable exceptions. 

For metals, controlling discharges and source identification within the lower central subbasins of 
Hudson Bayou is a clear priority to reduce lead contamination. Regionalized treatment systems 
or activities may be an effective approach for addressing watersheds with pervasive contamination, 
but are less justifiable if contamination is limited to a few areas. Placement of systems for 
removal of contaminants clearly should follow an thorough assessment of watershed contamination 
as unlikely sources of significant contamination can override expected contaminant loads. 
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I. PROJECT BACKGROUND 

Sarasota Bay was incorporated into the National Estuary Program in 1989. At the time, the 
estuary was unique for the predominance of urban and residential influences on the Bay) and a 
general lack of heavy industrial sources (Estevez, 1988). Early and brief calculations of pollution 
susceptibility using toxic inputs and approximate flushing characteristics estimated low to moderate 
loadings of toxic and petroleum compounds and moderate particle retention efficiency (Klein 
et aI., 1988) for Sarasota Bay. 

Early characterization efforts (Lowrey et aI., 1993), however, detected substantial levels of 
contaminants in the tributary sediments, including toxic metals, pesticides, and petroleum or 
combustion compounds (polynuclear aromatic hydrocarbons or P AH). Tributaries most 
contaminated included Cedar Hammock Creek, Bowlees Creek, Whitaker Bayou, Hudson Bayou, 
and Phillippi Creek (Figure 1). In particular, the shellfish near Hudson Bayou were noted for lead 
concentrations which exceeded any site measured during the National Status and Trends Program 
from 1986-1989. Toxic organics in sediments exceeded the levels at which biologic{l effects could 
be expected in numerous locations. The regions that were highly contaminated evidenced a variety 
of toxic compounds. Sediments in the Bay proper were generally uncontaminated. While the 
tributary sediments form a relatively small areal extent of the benthic habitat available in Sarasota 
Bay, they also represent almost all of the low salinity habitat on which many juvenile life forms 
depend (Edwards, 1992). 

Since the characterization efforts, the Sarasota Bay National Estuary Program (SBNEP) in both 
the Framework for Action (1992) and the Comprehensive Conservation and Management Plan 
(1995) have identified toxic sediment contamination as an issue of concern and a priority research 
need. Existing sediment data and workshops were used to identify priority tributaries and to 
consider potential sources of toxies. A generalized approach to address the issue of toxic 
contamination was developed by Mote Marine Laboratory. Due to the level of sediment 
contamination and to the interest of other agencies in stonnwater planning, the Hudson Bayou 
watershed was selected for a demonstration of the evaluation technique. Subsequently, the 
remaining four basins (Cedar Hammock Creek, Bowlees Creek, Whitaker Bayou, and Phillippi 
Creek were similarly addressed. 

II. PROJECT OBJECTIVES AND SUMMARY 

The objective of the project can be summarized to identify the historic and present-day regions 
within the watershed which contribute toxic compounds to receiving waters. The evaluation 
technique initially developed for the Hudson Bayou watershed consisted of five activities which 
would together identify potential toxin sources (both historical and present-day) and stormwater 
loading estimates by watershed subbasin. 
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Historical Sources - The number of businesses and industries present at a selected prior time 
period were obtained from City Directories. Based on the type of commercial activity, businesses 
were categorized as potential contamination sources for metals, pesticides, and PAll. The density 
C?f potential sources (units per acre) was used to qualitatively rank subbasins within the watershed 
for historical contamination potential. 

Present Day Sources - Present-day contamination potential was similarly evaluated using County 
databases and inspection reports of small and large quantity generators (of hazardous wastes). 
augmented with occupational licensing. Again, industries were categorized as potential sources 
of metals, pesticides, and PAH, and density of industries used to qualitatively rank subbasins. 

Multi-sector Sources - The U. S. Environmental Protection Agency (EPA) has also identified 
certain categories of industries which, because of size or activity, are likely pollution generators. 
These industries, identified by SIC codes (Standard Industrial Code)) are required to participate 
in multi-sector stormwater discharge permits. Based on EPA-issued descriptions of activities and 
stonnwater quality, multi-sector businesses in present day County databases were:categorized as 
potential sources of metals, pesticides, and PAll. Density of industries per acre was again used 
to qualitatively rank subbasins. 

Storm water Loadings - Present-day loadings and relative subbasin contamination potentials were 
calculated from non-point source modeling, using a current database of stormwater concentrations 
from specific land-uses and land uses within the Hudson Bayou watershed. Loadings were used 
to quantitatively rank subbasins. 

New Analyses - Sediments within or downstream of the highest-ranked basins (most loading 
potential) were sampled for confirmation and relative contamination status. Sediment results were 
not used to provide quantitative loading information in themselves. 
The information on relative subbasin rankings in the above qualitative categories, the potential 
number of toxin sources, estimated stormwater loadings, and analytical results can then be used 
to identify and prioritize subbasins. Remediation efforts or stormwater treatment can be applied 
to provide the most effective controls of new loadings to receiving waters. 

After the initial application of the technique in Hudson Bayou, the delineation of potential 
historical sources was eliminated from the project approach. Historical and present-day patterns 
of land use appeared relatively similar, and so efforts were redirected into a greater density of new 
samples and analyses to identify or confirm contaminated basins. Subsequent text describing the 
ranking process continues to refer to historical patterns but it should be kept in mind that historical 
(1972) commercial activities were only ranked for the Hudson Bayou watershed. 
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III. METHODS 

Parameters of Interest 

Based on technical and economic constraints, the contaminant survey was limited to those 
parameters already identified as existing at excessive concentrations in the priority tributary 
sediments (Lowery et ai., 1993). Qualitative rankings for subbasins based on historical, present 
day, and multi-sector industries were performed by three parameter categories, 1) metals, 2) 
pesticides, and 3) hydrocarbons (polynuclear aromatic hydrocarbons, or PAH). For non-point 
source modeling, quantitative loadings were calculated individually for copper, lead, and zinc, the 
metals which were most often enriched in Sarasota Bay sediments (Lowrey et al., 1993). For 
pesticides and P AH, many recent stormwater concentrations of individual compounds are less than 
the analytical limits of detection. As a result, the calculation of basin loadings is problematic. 
New analyses of sediments collected under this project included the metals aluminum, copper, 
lead, and zinc, chlorinated pesticides, and PAR. 

Subbasin Boundaries, Drainage, and Land Use 

Basin and subbasin boundaries for Hudson Bayou were obtained from Sarasota County. 
in GIS format. The subbasin boundaries used were a composite of two prior efforts. 
Delineations by Post Buckley Schuh & Jernigan for stormwater master planning appeared to follow 
topographical contours, while contributing areas defined by Camp Dresser & McKee followed 
artificial drainage, generally along transportation right of ways. Where boundaries in a region did 
not agree between the two studies, the larger of the two areas was used as a conservative estimate 
to define the study boundaries for this project. Hard copy of subbasin boundaries did not always 
agree with the magnetic versions, with magnetic versions often combining two or more subbasins 
that had been identified for previous hydrological modeling. Since none of the subbasin 
compilations crossed major subbasin boundaries, the magnetic delineation was used, maintaining 
the subbasin numbering system contained in the magnetic version. Unnumbered basins were 
assigned identifications (020701, and 020801) using nomenclature similar to existing. A total of 
51 basins resulted (Figure 2), all of which were maintained for analysis in the demonstration 
effort. Areas of basins were computed on 1 foot grids in the ArcView environment. 

Drainage between subbasins was not well defined by existing information. Flood plain 
delineations performed in 1997 by PBS&J illustrate the major open channel conveyances within 
the Hudson Bayou watershed, but only detail a small fraction of the network of closed pipe 
stormwater drainage. Much of the region's drainage is subsurface, particularly in the urbanized 
sections. Subbasins are grouped according to estimated drainage, but several are connected at 
more than one point and routes to the receiving waters can obviously vary with localized 
conditions. From the major subbasins, however, and from windshield surveys of the watershed 
sUrface topography and drainage directions at the time of the survey, probable drainage areas and 
contributing subbasins were identified. 
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Subsequently basin delineations were also obtained for Cedar Hammock Creek, Bowlees Creek, 
Whitaker Bayou, and Phillippi Creek (Figures 3-6), Manatee County Public Works Division 
supplied magnetic files of Cedar Hammock and Bowlees Creek basins in GIS format. There were 
relatively few basins illustrated in Cedar Hammock and so 5' contours from 1 :24,000 quadrangles 
were used to estimate additional subbasins. Drainage was determined through reference to stream 
layers, mapping products (Florida Atlas & Gazetteer), and windshield surveys of surface 
topography. Basins for Whitaker Bayou were obtained from Sarasota County in paper format, the 
interim product of a recent U.S. Army Corp of Engineers basin delineation effort. As the 
magnetic version was not yet available, the basins depicted on the aerial photography were hand 
digitized to allow further analysis. Subbasins within Phillippi Creek were supplied as a magnetic 
GIS file by the Sarasota County Transportation Department - Stormwater Environmental Utility. 

The remaining watersheds were each subdivided into fewer subbasins than the 51 of Hudson 
Bayou. For Cedar Hammock, Bowlees Creek, Whitaker Bayou~ and Phillippi Creek, respectively ~ 
subbasins numbered 8, 11, 27, and 14. Areas of basins were computed on 1 foot grids in the 
Arc View environment. The watersheds also vary by a factor of 20 in relative size between 
smallest and largest. Hudson Bayou is the smallest (1,754 acres), followed by Whitaker Bayou 
(4,648 acres), Bowlees Creek (5,975 acres), Cedar Hammock Creek (6,468 acres), and the largest, 
Phillippi Creek (35,802 acres). 

Cedar Hammock Creek was somewhat unusual in that the basins identified had a total of three 
outlets, one to Sarasota Bay, one to Palma Sola Bay, and a third to the Manatee River (Wares 
Creek). As the focus of the investigation was to determine the sources of contaminated sediments 
in Sarasota Bay, fieldwork on this basin included a determination of the portion of the drainage 
basin which typically drains to Sarasota Bay. This location may vary, of course, depending on 
relative water levels. Under the conditions in late fall 1999, the area contributing to Sarasota Bay 
was roughly a third of the total watershed delineated and is indicated on Figure 3, above. . 

Land use classifications for the Sarasota 'County portion of the study area were obtained from 
Sarasota County Planning Department, who had refined and updated SWFWMD 1991 FLUCCS 
(Florida Land Use Code and Classification System) coverages based on 1995 data. These 
classifications were used for Hudson Bayou, and the Sarasota County portions of Whitaker Bayou 
and Phillippi Creek. Coverages from SWFWMD for 1995 were used for the Manatee County 
portion of the study area; Cedar Hammock, Bowlees Creek, and small portions of Whitaker Bayou 
and Phillippi Creek watersheds. 

Historical Non-Point Sources 

Investigation of older commercial interests was only performed for Hudson Bayou. A list of 
potential, historicat non-point sources to the Hudson Bayou watershed was developed from a 
1972 City Directory (Polk, 1972). 
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Figure 6. Subbasin identifications, Phillippi Creek watershed. 
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The time period was selected to coincide with the year of the enactment of the Federal Water 
Pollution Control Act (October 18, 1972), commonly known as the Clean Water Act. The 
legislation was the first nationwide regulatory program to address the control of discharge of 
contaminants into navigable waters. The Act marked an increasing awareness of the impacts of 
pollutants on receiving waters and was followed by an upsurge in the activities of local and state 
regulatory agencies. City Directories, in addition to the alphabetical listing of county residents 
and street listings, provide tabulations of commercial entities by general groups, such as suppliers 
of "Power Tools", "Plywood II , or "Printer's Supplies". 

Commercial groupings in the Directory were categorized as to the types of contaminants possible; 
metals, pesticides, hydrocarbons (PAH). To categorize a business for potential contaminants, the 
raw materials used, products manufactured, and probable manufacturing processes were all 
considered. Retailers (of pre-packaged items) were generally not considered to be potential 
contaminant sources. Large retailers, such as shoppLTlg centers or department stores were 
considered to have large parking areas, high vehicular traffic, and were categorized as potential 
P AH and metals sources. Transportation industries (moving companies), delivery services, and 
other businesses likely employing a fleet of trucks was also considered a potential P AH and metals 
source. Pesticides were assumed in use not only at nursery-related industries, but also for large 
food preparation industries and public attractions with elaborate or extensive landscaping. Poor 
"housekeeping" practices (outside and uncovered storage of raw materials, discarded 
manufactured items, and inappropriate discard and/or poor control of wastes) were assumed 
in all cases and so undoubtedly represent an overestimate of the contamination sources. 

The general commercial groupings (from the Directory headings) considered as possible 
contamination sources, together with the assigned contamination categories, appear in Appendix 
A-I. All businesses listed under these headings in the Directory were then compiled, with 
duplicate entries (under more than one category) and multiple entries at a single street address 
eliminated where appropriate. A total of 1107 entries resulted for Sarasota County as a whole. 
Listings were geolocated using U.S. Census Bureau Tiger95 maps of street addresses 
(TIGER/Line, 1995) and mapped on the watershed subbasin boundaries. Unmatched businesses 
were individually reviewed to optimize the database size. For all businesses falling within the 
subbasins of the Hudson Bayou watershed, each subbasin assignment was individually reviewed 
for reasonableness. A total of 147 businesses were identified as potential contaminant sources 
within the Hudson Bayou wate~shed in 1972. 

Within each subbasin, the number of potential sources of metals, pesticides, and P AH was 
computed and normalized for the subbasin area. The number of businesses per acre was used to 
assign ranks to the subbasins for each of the contaminant categories with 1 as the least and 51 as 
the highest. The three contaminant rankings (metals, pesticides, and P AH) for each subbasin were 
then averaged to obtain combined historical rankings of all Hudson Bayou subbasins (Appendix 
A-2). The ranking of historical sources did not include any estimation of residential non-point 
sources or any permitted point sources. As described above, the ranking of potential historical 
sources was not performed for the remaining basins. 
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Present-day Non ... point Sources 

A list of potential, present day non-point sources (again excluding residential loadings) was 
identified from a variety of references, including federal, state, and local agency databases. 
Listings of small and large quantity generators of hazardous wastes were obtained from Sarasota 
County Fire Department Hazardous Waste Management and covered Sarasota County and City, 
as well as Venice and other communities. Manatee County's Environmental Management 
Department supplied a similar listing. The list structure and content originated with the Florida 
Department of Environmental Protection (FD EP) but has been updated by both Counties through 
inspections, telephone interviews, occupational licensing (where applicable), additions to yellow 
pages, commercial solid waste accounts, and FDEP identification numbers for the removal of 
hazardous wastes. The list includes SIC codes which are assigned by the County Tax Assessors 
Office in conjunction with occupational licensing. 

The list was augmented as necessary to include large quantity generators ofhazardo~s wastes, on
line facility listings obtained from the Facility Index System (FINDS) maintained oy EPA Office 
of Infonnation Resources Management (OIRM) , inventories of EPA regulated facilities, and other 
facilities listed by a number of EPA program offices, including: 

o National Pollutant Discharge Elimination System (NPDES) permit holders and the 
Permit Compliance System data base, 

o Closed landfills identified in the NPDES Municipal Separate Storm Sewer System 
(MS4) applications 

o Toxics Chemical Release Inventory System (TRIS), 
o Biennial Reporting System submitted by generators of hazardous wastes and 

facilities that treat store or dispose of hazardous wastes, required by RCRA 
(Resource Conservation and Recovery Act), 

o Comprehensive Environmental Response, Compensation and Liability Information 
System (CERCLIS), 

o Hazardous Substance Release/Health Effects Data Base (HazDat) maintained by the 
Agency for Toxic Substances and Disease Registry for releases from superfund 
sites or emergency events. 

The present day listings for Manatee County and Sarasota County, combined, included 3238 
businesses. Potential contaminant categories were assigned to each unique SIC code based on raw 
materials, manufacturing processes, probable commercial activity, and under the assumption of 
poor housekeeping practices. Contaminant categories were matched with SIC codes of the 
individual businesses. Present day listings were geolocated, with review procedures as described 
above for historical sources. Of the present day industries with contamination potential, 1938 
were within the watersheds of the priority subbasins, 

Within the Hudson Bayou watershed, 122 entities were judged to be potential contaminant sources. 
Within the remaining four basins, 244,415, 305, and 852 potential sources of contamination were 

12 



found within Cedar Hammock (entire watershed), Bowlees Creek, Whitaker Bayou, and Phillippi 
Creek, respectively. The SIC codes of present day industries that are considered to have 
contamination potential and that are located within the various watersheds appear in Appendix B-1. 
Density of sources per acre was used to rank the subbasins by each contaminant category, and to 
compute an average ranking for potential present day sources (Appendix B-2 through B-5) Again, 
residential non-point sources and permitted point sources were not included in the development 
of the present day rankings. 

Multi-sector Industries 

Under the EPA's Multi-Sector Industrial stormwater NPDES permitting program, a number of 
SIC codes are treated as a single category for runoff permitting purposes (Appendix C-1). The 
industries are those which, because of materials used or manufacturing activity, must take 
particular care to prevent pollutants from entering stormwater. For each of these 29 facility 
groups, EPA has published an Industry Profile (Appendix C-2 through C-5) which lists toxic 

~. 

products and by-products which are associated with the industry, a select list of pollutants (and 
concentrations) found in runoff from these facilities, and options for controlling stonnwater loads. 
The Industry Profiles were used to assign the potential contaminant categories of metals, 
pesticides, and PAH to each of the multi-sector facility types. Based on SIC codes contained in 
the compiled Sarasota and Manatee County database, multi-sector industries were identified, 
assigned potential contaminant categories, and geolocated as described for historical and present 
day potential sources. Of the 231 multi -sector industries within Sarasota County, 22 were within 
the Hudson Bayou watershed. A total of 30, 135, 82, and 121 multisector industries were within 
the boundaries of Cedar Hammock, Bowlees Creek, Whitaker Bayou, and Phillippi Creek, 
respectively. Within Hudson Bayou, the most numerous category (9 of 22) was printing and 
publishing facilities. The most numerous facilities type within the Cedar Hammock watershed was 
Sector R, 'Ship and Boat Building or Repairing and within the Bowlees Creek watershed was 
'Fabricated Metal Products' (Sector AA). The Whitaker Bayou watershed had a concentration of 
Sector W ~ 'Furniture and Fixtures' , as did Phillippi Creek. Facility types within each watershed 
are listed in Appendix C-6. Density per acre was used to define rankings for each of the 
contaminant categories. The average ranking for multi-sector industries was then computed as the 
mean of the three contaminant rankings (Appendix C-7 through C-10) . 

Quantitative Present-day Non-Point Source Loadings 

Estimates of subbasin loading were developed using a Windows-based version of the 
Watershed Management Model (WMM), a public-domain software prepared for Florida 
Department of Environmental Protection (FDEP) by CDM. The model has been accepted by 
EPA for use in watershed management as noted in the Compendium of Watershed-Scale 
Models for TMDL Development (EPA 841-R-92-002) and was the most commonly used model 
by municipalities to meet their annual loading estimate requirements under the MS4 NPD ES 
program. The majority of the development work was completed as part of a EPA stormwater 
demonstration project (Rouge River Watershed Demonstration Project, 
http://www.epa.gov/OWOW/watershed/rouge_mLhtml). 
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The core calculations of WMM were derived from a simple equation: 

Watershed Runoff X Event Mean Concentration = Watershed Load 

Recently (1991-present), a sizeable and current database of runoff quality was developed by 
municipalities around the country as a Federal requirement for obtaining an NPDES permit to 
discharge stormwater. Known as MS4 permits, each applicant is required to sample three 
representative storms from up to five different land use types in order to characterize the type and 
concentration of pollutants in runoff. While the value of such expensive sampling remains subject 
to debate, the program produced a database rivaling EPA's landmark efforts in the 1980's known 
as the Nationwide Urban Runoff Program (NURP). The NURP data were the source of Event 
Mean Concentrations (EMC - average concentration in stormwater runoff) data for many non
point source modeling efforts over that past decade. However, newer data is believed to reflect 
both the advances in sampling/analytical techniques as wen as the changes brought about by years 
of improved environmental regulations (e.g. reduction of leaded gasoline additives beginning in 
the early 1970's [Trefry et aI., 1985]). Consequently, a conscientious effort was made to acquire 
and convert the newer data into EMC data for the present project. 

Runoff quality data submitted to EPA as part of NPDES MS4 permit applications were obtained 
for 192 sites, representing 603 storm events. Relatively few of the sites represented a single land 
use, and it was necessary to combine similar land use types. The land uses sampled by each site~ 
along with the location of each site, is given in Appendix D-l. The MS4 application process did 
not specify land use categories, and as a reSUlt, there is a great deal of variation in describing the 
land use. For example the terms' forest', 'open', 'park', 'urban open' and' recreational' might 
all be used to described a wooded parcel within an urbanized or rural setting. Similar problems 
of definition occur when attempting to describe "industrial II (light, medium, heavy or intensive) 
and other land uses. Land use types for which stonnwater data were available and which were 
combined for the present evaluation are given in Table 1. The selection criteria applied to 
development of an EMC for a defmed land use type was that the combinations of the land uses 
must exceed 70% of the total land use. For example, if combination of forest and urban open 
exceeded 70% at a given monitor site, then the data were included for development of an 'open' 
land use EMC. 

For pesticides and polynuclear aromatic hydrocarbons, the same pattern as seen in the NURP data 
was repeated in the newer data. In essence, the overwhelming majority of these analytical results 
indicated that the compounds were undetectable under the required analytical methodology 
regardless of the land use. Table 2 gives the compounds evaluated and typical detection limits, 
while Table 3 illustrates the percentage of non-detectable values by land use. Generally, the 
number of detectable results represented less than 3 % of the observations. For purposes of 
ranking stormwater pollution potential of sub basins, the large number of results below the 
detection limit would result in the conclusion that loading was independent of land use (and thus 
independent of differences in subbasins). 
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Table 1. NPDES MS4 land uses, number of sites with the predominant land use, and land uses combined for 
non-point source stormwater modeling. 

NPDES MS4 Land Use 

Number of sites with > 70 % specified use 40 I 1 I 0 37 I 5 I 1 4 5 I o I 0 I 54 I 14 I 0 I 0 

PARK I URBAN OPEN I FOREST I WATER I 
X I WETLAND 

SF MEDIUM DENSITY RESIDENTIAL X X 

HIGH DENSITY I MULTI FAMILY RESIDENTIAL X 

RETAIL I COMMERCIAL I OFFICES I 
X X 

INSTITUTIONAL I ROADS 

INDUSTRIAL X X 

"'-" 



Table 2. Polynuclear aromatic hydrocarbons (PAH) and chlorinated 
pesticide detection limits measured for NPDES MS4 applications. 

PAR 
Detection Limit

typical (ugll) 

3,4·BENZOFLUORANTHENE . 7 ACENAPHTHEf:iii·"··'" ........................ 7 
ACENAPHTHY"LENE····" .. ·· ...... ··· .... ·· .. _··, .. · .. · .. ···· .. ·· .. ··" .. " .... "7 
ANTHRACENE 6 BENZO(A)ANTHRA CINE'"""-·-----·-'~.,!',,···-M,.-'~-... -.. --, ." 8 "'-'''~.-,---~-- .. ~-,

BENZO(A)PVf{E'f:jE"· .. · .. · .. ··· .. · ... 
BENZO(GHbpERyLENlf· .. "· .. · .. · .. · .... " .. ,,···· 
BEy~iZ6(K)"j~ijj6AANTHE·Njr· ...... ·! 7 
CHRYSENE····· ...... · .. ·· .. ·· .. · .... ····· .. · .. ···· .. ··· ... ·· .. ·· .. ···" .... -.. ,. 
bfBENZO(A'JljANTHRAC'ENE":'" "'." ..... " ......... "8 ............. _ ..... .. 
F·L.~Q~~~.~.·::.·~:·.,,·::·.· ... ~.~.:·.::.·::"'::··:·::·::~:-.:~~::::::.::-. .. :.~~=~.:.~.~.:::::::::~:: .. : .. :~.==~:-.::::: 
FLURORANTHENE . 7 
INDENO(L2:3·~cri5pYREi~iE-· .... · .. · .. ····· .... -.. - .. · .... · .. ··7···· ..... __ ....... . 
NAPTHALENE· .. · .. · .. · .... ······ ······ ... _ ........ · .... · .. ·,···_ .... _·· .... ···· ...... 6 ...... · .. · .. · .... ··· ...... · 
PHENANTHREi'i'E .. ·.... ......................... ..... 6 

Chlorinated Pesticides 

ALPHA·BHC 
DELTA-BHC 

GAMMA .. ~·BHC .. (i.rNDAr:i'E) 
······ .. ··'fIEPTACHLOR· .. ··········· .. " .. ·· .. · .. ·,,··· 

Detection Limit
typical (ug/l) 

2: 
4 
4 

Table 3. Percentages of nondetectable results in NPDES MS4 applications; 
polynuclear aromatic hydrocarbons (PAR) and chlorinated pesticides. 

PAH % Nondetecable # Obs. Chlorinated Pesticides % ~ondetectable , 

I-s_mg_le_F_am_i_IY_I_M_ed_iu_m_D_ens_i_ty ___ + .......................... 97~ .. : .. : .. 6:::.%:.~ ............................... , ................... :2:.',S:;9:: .. 1: .• S_in_&_le_Fam_i1_Y 1_~_ted_i_Um_De_ns_iIY __ -I"""."."'"'''''' ... ~: •. ! .. ~ ...... . 

f:=M_U--::lli:--F:::-am_il_
Y 

_I H:-ig~h~De~ns:-i_tY-::cR_es:-lde:-n:-lial--i'''''''. .. .......... 1.~.:Q .. ,! ....................... i._ .................... l~.96.: ... 7 ... IM_Ull_i-_Fam.t_·1y_I_H_igh_De_ns_ity_R_e_sid_e~nti_a1--1 
Retail. Comrnerical, Offices, InstitUtional. Retail. COIlUTleriCal. Offices. InsliCUlional. 

100.0% ..... ,-... -...... ", ........... ,,"' ..... . 

Roads 97.1% 1,696 Roads 99.2% 
,,, ...... , .. ,---.. , ........ ,-.... -... . 

Industrial 97 .. 3 % 1.507 Industrial 96.9% 

# Obs. 

l!2 

l.~ .. 

894 
_ .. _--_.""., ..... "" .. ,,-*,'*-- ..... --.----~---.- ... 

Park. Urban Open. Forest, Water, 
Wetland 100,0% 

Park. Urban Open, Forest. Water. 
180 Wetland 
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In lieu of the fact that all land uses would have the same EMC and no differences in loading or 
ranking could be developed, runoff modeling for PAR and chlorinated pesticides was not 
undertaken. 
The metals of interest, however, were generally detectable in runoff, and a database was 
developed along the combined land uses previously described. The data were normalized to a 
common concentration unit and inspected for outliers or suspect values. In some cases the 
reported value was less than the reported detection limit. In other cases, the reporting units 
appeared to be incorrect (converted values were orders of magnitude different from the remainder 
of the data for either detection limits or reported values, or both.) Suspect data were discarded. 
Stormwater concentrations generally follow a log-normal distribution and a protocol for estimating 
the arithmetic mean from a log-normal distribution was reported in the NURP Final Report 
(USEPA, 1983) as follows (report nomenclature retained): 

Where 
M 
T 

U 

CV 

w 

= 

= 
= 

M = T * SQRT (1+ CV2) 

(Mean, Arithmetic) Estimated Arithmetic Mean of EMC based on log-nofinal distribution 
(Median) • Geometric mean of transformed data, = exp(U) 

(Mean, logarithmic) Mean of natural logarithm transformed data 

(Coefficient of variation, arithmetic ), Estimated Arithmetic CV based on log-normal 

distribution, = SQRT (exp(W2)-1) 

(standard deviation, logarithmic). Standard deviation of transformed data 

The resultant EMCs are given in Table 4, along with the number of observations contributing to 
the derived EMC. Also shown are the EMC data used in prior modeling work for Sarasota Bay 
(CDM, 1991). In general, the recent lead and zinc EMCs are lower than those previously used, 
although it is unknown if these differences are statistically significant. This apparent decrease 
could be the result of improved environmental awareness and controls (eg. The phase-out of 
leaded gasoline) or differences in sampling. For example, the recent MS4 NPDES program 
imposed a 72-hour antecedent dry period prior to sampling, and storm volume and duration were 
specified for the MS4 program. The wide-spread use of automatic samplers in the MS4 program 
probably contributed to more unifonn sampling coverage across the storm hydrograph than 
occurred during the NURP study. 

Annual loadings were desired for the present evaluation. Consequently, an annual average rainfall 
of 54.7 inches (CDM, 1992) was specified and used for all stormwater modeling. Pervious area 
was assigned a runoff coefficient of 0.15 and a value of 0.95 was assigned as the runoff factor 
for impervious area. Baseflow loadings were not simulated in the current study as the primary 
focus was on stormwater loadings. 
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Table 4. Event mean concentrations used for non-point source modeling. 

Present Study 
For Toxics Evaluation 

Lead, ugll Copper, ugll Zinc, ugll 
(n=) (n=) (n=) 

Single Family I Medium Density 0.027 0.023 0.102 

(n=183) (n =181 ) (n = 187 ) 
Multi-Family I High Density 

0.018 0.013 0.113 
Residential 

(n = 14 ) (n = 14 ) (n = 14 ) 
Retail, Commerical, Offices, 

0.024 0.024 0.175 
Institutional, Roads 

(n = 109 ) (n =108) (n =95) 

Industrial 0.031 0.039 0.276 

(n =114) (n =114) (n = 101 ) 
Park, Urban Open, Forest, 

0.020 0.007 0.033 
Water, Wetland 

(n = 14 ) (n = 13 ) (n = 13 ) 

SBNEP - Phase I, II and III 
Point I Non-Point Source 

Lead, ugll Zinc, ugll 

0.049 0.054 

0.076 0.060 

0.235 0.120 

0.235 0.120 

0.000-0.006 0.000-0.120 



The directly connected impervious areas (DCIA) assigned to each land use were as follows: 

Land Use 
Single Family / Medium Density Residential 
Multi-Family / High Density Residential 
Industrial 
Park, Urban Open, Forest, Water, Wetland 
Retail, Commercial, Offices, Institutional, and Roads 

DCIA (%) 
30 
45 
70 

1 
70 

The combined land use file from all five basins consisted of 100 standardized (FLUCCS) land uses 
(Appendix E-1). Duplicate code numbers with differing descriptions were retained for 
completeness. Due to limitations of land use descriptors used to characterize runoff quality and 
the limited number of land use types for which runoff quality data are available, the land use 
within each basin was assigned and consolidated into five major categories (Appendix E-1) witt1. 
resulting acreages per subbasin and combined land use types listed by watershed and subbasin in 

-~ 

Appendix E-2 through E-4. The combined land uses are illustrated for the Hudson Bayou 
watershed in Figure 7 and indicate that the single family-medium density designation forms the 
bulk of the land use (750 acres), with a relatively small proportion of industrial (12 acres). 
Figures 8 through 11 illustrate land use for the remaining four basins. Cedar Hammock is 
dominated by multi family and high density residential (54 % of approximately 6,500 acres) with 
only 0.5% classified as industrial. Nearly 38% of Bowlees Creek 5,975 acres was also multi
family and high density residential with nearly 12 % industrial land use. Whitaker Bayou land use 
was relatively evenly divided between open and single family medium density categories(29 % and 
24% of 4,648 acres), but with the largest industrial category (15.7%) of any of the \vatersheds 
examined. Phillippi Creek, however, contained 54% of its 35,800 acres as open 1and, with 
another 30% as single family medium density residential. 

Quantitative Present-Day Point Source Loadings 

Point sources within the priority watersheds were represented in the loadings calculations 
described above. A list of permitted domestic and industrial point source discharges within 
Florida was obtained from FDEP's website. This information was obtained twice during the 
project in order to obtain the most current information. The first retrieval was on November 2, 
1997 for the Hudson Bayou evaluation, and a second download was conducted on July 13,1999 
for the remainder of the basins. Included with the facility name and permit number is the discharge 
location, design treatment capacity, status, method of disposal and type of treatment. In addition, 
the address of the facility and the name of the individual responsible for the facility is included. 
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Figure 11. 
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Combined land use distribution used for modeling stormwater loadings 
of metals to Phillippi Creek. 
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The industrial and domestic waste discharge databases were combined and facilities in Sarasota 
or Manatee County were abstracted. Facilities which were inactive, or under construction were 
deleted and the remaining entries were plotted according to the reported latitude and longitude on 
a base map of the NEP study area in Arc View. Basin and sub-basin boundaries for Hudson, 
Bowless Creek, Cedar Hammock, Phillippi Creek, and Whitaker Bayou were added. Facilities, 
which plotted in close proximity, but not within the study boundaries, were individually, evaluated 
to ensure that errors in location were minimized. One such station (City of Sarasota discharge into 
Whitaker Bayou at US 41) was retained although the City's discharge location is technically within 
the coastal drainage basin, which discharges directly to Sarasota Bay. 

There were no discharges located within the Bowlees Creek, or Cedar Hammock watersheds. 
There was one facility, which plotted within the Hudson Bayou watershed, but the mailing address 
for this facility (South Bay Utilities) is listed as South Tamiami Trail. The facility is known to be 
located outside of the Hudson Bayou watershed, and was deleted from furHler evaluation. There 
were 27 potential dischargers in Phillippi Creek and 4 in Whitaker Bayou. Included in this list 
were several permitted stormwater discharges (e.g. Sarasota County Area TransifFacility) and 
other discontinuous discharges for which no loading can be assigned. Stormwater loadings are 
implicitly included in the land-use specific EMC and the intermittent discharge facilities were 
removed from the database. 

The method of disposal was investigated next. Deep well injection facilities were removed from 
the database. For sites which practice reuse, ten percent of the total flow was assumed to reach 
the receiving waterbody. This value is consistent with earlier SBNEP estimates (CDM; 1991) and 
Tampa Bay NEP (Coastal Environmental, 1994) which applied load reduction rates of 90-95 %. 

In order to eliminate sites that were insignificant contributors, sub-basin stormwater loadings were 
modeled independent of point source loadings and compared to the estimated point source 
loadings. Design capacity, adjusted for reuse if necessary, was used for this screening and typical 
secondary treatment concentrations were assumed as described later in this section. Discharge 
facilities were retained for further evaluation if the annual point source loading was five percent 
or greater than the sub-basin stormwater loading. Facilities which were retained were contacted 
(Appendix F-l) in an effort to get current average flows and site-specific effluent metal 
concentrations. If provided, the current information was substituted for the design capacities and 
assumed concentrations. Appendix F-2 gives a listing of rejected and retained facility names and 
locations. 

Very few Florida domestic discharge permits require monitoring for heavy metals. In the absence 
of effluent-specific data, default concentration values were determined by taking the median metal 
concentration from several published secondary treatment effluents illustrated in Table 5. This 
resulted in copper, lead, and zinc effluent concentrations of 0.06, 0.03, and 0.23 mg/L 
respectively. 
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Table 5. Metal concentrations reported in secondary effluent. 

Copper Lead Zinc 
Location (mg/L) (mg/L) (mg/L) Source 

New York Region 0.105 0.190 0.185 1 
Various 0.040 0.008 0.040 2 
Hollister, CA 0.034 0.054 0.048 3 
Anderson, Indiana 0.396 0.040 0.375 4 
Buffalo, NY 0.053 0.025 0.704 4 
Dayton, OR 0.325 _.>-4 

Grand Rapids, MI 0.684 4 
Muddy Creek, OH 0.083 4 
Muncie, IN 0.167 0.345 4 
Pittsburgh, Penn. 0.056 0.023 0.227 4 
Wahiawa, Hawaii 0.020 0.015 0.073 4 

innipeg, Man 0.048 0.060 0.066 4 
Burlington, Ontario 0.084 0.016 0.552 4 

Median 0.056 0.033 0.227 

1) 'Technical Guidance Manual for Developing Total Maximum Daily Loads, 
Book 2, Part 1, Table A-7. USEPA. EPA-823-B-97-002. 1997. 

2) Irrigation with Reclaimed Municipal Wastewater, Table 13-1 Pettygrove, 
G. and T. Asano. Lewis Publishers. 1985. 
3) 'Irrigation with Reclaimed Municipal Wastewater, Table 3-12. Pettygrove, 
G. and T. Asano. Lewis Publishers. 1985. 
4) Water Quality Assessment: A Screening Procedure for Toxic and 
Conventional Pollutants in Surface and Ground- Table III-35. USEPA. 
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Because Sarasota County requires A WT, these typical secondary treatment values probably over
estimate the loadings for several of the facilities. A list of the retained facilities, and their modeled 
inputs is given in Table 6. 

Reported toxic releases are considered to be minimal based on the results of the TRIS inventory 
and were not included as they do not represent a continuing load to the priority watershed. 
Atmospheric deposition to the water surface of the conveyances within the basin was not quantified 
due to the comparatively small ratio of water to land surface. Atmospheric deposition to land 
surface was assumed to be captured in land use-specific EMC values. Groundwater contributions 
of toxic contaminants were also assumed to be minimal (McConnell and Brink, 1997). No 
adjustments for in-stream removals or removals by stormwater treatment systems were applied. 

The summations of annual point and non-point source loading estimates for copper, lead, and zinc 
are given in Appendix G-l through G-3. Results were normalized for area and ranked from highest 
generation rate (highest rank) to the lowest for each metal. The average of the individual metal 
rankings was computed as an overall indicator of potential heavy metal generation'ittributable to 
point and non-point source runoff. 

Final Basin Ranking 

Rankings of subbasins based on the categories of potential historical, present day, multi-sector, 
and modeled point and non-point sources of contaminants (Appendices A-2, B-2 through B-5, C-7 
through 10, and G-l through G-3) were computed based on density of industries per subbasin. 
Overall combined ranks were computed as the mean of the category rankings, again with the 
highest rank indicating the most likely contamination potentiaL For simplicity, subbasins were 
assigned a 'Final Basin Rank', an integer value indicating the likelihood of contamination. The 
final basin ranks were used to identify sampled sites, 
are presented in Appendix H -1 through H -3. 

Existing Information on Sediment Contaminants 

In addition to the analyses performed on sediments from the estuarine portions of the priority 
watersheds in 1991 (Lowery et ai., 1993; Dixon, 1992), more recent analyses were also available 
from Hudson Bayou and Phillippi Creek. Hudson Bayou sediment data were available from a 
number of stations, both in the Bayou and within the watershed, while additional data for Phillippi 
Creek were limited to two stations. For Hudson Bayou, sediment analyses were required in 
advance of a pennit for dredging the upper portion of the navigable Bayou, between the Osprey 
Avenue bridge and U. S. 41. Sediment toxicity characteristic leaching procedure (TCLP) analyses 
were performed on a composite of three shallow cores by the Center for Applied Engineering 
(Atlanta Testing and Engineering, 1996), to mimic the quality of decant water that might be 
expected from upland disposal. 
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Table 6. Site specific effluent characteristics modeled. 

Basin 
Phillippi Creek 
Whitaker Bayou 
Phillippi Creek 
Phillippi Creek 
Phillippi Creek 

Flow Copper Lead 
Site (mgd) (mg/L) (mg/L) 

Bee Ridge WRF 0.59 0.0010 0.0005 
City of Sarasota WWTF (1) 4.00 0.0040 0.0025 
South Gate WWTF 1.20 0.0015 0.0028 
Dolomite Utilities Tri Par WWTP (2) 0.25 0.0050 0.0005 
Kensington Park - TOTAL (3) 0.39 

1) Only discharged portion shown. 
2) Copper and Lead concentrations are 0.5 MDL. 
3) Sum of 'Kensington Park - 27th St Plant (0.085 mgd) and Monica Pkwy (0.304 mgd) 

~ 

Zinc 
(mg/L) 

0.0329 
0.0300 
0.0074 
0.0750 



While no parameter exceeded upper regulatory limits for dredging purposes, lead was one of the 
few parameters detected in the analyses, indicating that sediments would still have measurable 
concentrations. More recent water column samples (May 1998) collected Ardaman and 
Associates, Inc. and analyzed by Environmental Quality Laboratory (EQL~ June 17, 1998) from 
Hudson Bayou~ Phillippi Creek, and the Myakahatchee Creek reveal that waters of Hudson Bayou, 
despite being heavily tidally influenced, have the highest lead concentrations of any of the three 
systems examined. 

Other sampling in Hudson Bayou and Phillippi Creek has been conducted as part of an EPA 
NPDES MS4 permit held by Sarasota County pennitees (EPA, 1997). With an effective date of 
December 31, 1996, the monitoring plan contained three activities pertinent to this project. 
Sediment sampling for selected trace metals is conducted annually at two stations in Hudson 
Bayou, the Orange Avenue and Osprey Avenue bridges, and two stations in Phillippi Creek, the 
Bahia Vista Bridge, and Coburn Road, east ofl-75. Results are available for December 1997 and 
are included in tables of results from this project. Additionally, a one-time sampling was 
conducted in Hudson Bayou in May 1998, analyzing 12 cores collected from the mouth of the 
Bayou to the headwaters of the basin. Several of the 12 stations were located within the recently 
dredged portion of the Bayou, and many were collected from tidally influenced waters. As a result 
of the contaminated areas defined by this project, more recent sediment sampling efforts have been 
conducted by Sarasota County in the Hudson Bayou watershed, but these results are not yet 
available for inclusion here. 

Sediment analyses for the NPDES monitoring and the one-time sampling of Hudson Bayou 
sediments were performed by Environmental Quality Laboratory (EQL, June 15, 1998) by SW-
846 3050 and 6020 methods (EPA, 1996). This method, while a strong acid digestion, is not 
considered a total digestion. Metal: aluminum ratios used to determine sediment enrichment were 
developed using total digestion procedures. Comparing less than total digestion analyses to 
pristine values developed with total digestion procedures may underestimate the degree of 
contamination present. 

Additional Fieldwork and Analyses 

Ranking of subbasins by a combination of the approaches detailed above was used to design a 
sampling program to confirm the relative contributions of contaminants and to answer specific 
questions regarding the various subbasins. Since there were generally more subbasins than 
analyses planned, samples were preferentially collected from the downstream end of the highest 
ranked subbasins. By budgetary constraints, sampling within Hudson Bayou was limited to five 
stations within the watershed. The subsequent four basins eliminated the development of historical 
rankings in order to sample 7 sites per basin, on average. (Cedar Hammock, with the contributing 
portion being relatively small, was limited to 4 subbasins sampled, while 10 subbasins were 
sampled within the Phillippi Creek watershed.) 

Sediments were analyzed since the toxic organic compounds of interest are hydrophobic and both 
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organics and metals preferentially accumulate in the solid phase. Sediments were analyzed for the 
selected metals (copper, lead, and zinc), for pesticides, and for PAH (Table 7). Methodologies 
for metals included a total acid digestion (FDER, 1986), duplicating those described in Lowrey 
et al. (1993) to allow comparison with previous data and to allow an evaluation of metallic 
enrichment against aluminum concentration (Schropp and Windom, 1988). Existing metals data 
that may have been generated by less rigorous digestion methods may represent an underestimate 
of total metals present. Existing sediment data were reviewed prior to sampling site selection 
(Lowrey et al., 1993, and more recent infonnation from Phillippi Creek and Hudson Bayou). 
Sampling and analysis was conducted under Mote Marine Laboratory's FDEP- approved 
Comprehensive Quality Assurance Plan (FDEP #870216G), with subcontracted analyses for 
pesticides and PAR performed under similar plans (Savannah Laboratories, FDEP #890142G). 

The anthropogenic enrichment of sediment metals has also been computed as the ratio of sample 
concentration to the concentration of the upper 95 percentile confidence interval that could be 
expected from 'clean' areas unaffected by anthropogenic activities. The confidence intervals have 
been developed from the linear relationship of sediment metal to aluminum contenf in sediments 
considered pristine (Schropp and Windom, 1988). Enrichment ratios of 1.00 represent the 
maximum that can reasonably be expected in uncontaminated sediments, while sediments with 
values greater than 1.00 can be considered significantly impacted. 

Where possible, sediments were preferentially collected from within the subbasins above typical 
tidal influences, rather than from the receiving waters. Station selection within subbasins would 
allow identification of subbasins, or groups of subbasins, contributing contaminants, and could 
also eliminate large areas from consideration. If contaminant sources or residual contaminants 
from historical practices were still present in the watershed, then sediments within subbasins were 
expected to be either enriched (for metals) or to exceed levels for predicted biological effects. 
Identifying contamination in the main stem of the tidally influenced tributary would be difficult 
to assign to specific subbasins, and due to reversing tidal flows, could not definitively eliminate 
areas from consideration. In addition, any dredging to navigable waters that may have occurred 
as well as continuing boat traffic, may have disturbed the more recent layers of sediments, leading 
to a potential comparison between widely varying time periods if dredged areas are compared with 
undredged regions. 

The role of analytical values in the project was to confirm the existence or absence of 
contamination in subbasins. Since sediment concentrations and degree of anthropogenic 
enrichment is a function of distance from source, as well as of contaminant load, sediment 
concentrations cannot be used quantitatively to compare the total loadings between subbasins or 
groups of subbasins. 
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Table 7. Methodologies and average detection limits for sediment analyses, 
Pesticides and P AH in ug/kg dry weight, metals in ug/ g dry weight. 

Parameter Method Detection Limit 
Metals 

Digf>:st :FD ,,1986 
ronnpr 

"rJ:" 0.5 
,-_ ..... 

Lead 239.2 0.1 
Zinc 289.1 2 

1 . ~ 1m rr 

Chlorina ted Pesticides SW-846, 8081 Various, dependent on 
sample % moisture ;; 

Aldrin 1.7 lo,p'DDD i 3.3 
lalp 1.7 lO,P DDE ! 3.3 
beta-BHC 1.7 !O,P DDT [ 3.3 
delta-BHC 1.7 !P,P DDD 3.3 

1.7 iP,p DDE 3.3 
Chlordane ip,p DDT ; 3.3 
Dieldrin iTllX .1.. 170 .. 
Endosulfan I 1.7 OclOIS 1016 j 33 

1.7 
; 

,UdUl~ 1260 I 67 , Endosulfan II 
Endosulfan sulfate 3,3 iAI~':~~.:S 1221 ! 33 

" ..... ,,----

. __ .... _-_.-

~""" __ ",_"""",-.,,-~ __ ·.w ... ~ .. ,_ .. ,~~,,, •••... __ ........... ...-

Endrin 3.3 .UdUl:S 1232 33 
Endrin -l ·1.tyde 3.3 Aroclors 1242 33 

Arudu.l':) 33 
Aruduus .254 :3 

17 

Polynuclear Aromatic SW846, 8310 Various, dependent on 
Hydrocarbons sample % moisture 

Acenaphthene ! 50 I Dibenzo(a,h)anthracene ! 10 
. ,,,, .......... -.. ----... ,, .... _-.. _ ......... _ .. _ .......... --.... ,"-.-".-"--,.t-.,----.------.---_.--t"=---.---------.. ·· ... ·--.. -.. - .. · .. - .. ----·-·-·-.... -··--t·-·--~· .. ----.. ·-.. --

Acenaphthylene I 20 iFluoranthene ! 10 
------- .. ! ---'--'--'--. --'--'--'-
Anthracene 4! Fluorene I 10 
Benzo(a)anthrac~ne -----;- 4 ~Indeno(l ,2,3-cd)pyrene, ~--~~-10 
~~~~~.~~.e.i.i~~~._ ....... , .. ,=~~~=~'.~~~ .. ~ ... ~~[~ .. -~~~.:_.~ ___ .. ~ ___ ,_=~=.~.~.,.INapI:!?~-~~~ ........ "." ..... ~.=:.~=~-.="::·=.~ ...... J. .. ~::·: .. ~.~~ ... -~i2 
Benzo(b )f1uoranthene I 4 I Phenanthrene l 4 
Benzo(g,h,i)perylene i 10 jPyrene r---- 1 .. 2 
Benzo(k)fluoranthene I 4 i 1-Methylnaphthalene I 20 
Chrysene 1- 4 !2-1vlethylnaphthalene I ----i6 
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Station locations were further constrained by the character of the drainage system. In some 
regions, most of the stormwater system was below ground, typically in concrete pipe of varying 
diameters. Sediment accumulation in these conveyances is, by design, minimaL Any sediment 
accumulation within the storm sewers generally reflects only the most recent loads to a system, 
rather than an integration of loads over some longer time period. The small accumulations of 
sediments are not always accessible to sampling. Stations were selected, therefore, to reflect an 
integrated time period and to be traceable to specific subbasins or groups of subbasins. Where 
conveyances in basins were typically more exposed, the choice of sampling locations less 
constrained. 

IV. RESULTS AND DISCUSSION 

Chlorinated Pesticides 

For samples collected in 1998 and 1999, no chlorinated pesticides were found above instrumental 
". 

detection limits. This in contrast to the work in 1991, in which the pesticides betaBHC, lindane, 
heptachlor, heptachlor epoxide, aldrin, chlorpyrifos (Dursban), o,p' -DDE, p,p' -DDE, o,p' -DDD, 
p,p'-DDD, o,p'-DDT, dieldrin, and endrin were detected variously in Cedar Creek, Cedar 
Hammock Creek, Bowlees Creek, Whitaker Bayou, Marina Jacks, Island Park, Hudson Bayou, 
Matheny Creek, and Elligraw Bayou. In particular, p,p' -DDE, p,p' -DDD, Dieldrin, and possibly 
lindane were detected at levels exceeding the probable effects levels (PEL) in 1991. (Supporting 
data to determine PEL and TEL values are less numerous for pesticides and not all detected 
compounds have sediment quality guidelines assigned.) In the earlier data, Hudson Bayou and 
Cedar Hammock Creek had the most stations at which PEL values were exceeded, but one or 
more stations in all of the priority watersheds, with the exception of Phillippi Creek, recorded 
pesticide levels in excess of PEL values. It appears that, of the pesticides examined, there are no 
longer substantial sources in the watershed subbasins sampled. 

Hudson Bayou 

The overall ranking of Hudson Bayou subbasins for potential contamination is illustrated in Figure 
12 and since there were many more subbasins than analyses planned, higher ranked basins 
(Appendix H-1) were preferentially sampled where drainage conveyances allowed. The subbasins 
upstream of each sampling site were consolidated for data interpretation (Figure 13). 

The eastern portion of the watershed consisted of a northeastern and a southeastern region, the 
drainage from which converges on the campus of Sarasota High School. The station designated 
as HB-3 is above a weir control structure and represents the northeastern region, an area of 
generally low rankings for potential contaminants. 
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Figure 12. Combined ranks of the density of potential contaminant sources based on 
historical and present day industry presence, multi-sector industries and 
estimated metals loadings in stormwater, Hudson Bayou. 
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Figure 13. Consolidated subbasins and location of sediment samplings conducted in 
1991 and 1998, Hudson Bayou watershed. 
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The southwestern portion consists of a single subbasin (020601) on both the north and south banks 
of the Bayou, and contains the southern portion of U.S. 41 corridor, as welL The drainage is 
entirely in closed pipes, with mUltiple discharges directly into the tidal waters of the Bayou. This 
subbasin was not sampled. 

The downtown region is the most hydrologically complex, and is entirely in closed pipes. 
Apparent drainage is from North Washington Boulevard (U. S. 301, subbasin 020501), west along 
Fruitville Road, to collectors on Osprey Avenue. Lime Avenue runoff (subbasin 020203) is routed 
west along Ringling Boulevard, also joining with Osprey Avenue. Osprey and Orange Avenue 
drainage both discharge to a small north-south tributary to Hudson Bayou, located between the two 
Avenues. Discharges from subbasin 020104, with possible contributions from the central portion 
of the watershed (subbasin 020413) were represented in sediments sampled at HB-4. Discharges 
from the western side of the basin (primarily along Orange A venue) were sampled by sediments 
from HB-2. The remaining central section of the watershed drains to a small embayment located 
above a salinity control structure immediately to the east of Osprey A venue and on the north bank 
of the Bayou. Sediment samples were collected at this location (HB-1) to represefit activities in 
the entire group of central subbasins. An additional sample was collected farther upstream in the 
central group of subbasins (HB-5). Sediments from HB-1 include the subbasins represented by 
HB-5, as well as the additional influences of subbasins 020411,010412,020414, and 020413. 

Results of sediment analyses for metals within Hudson Bayou appear in Table 8 together with 
older data (Lowery et al., 1993) on sediments within the Bayou and calculated enrichment ratios. 
More recent sediment data analyzed by differing methods are also listed (EQL, February 2, 1998; 
EQL, June 15, 1998). Figure 14 summarizes enrichment ratios for stations sampled under this 
project and in 1991. 

For metals, all of the six new sediment samples collected under this project were enriched in lead 
and in zinc, while three of five stations were enriched in copper. Most notably, concentrations 
of lead at the outfall from the central region (HB-l) were 30-40 times greater than would be 
expected from uncontaminated sediments. (The highest lead enrichment values previously 
observed in the Bayou sediments were approximately 20 times higher than expected.) Zinc 
concentrations were 10 times expected levels at this location, and copper 2-3 times higher than 
would be found in uncontaminated sediments. Farther upstream in the same portion of the central 
watershed (HB-5), however, lead and zinc enrichments were only on the order of 4 times higher 
than expected, implying a substantial source between the two sampling locations. Other stations 
with substantially metal-enriched sediments were HB-2 and HB-5 for lead and for zinc. 

Since lead enrichment was higher than previously (1991) observed in sediments within the tidal 
portion of the Bayou, the lower central basin appears to be a dominant source of lead to Hudson 
Bayou. As sediment samples were from the top 2-5 cm of sediment and were selected to avoid 
dredged or disturbed areas, sediment data should be representative of recent accumulations. 
Contamination with lead is either ongoing, or of such a magnitude historically that even recent 
sediments are still substantially contaminated. 
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Table 8. Sediment metal concentrations from samples collected in 1998, 1997 and 1991, Hudson Bayou. Enrichment ratios 
computed as the ratio of sediment concentration to the upper 95lh percentile of the values of pristine sediments. 
Shaded values are from analyses using less rigorous digestion methods. 'T' indicates tidally influenced station. 
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Figure 14. Sediment metal concentrations from the Hudson Bayou watershed 
illustrated with the linear relationship (and 95 % confidence intervals) of 
metal to aluminum in pristine sediments. 
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The quantitative loadings from stormwater (Appendix G-l) were tabulated by region, with the 
central section divided into an upper and a lower portion (Table 9). In comparison with other 
stations and regional loadings, sediments at the outfall from the central region (HB-1) appear much 
more contaminated with lead and zinc than can be accounted for by either total pounds of metal 
contributed or as an average pounds per acre average loading rate. A point or non-point source 
that is atypical of the generalized land uses within the basin is implied. 

As Hudson Bayou sediments in 1991 displayed enrichment factors for copper and zinc slightly 
higher than observed in the 1998 sampling under this project, the central region may not be the 
largest source of either copper or zinc to the Bayou. Of the stations sampled in this project, 
however, the lower central region of the watershed does appear to be the dominant source of 
copper, lead, and zinc to Hudson Bayou, despite the fact that predicted loading rates for the three 
metals (in lbs/ac/yr) are highest for the southwestern and downtown regions (Table 9, above). 

Comparison of lead enrichment values from co-located stations (HB-1 and H-6) reveal similar 
orders of magnitude of contamination for sediments collected in 1998, despite differing digestion 
procedures. From this, one can assume that there is little clay in the sediments at this station and 
that both digestion techniques produce representative lead values. Accordingly, enrichment values 
from all sediment data and time periods were examined to identify contaminated areas more 
precisely than was possible using data from this project alone. 

For copper, sediments entering Hudson Bayou from the lower central basin (HB-l, H -6) appear 
to be the most contaminated (1998 data, enrichment factors of2-3). Sediments at the upper Bayou 
stations were comparably contaminated in 1991, but after dredging (H-7 and H-3), concentration 
levels in sediments appear reduced. Undredged sediments in the Bayou between the Orange and 
Osprey Avenue bridges (H-5) remain enriched by a factor of 2 or more. None of the remaining 
tributaries or upper watershed stations appears to have large levels of contamination for copper. 
This result is consistent with the predicted loading rates for copper (Table 9, above) in which 
regional values are quite comparable, ranging from 0.12 to 0.17 lh/ac/yr. 

Lead distributions support the discussion above, with the lower central basin apparently 
contributing the bulk of the lead in Hudson Bayou sediments. The range in enrichment values 
between replicate samples (33.3 and 46.6) at this station indicates that the sediments are non
homogeneous. The lead source could be intermittent, rather than a continuous discharge, or 
sediments contaminated upstream could be deposited only during storm events sufficient to 
transport large quantities of material. The sediment newly exposed at dredged stations (H-7 and 
H-3) is lower in concentration from that observed in 1991 (24A) , but undredged areas of the 
Bayou (downstream of the Osprey Avenue bridge) retain substantially enriched levels, with factors 
of nearly 30 times pristine levels. All sampled tributaries are contributing enriched sediments at 
some level, however, with an upper watershed station (H-10) also quite contaminated. Other than 
the mouth of the Bayou in 1991, and the upper northeastern portion of the watershed, no station 
could be considered pristine. Loading rates for lead (Table 9, above) are generally comparable 
between basins (0.14-0.18 Ib/ac/yr) and do not account for the range in sediment contamination. 
An unpennitted point source or unusual activity for the given land use is indicated. 
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Table 9. 

Region 

Northeastern 

Southeastern 

Southwestern 

Downtown 

Upper Central 

Lower Central 

SUM 

Predicted stormwater loadings for the major regions of the Hudson Bayou watershed. 

Copper Lead Zinc Region Area Percent of Watershed Loads 

(lb/yr) (lb/ac/yr (lb/yr) (lb/ac/yr (lb/yr) (lb/ac/yr (acres) Copper Lead Zinc Area 

65.43 0.13 73.681 0.14 335.501 0.66 510.7 27% 28% 24% 29% 
,,~---,-.... , .. , .... --~ ................. , r··· .. ···· .. ············· ...... '1"'" ............................ .. ~ ............. -" ..... -....... , .. , ... , .. · .... ··· ...... · .... • ...... i .. ··· ----,_ .. " ...• " .. .... " ... " ..... 

49.14 0.12 54.60 0.14 267.70 0.66 403.3 % 20% 19% 23% 
,-- - [. -.-.~ ........ , .......................... 

33.95 0.17 35.461 0.18 221.67 1.10 200.9 14% 13% 16% 11 % 
......... ~ ..... .... .. I .. ··f· .. ·"' .. ' .. • ........ " ....... _ ... ....... " ...... .. .... .......... , .. 

71.97 0.16 75.75[ 0.17 438.21 Q,99[ 443.5 i% 28% 31 % 25% 
1 .. _· .. · .. ·" ........ ! t .. , .... , .. f'''' , .... "" ...... · .. · .... 1 , .... ;" .................... . .... -. .. - , .. '''', .. 
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13.48 0.13 15. 10! 
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0.67\ 
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In comparing results from H -6 and HB-1, zinc contamination is also non-homogeneous at a single 
station. Of the non-tidal tributaries sampled, the lower central basin again has elevated enrichment 
ratios and appears to contribute much of the zinc contamination to the Bayou. Dredged regions 
are similarly lower in concentration than 1991 values, with undredged sediments downstream of 
the Osprey Avenue bridge remaining nearly 10 times higher in zinc than for pristine sediments. 
Sediments in the southeastern region (H-10 and H-9) were contaminated to a greater extent than 
those in the northeastern area (H-11, H-12, HB-3). Other than the lower central region, 
sediments downstream of the downtown region (HB-2) were the next most enriched. The 
downtown region was also one of the regions with the higher zinc loading rates (Table 9, above 
0.99 lb/ac/yr, compared to a range of 0.66 to 1.10 Ib/ac/yr for the remaining basins). 

Sediment metal concentrations also exceeded levels at which biological effects could be expected 
for many stations . Using a weight -of-evidence approach and a modification of the National Status 
and Trends Program, MacDonald (1994) prepared sediment quality assessment guidelines for 
Florida coastal sediments. Threshold effects level (TEL), and a probable effects levels (PEL) 
were identified for a number of compounds, including metals, pesticides, and PAfl. Sediment 
metal concentrations exceeding either one or both of these thresholds are noted in Table 8, above. 
During the most recent sampling under this project, lead concentrations were three to five times 
higher than the probable effects level for the station draining the central subbasins (HB-l). 
Probable effects could also be expected due to the zinc concentrations for some sediments from 
this station. Fewer stations are contaminated with copper, but HB-1 again has levels that are 
above the TEL concentrations. Several other basins exceeded the TEL values for copper, lead, 
and zinc. Sediments collected in the tidal waters of the Bayou in the past have also been 
contaminated enough with lead and zinc to expect biological effects. 

Data for P AH compounds in sediments collected in 1998 appear in Table 10. As P AH compounds 
preferentially adsorb to organic matter in sediments, data are also presented as normalized to the 
organic content of the samples for comparison between stations (ug PAR/kg organic matter). 
Similar to metals distributions, sediments atHB-l exhibited a wide range inconcentrationofPAH, 
clearly reflecting intermittent rather than continuous discharges. Sediments from the upper central 
basins (HB-5) also have substantial quantities of P AH and so the lower central basins do not 
appear to be the only or even the dominant source of PAR to Hudson Bayou. In 1998, the 
sediments downstream of the downtown region (HB-2) were the most elevated in PAH for the 
organic matter present. The northeastern region (HB-3) appears to have the lowest PAR 
contamination. P AH data from 1991 similarly indicate a series of intermittent contamination 
events as replicate samples are highly variable in this data set as well. In addition, in 1991 the 
highest total P AH per organic matter exceeded 510,000 ug/kg in sediments within the tidal Bayou 
(24-A) which would further indicate a substantial, but intermittent source, that is relatively close 
to the tidal waters. 
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Table 10. Polynuclear aromatic hydrocarbons (PAH) in the sediments of the Hudson Bayou watershed. Averages and 
sums computed only if analytical values were greater than the method detection limit. 

COlllPOIUld 

lug/kg dry WI) 

Acenapllllll:ne 

Aceoaphlhylene 

Anlhraccne 

Iknzo(a)anlhracene 

Iknzo{a)pyrene 

Benzo(b)tluoranlr.ene 

Benzo(g.h,i)perylene 

Iknzo{k)lluoran!hcne 

Chrysene 

Dibi:nzo(a.h)alllhracene 

Fluorallihene 

Fluorene 

lndeno(l,2.3<d)pyrene 

Naphlh.Jcme 

Phenanthrene 

Pyrene 

I-Melhylnaphthalene 

2-Melhylnaphlhalene 

Sum o( detectable PAH 

Cumpound 

1'~rcclIl Orgalllcs 

(ug/k~~ry wi o( ()r~~icsl 

Acenaphlhene 

Accnapluhylene 

Anthracene 

Senro{a)aIllhracenc 

IlClllA.l( a)pyn:ne 

Iknw(b)!luoranlhc:ne 

Iknzo(g.h. i)perylene 

Benzo(Ic)f1uoranlhene 

Chryscnc 

Dibenzu(a,h)anlhracelle 

Fluoranlh(.nc 

Fluorene 

Indcno{ 1.2.3-i:d)pyrene 

Naphthalene 

Phenamhrellc 

Pyrenc 

I·Mclhylnapluhalellt: 

2·MelhyhI31·hlhalene 

Sum of dcuxlablc PAl! 

118-1 I UB-IR I U8·1 

< 190 < 1600 <270 

<17 <640 < 110 

160 X 3.400 X X 

r----.. ~.~ ... --~r----""l 
180 ---.---%--t---.;. ...... -~-~--J 

----.--.-"...-...;--~----"" 
460 

<38 <320 

120 2.500 

<77 <640 <tlO 

. -~~~:::I 4.;: L~=3~~~J 
<77 <640 < 110 

=~!.20 ~I 2.300 xl 380 xl 
2,130 13s,9(j) r'''-5~'610--l 

lIB-) 

<63 

<2S 

<S.I 

<5.1 

8.4 

14 

<13 

.n 
9.6 

<13 

21 

<\3 

<13 

<25 

<5.1 

<0 
<25 

<25 

59 

r UH-4 JIlS-S 

< 110 <290 

<42 < 110 

160 430 

170 330 X 

69 190 X ,· .. -··----··· .... ·-r··-.. -··--··-·-· 
I 140 , 400 . 

t:===~C~~ I ISO I 
X 290 L._.....?~_ .. _._. 

<21 <57 

100 230 

<42 <110 

F~~~~=~E~~~~=· 
<42 < 110 

L~:.=:!~ __ .. I 290 x 

1,S6) 

Above TEL [:::=:J '" Above: PEL 
• Dilu~ (or analysis X . Minimal pl'I!Cision btwn columns 

liB-I !UB.IR I 118-2 IIB-l I lIR-4 I IIB-5 

11.5 24.S LJ 0.3 0.9 5.1 

814 

809 6,531 22.308 9,111 5,098 

1.217 10.612 29.231 2.800 12,222 8,039 

2,174 18.367 44,61S 4.667 17,778 8,431 

1.39} 13.878 41,538 18.889 6.471 

851 7.347 19,231 1.900 7,667 3.725 

I,S65 10.612 37,692 3,2/X) I:US6 7,843 

835 8,.511 22,308 6.889 2.941 

4.(0) 28,980 &4,615 7.(0) 32,222 IlI,nS 

1,043 10,204 26,IS4 1I.11t 4,510 \\ 

722 2.857 25.385 10,778 7,843 

2,870 19.184 .53,846 22,222 11.765 

t.04} 9')811 Z'J,l31 9.222 5,6116 

18,522 146,531 436,154 19,567 173.661 91.412 

Average 

o 
() 

8 

296 
456 

712 

S64 

293 

486 

no 
1.224 

o 
396 

o 
244 

S03 

o 
393 

8,331 

Average 

0 

0 

165 

8,037 

11.641 

11.152 

14,906 

7.324 

14,076 

7,368 

31,713 

0 

9,4SO 

0 

9,159 

19.772 

0 

9,871 

160,6M 

TEl, I PEL 

6.71 

iS7 
46.9 

74.8 

88.8 

108 

6.22 

600" 

212 

]4.6 

86.7 

153 

20.1 

1.684 

88.9 

128 

245 

693 

163 

846 
135 

3600--

144 

391 

544 

1398 

201 

16,770 



During both time periods, fluoranthene and pyrene were the compounds present in the highest 
concentration (normalized for organics). The presence of methylated compounds (1- and 
2-methylnaphthalene) and ratios of methylated to non-methylated species in the 1998 data indicate 
contamination with high molecular weight petroleum products in addition to the typical suite of 
heavier compounds indicative of urban stormwater runoff. Similar to the metals, the bulk 
sediment concentrations of selected and total P AH also exceeded probable biological effects 
concentrations for a number of compounds. The sediments at HB-l were particularly 
contaminated, exceeding PEL concentrations for nine of the 19 compounds. Station HB-2 
exceeded PEL values for two compounds, while Station HB-5 exceeded PEL values for one 
compound. No other station exceed any PEL value. All stations exceeded the TEL values for at 
least seven compounds or categories. 

Cedar Hammock Creek 

The Cedar Hammock Creek watershed was one of the smaller watersheds, and subbasins were not 
as numerous as for the other priority watersheds. The entire watershed was delinfated into eight 
individual basins, of which only three and a portion of a fourth typically drain to Sarasota Bay. 
Much of the land use is residential (54% MFRlHDR, 9% SFMD). with corridors of commercial 
activity (21 % OTHER) along Cortez Road and U.S. Highway 41. For the portion draining to 
Sarasota Bay, drainage is typically in swales and smaller subsurface conveyances through 
residential and commercial areas which contribute to flows in large trapezoidal or rectangular 
drainage ditches. Banks are armored with rip-rap and/or cement in many locations and the most 
downstream portion has recently been refurbished with sheet pile walls and rip-rap. Recreational 
boating is evident in the seawalled potion and small boat basin near Sarasota Bay. A series of 
lakes within Basin CHWl-2 form the high point from which flows distribute to both to Sarasota 
Bay and to Palma Sola Bay. The main drainageway to Palma Sola Bay is a large trapezoidal, and 
mostly armored ditch. The lower portion is seawalled and discharges to a community marina off 
of Palma Sola Bay. From just north of 53 rd Avenue, however, drainage in the eastern portion 
(CHEl-2 and CHEl-l) is northward and is routed below U.S. 41 and commercial interests, 
emerging north of Desoto Mall for eventual discharge to Wares Creek and the Manatee River. 

The results of rankings based on densities of present-day potential sources, multisector industries, 
and modeled stormwater and point-source loadings appear in Appendix H-2 with overall basin 
rankings illustrated in Figure 15. Both the lowest (CHW2-2, CHW2-1) and highest (CHEl-1) 
ranked basins do not drain to Sarasota Bay. The four areas sampled were at the downstream ends 
of the remaining four basins (Figure 16, CHWl-l, CHSl-2, CHSl-l, and CHWl-2) with stations 
numbered in order of increasing contamination potential Station CH-l was located to the southeast 
of the intersection of 53rd Ave West and 20th St. West. CH-2 was at Florida Blvd, CH-3 was at 
Bayshore Gardens Parkway, and CH-4 was on 26th St. West, north of 53rd Ave. West. 
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Figure 15. 
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Combined ranks of the density of potential contaminant sources based on 
present day industry presence, multi-sector industries and estimated 
metals loadings in stormwater, Cedar Hammock Creek. 
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Figure 16. Consolidated subbasins and location of sediment samplings conducted in 
1991 and 1999, Cedar Hammock Creek watershed. 
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Results for the Cedar Hammock Creek watershed metals analyses appear in Table 11 and Figure 
17. Both lead and zinc were enriched, all except the most downstream (CH -2). In particular, CH-
4 lead levels were 13 times higher than would be expected. The lead enrichment at this station 
is inconsistent with the modeled lead loadings (Appendix G-2) as subbasin CHWI-2 is the lowest 
(0.11Ib/ac/yr) of the four basins (0.11 - 0.14 lb/ac/yr range). In general, there appears no 
correspondence between degree of sediment metal enrichment and modeled loadings for lead and 
zinc at these stations. Indeed, the only station not enriched for zinc was the site (Florida Blvd, 
CH-2) with the highest predicted zinc loading (CHSl-2, 0.82Ib/ac/yr). Copper was only enriched 
at CH-1, and then only slightly. No metals were enriched at station CH-2, where Florida Blvd 
crosses the drainageway, which may be the result of the recent drainage improvements at the site 
and the exposure of uncontaminated sediments. 

Combining the 1999 and 1991 samples, stations 17-2 and CH-3 were co-located at Bayshore 
Gardens Parkway. Levels of enrichment were comparable, with ratios between 3 to 9 for lead and 
zinc during both time periods and only slightly more copper in 1991 than in 1999. As a general 
pattern, zinc appeared more enriched in the upper watershed (at and above Bayshore Gardens 
Parkway), as did lead (at and above the boat basin, Station 17-A, and particularly above 26th St 
West). Enriched copper sediments, on the other hand, were concentrated near the boat basin 
(Station 17-A). 

In contrast to the 1991 data, relatively few biological impacts can be expected when the criteria 
for Florida coastal sediments are applied (MacDonald, 1994). Lead at both stations CH-l and 
CH-4 exceeded the TEL criteria of 21 ug/g, above which biological effects are possible. No 
samples from 1999 exceeded probable effect levels (PEL) for lead of 160 ug/g. Many samples 
exceeded TEL levels in 1991, and the site downstream of the boat basin (Site A) exceeded the PEL 
for both lead and copper. 

The lack of sediment concentrations which exceed biologically based criteria is due, in part, to the 
hydrological character of the sampled drainageways in comparison to the wider and deeper 
portions of the Creek downstream. Aluminum values can be compared to illustrate that the 
sediments downstream (sampled in 1991) have much more clay (higher aluminum) Since the 
biological criteria are based on bulk concentrations rather than any normalized value, exceedances 
will be more likely wherever fmer particles tend to settle out, even if all enrichment values are 
comparable. Enrichment values, however, account for differing grain size to a large extent and 
are more useful for depicting watershed processes. 

For sediment PAR concentrations (Table 12), stations in Cedar Hammock were among the 
highest overall, with the total PAH of all stations averaging over 400,000 ug/kg of organic matter. 
Station CH-3 (CRS1-1) was especially contaminated, with total PAH exceeding 500,000 ug/kg 
of organic matter. The least concentration was observed at the most downstream station (CH-2, 
Florida Blvd.), but even here, chrysene and dibenzo(a,h) anthracene exceeded TEL levels for 
possible biological impacts. Of the remaining three stations, six to nine compounds exceeded the 
level at which biological impacts would likely occur (PEL), with additional compounds exceeding 
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Table 11. Sediment metal concentrations from samples collected in 1998, 1997, and 1991, Cedar Hammock Creek. 
Enrichment ratios computed as the ratio of sediment concentration to the upper 95th percentile of the values 
of pristine sediments. Shaded values are from analyses using less rigorous digestion methods. 'T' indicates 
tidally influenced station. 

Station 

CH·l 
CIl-2 

CH·3 
CH4 

Aluminum I Copper Lead Zinc Enrichment Ratio 

Date I Tidal I Description I ug/g dry wli ug/g dry wei ug/g dry wtf ug/g dry wtl Copper Zinc Mean 

5.8 4.4 
1.1 0.7 
5.6 4.3 
5.9 6.5 

i ~ t" ..... - .... -------.;~ ,<,<, f 
1999! 53rd Ave and 20lh 51 W 2.9701 J4.51 36.0: 86 1.31 6.2' 
19991' T Florida Blvd 1,450' 1.6r~·-------Ti1 10 O:2! 09; 
imf" Bayshore Gardens Pkway 1.l00· 6.41 18.d .. "'41 o."9!""" 6:4; 
1999i 26ih Sl W 880 4.2r---------j"rjl 37 "0.71 13.01 

...... 1'''., , t-------------1''' "'r ....... .. ... , 
17-11 .. ,J!)?,l i. T ,55th ~.. ~?~[ 10,31 1.!.4J 42 1.71 4.91 6.9 4.5 

1991; T 55thAveW 779l 9.4: 9.21 21 1.61 4.1: 4.7 3.5 

!1·2 ~99lr T nayshor~Gardens Pkway 2.$80 ---------~~~~r::::::::{~~~~ 62 1.6! 8.11 4,6 5.0 
.. ___ .}.()<!!L_.!~_. Ba~~~:~~~.r~~~.!~w~,~ ... ':". 2.44~: 26.2: 32.0: .. ,. __ .,~ ..... ~2_ .. ~:~l 6~!___ 3.6 4.~ 

-~.~l---'!... Dll5t~m o~~!!,"~~~~ I. _. __ ._~~.':~~ 141.01 131.0 ~~~ _____ ,"..2~ __ , __ ,,~~?1_. __ .... _~:3L 1.5 3.9 
1991( T Dnstrm of boat basin 23.6001 160.01 131.0 250. 5.3 1

f 
5.0: 3.8 4.7 

i99I\ T Dnstrmofboat basin i 30.200 160.0 121.0 ----------j3(j .. 4.71 4.0! 1.1 3.5 

.. · .. ·l99iT T Dll5trm"~f'~at"basin !' 31';900 166.0 131.0 ---------i06 4~7r··· .i.oT 2.5 3,7 

--. i:~ ~ ~~~~~~ ~fiHi~~~Fl=:-.. ~~~t---------~~~~+--------1;~~-==~~-~-~ =~~:fr==~:T~~r .. :~··: .. ~+~ .. ~~ .~~~ .. ~--.-... 
--·· .. -.:..--:::.1 ~·---1991 '-f Near Ma-rk:-er-,C .. '·"' ......... .......... r ·· .. ·-if900r-------i4~6t--------25~8---~·-'60 --O~~--·- .... 1 .. :o1 .. ..-0~9 

1991 T Near Marker if--.. -·-·-.. r .. -·--·18.200r-------i9:4r----·--"jO~6-i ---6'2 --I:lr·--l.4r-~·iil--.. '-.. -.... c .. -' 

,.---~--------.., : := Above TEL ........... _-_ .. _--... -"'" i!:=="""""....,y" = Above PEL 
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intervals) of metal to aluminum in pristine sediments. 
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Table 12. Polynuclear aromatic hydrocarbons (P AH) in the sediments of the Cedar 
Hammock Creek watershed. Averages and sums computed only if analytical 
values were greater than the method detection limit. 

Compound 
Percent Organics 

(u~!!<& .. ~.~ .. !9_ 
Acenaphthene 
Acenaphthylene 
Anthracene 

Benzo( a)anthracene 

Benzo(a)pyrene 

Benzo(b )fluoranthene 
Benzo(g ,h, i)perytene 
Benzo(k)fluoranthene 

Chrysene 

Dibenzo(a,h)anthracene 

Fluoranthene 

Fluorene 
Indeno( 1 ,2.3-cd)pyrene 
Naphthalene 

Phenanthrene 

Pyrene 

I-Methylnaphthalene 

2-Methylnaphthalene 

Sum of detectable PAH 

Compound 
Percent Organics 

(~~~g dry wt of c:r_~E.~~.~L ____ 
Acenaphthene 
Acenaphthylene 
Anthracene 
Benzo( a)anthracene 
Benzo(a)pyrene 

Benzo{b )fluoranthene 
Benzo(g,h,i)perylene 

Benzo(k)fl uoranthene 
Chrysene 
Dibenzo(a ,h )amhracene 
Fluoranthene 
Fluorene 
Indeno(l,2,3-cd)pyrene 
Naphthalene 

Phenanthrene 
Pyrene 
1 ,Methyl naphthalene 

2-Methylnaphthalene 

Sum of detectable P AH 

CH·1 
4.2 

<68 
<27 

I 

33 X 
------·-----670-;F42i 

920 *F421 

1500 *F42 
1500 *F42 

CH-2 
0.8 

<61 
<24 

<4.9 

40 
87 

140 
200 x 

I CH-3 CH-4 
2.8 2.7 

<79 <660 
<32 <260 

43 r--~---·------8-f·-~·x 

II 710 *F42 980 

II 970 *F42 1000 

1500 *F42 1800 
1600 *F42 1400 X 

600 *F42 59 660 *F42 740 
1000 *F42JI -M······----i-io--------�I 1400 *F42 1500 

1200 *F42~ ~:~~~~~~~~~~~3~~~~~~~~11 880 *F421 600 X 
2500 *F42! 230 Xi 2700 *F42 3800 ------------.----------. ...-----------------------ll===========t 
< 14 
900 *F42 

<27 
"" ............. - .. _ ............. _-_ .......... _-

530 *F42 

1500 *F4211 

170 

490 XII 

< 12 < 16 < 130 
99 960 *F42 1000 . ~t'" 

<24 

49 

140 

<24 

<24 

II 

II 

<32 

690 *F42 

1600 *F42 

320 

SlO X 

<260 

890 

2300 

<260 

760 X 

-______ 0_----------_._--, 
13,513 i 1.202 16,853 

f-----------------, L ______ ._ .. ___ .J = Above TEL Above PEL 

Average 

o 
o 

40 

600 

744 

1.235 
1.175 

515 

1,003 

682 

2,308 

o 
740 

o 
540 

1,385 

123 

440 

o 
11,528 

F42 - Diluted for analysis X - Minimal precision btwn columns 

CU·I I CH-2 I CU-3 I CH·4 Average 

4.2 0.8 2.8 2.7 

0 
0 

786 1,536 3,074 1.349 

15,952 5,000 25.357 36,296 20.651 
21,905 10,875 34.643 37,037 26.115 

35.714 17,500 53.571 66.667 43.363 

35.714 25,000 57,143 51,852 42,427 

14,286 7.375 23,571 27,407 18,160 

23,810 13,750 50,000 55.556 35,779 

28,571 6,000 31,429 22.222 22.056 

59.524 28,750 96,429 140,741 81,361 
0 

21,429 12,375 34,286 37.037 26,282 
0 

12.619 6,125 24,643 32,963 19,087 

35.714 17,500 57,143 85.185 48.886 

4,048 11,429 3.869 

11,667 18.214 28,148 14,507 

321.738 150,250 519.393 624.185 403,892 
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the TEL values. Fluoranthene, followed by pyrene, benzo(b)fluoranthene, and 
benzo(g,h,i)perylene were the compounds in highest abundance. Similar to Hudson Bayou, the 
presence of methylated and heavier molecular weight compounds indicates a mixed source of both 
petroleum and combustion products. P AH data from 1991 and from sediments in the tidal 
portions of the Creek ranged from 3,200 to 156,000 ug/kg of organic matter. As these data were 
lower than the 1999 values, implied is that sources originate within the watershed rather than from 
acti vities at the mouth of the Creek. 

Bowlees Creek 

The Bowlees Creek watershed was divided into 11 subbasins, with the downstream end 
terminating at U.S. 41. Drainage occurs from residential areas, a large portion of the Sarasota 
Bradenton Airport, and from multiple commercial interests bordering U. S. 41 and Highway 301. 
Commercial interests total about 23 % of the 'Natershed with another 12 % in industrial 
classification. High density residential (MFRJHDR) is the largest category (38 %) followed by 
open lands (24 % ). Most of the major drainageways are in surface ditches of varYing sizes, both 
with and without armoring. The tidal portions of the Creek are generally seawalled, with 
recreational boating evident in the lower portions. Several marinas operate near and downstream 
of U.S. 41. 

The results of rankings based on densities of present-day potential sources, multisector industries, 
and modeled stormwater loadings appear in Appendix H-2 with overall basin rankings illustrated 
in Figure 18. The areas sampled were at the downstream ends of subbasins OND1-5, LPDI-L 
APD 1-1, LPD 1-2, APDl-2, OND 1-2, and OND 1-4, with stations numbered in order of increasing 
contamination potential. Since again there were more basins than scheduled analyses, some 
sample sites represent a combination of basins. Figure 19 illustrates the basins that were 
effectively consolidated and the station locations. 

The results of metals analyses from samples collected both in 1991 and 1999 appear in Table 13 
and Figure 20. Again, only one of the recent samples was enriched for copper, at BC-2. 
Previous copper enrichment was minimal as well and was limited to an area upstream of U. S. 41, 
Station 18-A. More stations were enriched with respect to lead and zinc (4 of7 and 6 of7 station, 
respectively, for 1999 data) with lead 3 and 4 times pristine levels at Stations BC-4 and BC-2. In 
1999, maximum zinc enrichment was limited to about twice that expected in pristine sediments. 

Stations 18-2 (1991) and BC-7 were in the same general vicinity and enrichment ratios were very 
similar for all metals, indicating that enrichment values can be relatively stable over time periods. 
The variation in enrichment observed at Station 18-A for all three metals also indicates that metals 
loadings are very episodic at this location. Comparisons of sediment enrichment to predicted 
loadings are again unusual. Although APD 1-2 had the highest predicted loadings (Appendix G-2) 
of any basin for copper, lead, and zinc, this station (BC-5) was one of two stations with no 
enriched sediments for copper and lead, and zinc enrichment ratio of only 1.6. Station BC-2, 
draining subbasin LPD1-1 was enriched for copper (1.6), lead (4.1), and zinc (2.3), but had 
predicted loading rates of only 60-70 % of the maximum loadings. 
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Figure 18_ Combined ranks of the density of potential contaminant sources based on 
present day industry presence, multi-sector industries and estimated 
metals loadings in stonnwater, Bowlees Creek. 
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Figure 19. 

18-1 .. 

Consolidated subbasins and location of sediment samplings conducted in 
1991 and 1999, Bowlees Creek watershed. 
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Table 13. Sediment metal concentrations from samples collected in 1998, 1997, and 1991 t Bowlees Creek. Enrichment ratios 
conlputed as the ratio of sediment concentration to the upper 95th percentile of the values of pristine sediments. 
Shaded values are from analyses using less rigorous digestion methods. 'T' indicates tidally influenced station. 

Station 

BC-l 
BC·2 
BC~3 
BC-4 
BC-S 

BC·6 
BC-7 

nC-7R 

Date Tidal Description 

1999; T U541 
1999r --- -. 57th Ave near 3rd St E 

Imr T Ma~ellan Dr near Golf Club 
19991 Magellan near 67lh Ave 
1999[' ..... Taiievast Rd-- ---..--.. "" 
im! Slrd Ave'near 18StCt E 
j~l -9~~.-$t¥ru;a·r W.~!·lfielli Ave 
1999.l_ 9th St E near .. \Vhilfield Ave 

i 

18-1 1991T-- TSaunders Rd nr17lh SI E 
18-1 1991 I" T SauOders Rd or 17th Sl E 

:::; .. }~}r·:·-· .. l-.. ·~~·:l-~i:~-1~:·~~:: ~~ ~ 

Aluminum I Copper Lead Zinc 

uglg dry wtl uglg dry wtl uglg dry wtl uglg dry wt 

6 
6 

17 
12 

Enrichment Ratio 

Zinc 

1.8 

2.3 

1.5 
1.8 
1.6 

0.8 
"2.2 

2.0 

l.l 
1.1 
2.1 

18-A .. · .. ··j .. 9CjiT .. ··.:r.. of US41 53.Ht HIS 

... _ .. _ ............... 1 .. 8-:-A .. ··~-:::-+~H·+= U~.~ or. U.S:'J... 3._ iSOL_ ........ ~!;9L==iHF~*r··--+---+--·, 
it~ ··--·--·---·-i-:il··:·-+· .. · .. --~~~'~'-~~i!~l---- ---- ·-i·~~~~-·-··---~~~+·-__ -__ l~~~i·-·········-· ······i~~·I ... -

j9..9.tL·~.t __ ·-~: _~~.~~.~~.~.~~_. ____ ._ .. ----~~;~~t:::~=~]~~~t::~::::~?~~t:::=::j~!~ .. -- .......... -:.: .... j .. -..... - .. . 

i·~·H· .. -+ .. -~H;~:~ .. 1: :~~ -------~~~~~t--------1~~~t--------~~:~+_---,----.. ·-j~~· -
''i8-n 
18-C 
18-C 

f-------------, = Above TEL 
-------------• .1 

lI=:="""""""""""H= Above PEL 

,,~ 

1.8 
:i:'2·" 
1.5 
2.0 

Mean 

1.4 

2.7 

0.8 
1.8 

1.0 
0.5 
1.4 

1.4 

0.8 
i.o 
1.8 
1.1 

3.7 

6.1 

2.2 
4.4 

1.9 

2.0 
1.4 
2.0 
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Viewing all sediment data for general patterns, copper enrichment appears restricted to the lower 
Creek, indicating an area of either precipitation and sediment accumulation, or of localized 
activities such as marina operations. Lead and zinc were also more enriched near the mouth of 
Bowlees Creek, but, like Cedar Hammock, had selected stations in the upper watershed that were 
enriched, particularly for lead. 

None of the sediments collected recently in Bowlees Creek exceeded the PEL values which would 
indicate biological impacts in coastal waters. Only one station, BC-2 (LPDl-l) exceeded TEL 
values for both copper and lead. In the 1991 data which was collected further downstream and 
in Sarasota Bay, many more samples exceeded TELs and copper exceeded PEL values at one 
station. The differing depositional environment and the accumulation of fines can again be 
observed in the aluminum data, as was described for Cedar Hammock Creek. 

Bowlees Creek bulk sediment P AH concentrations (Table 14) were approximately one fifth that 
observed in Cedar Hammock Creek and were the lowest of all the watersheds surveyed. As a 
result many fewer sites exceeded PEL or TEL levels for biological impacts. Statiehs BC-7, BC-
3, and BC-2 (downstream of subbasins OND1-4, APD1-1, LPD1-2, respectively) were the only 
sites to exceed PEL values, and typically for only two or less compounds. Three of the remaining 
four stations had values which exceeded TEL levels for one or more compounds, while Station 
BC-5 (APDl-2) had no exceedances. After normalizing to organic matter, Station BC-4 (subbasin 
LPDl-2) had the highest total PAR concentration within Bowlees Creek, exceeding 600,000 ,Ltg/kg 
but stations were still less contaminated overall then the Cedar Hammock Creek stations. Stations 
BC-3, BC-7, and BC-I (subbasins APD1-1, OND1-4, and OND1-5, respectively) also have 
relatively high PAR for the amount of observed organic matter. Fluoranthene, followed by 
pyrene, chrysene and benzo(b)fluoranthene were those compounds in highest abundance. 

PAR data from sediments at the mouth of Bowlees Creek (1991 data) ranged between 29,000 and 
181,000 ug/kg of organic matter. These data were closer in range to the 1999 data from the same 
watershed, implying that sources within the watershed are more evenly distributed, with the 
exception of station BC-4. 

Whitaker Bayou 

The Whitaker Bayou watershed was divided into 27 basins with the downstream end terminating 
to the west of U.S. 41. There are reports that flow can leave the watershed to the north, via the 
Pearce Canal, connecting eventually with the Manatee River, but that was not observed under the 
conditions sampled. Flows originate from just to the east of the Sarasota-Bradenton Airport, and 
several large lakes which act as wet detention areas. There are a variety of land uses, ranging 
from older residential areas along the Old Bradenton Road, to both new and old light industrial 
parks on both sides of U.S. 301. Residential land use totals 24% (SFMD) and 15% (MFRJHDR), 
with comparable areas (16%) of commercial (OTHER) and industrial. Approximately 30% of the 
watershed is classified as open lands. Most of the major drainage is in open ditches with 
subsurface systems in residential areas and individual commercial interests. 

54 



Vt 
Vt 

Table 14. Polynuclear aromatic hydrocarbons (PAR) in the sediments of the Bowlees Creek watershed. Averages and 
sums computed only if analytical values were greater than the method detection limit. 
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The results of overall rankings based on densities of present-day potential sources, multisector 
industries, and modeled stormwater loadings appear in Appendix H -2, and are illustrated in Figure 
21. The areas sampled were at the downstream ends of subbasins B6 and A4, WB7, D7, D5. D2, 
B3-4, and WB3 with stations ranked in order of increasing contamination potentiaL As a rule, the 
highest ranked basins were in the southeastern, central, and northwestern portions of the 
watershed. Figure 22 illustrates the stations sampled and consolidated basins that each station 
represents. A surface sheen was observed at a number of stations during sampling. 

Metals data and enrichment ratios for Whitaker Bayou in both 1991 and 1999 appear in Table 15 
and Figure 23. Overall, metals enrichment were higher in this watershed than in Cedar Hammock 
or Bowlees Creek. Of the 1999 data, only three values could be considered unenriched. Many 
lead and copper values were more than 5 times greater than would be expected for pristine 
sediments. One zinc value (WB-5 at subbasin D2) was nearly 15 times greater than expected. 
MaXh'11Um enrichment of copper in 1999 was 2.8 at subbasin WB3 near the Sarasota Ken..Tlel Club. 
The same location recorded the maximum lead enrichment ratio (5.5). Biological impacts 
threshold levels (TEL) were exceeded for some metals at four of the seven "sites within the 
watershed, but no concentrations exceeded PEL values. This is again due to the water velocities 
of the drainage ways sampled, in which fines and the associated contaminants do not typically 
settle. 

For the Whitaker Bayou subbasins, observed enrichments of metals was more consistent with some 
of the modeled loadings. Subbasin WB3 was modeled with the highest pounds per acre of copper, 
lead, and zinc (Appendix G-2). The sediment enrichment at the station downstream of this 
subbasin was the highest in copper and lead, and was over four times pristine values for zinc. In 
contrast, however, modeled values for subbasins Dl, D2, and D3 were only 40-50% of the 
maximum observed within the basin, but the station representing these subbasins was the most 
enriched overall. Whether intentional on not, there are clearly some activities in both Whitaker 
Bayou and the other watersheds which contribute metals beyond the amounts typically observed 
in the stormwater database. 

For Whitaker Bayou, there were no stations co-located in both 1991 and 1999, but assuming that 
enrichment ratios have been stable as observed in Cedar Hammock and Bowlees Creek, some 
interesting geographic patterns emerge. First, taking zinc for example, the high levels observed 
at one station (WB-5) do not always extend downstream to the next station. This implies that 
sources of metals are less than the available binding sites on sediments (WB-4) and aid in 
determining source regions. Secondly, the Riverside Drive station sampled in 1991 (20-1) was 
relatively clean, indicating that for the rate of metals release in the northern watershed. 
contamination is retained above Riverside Drive. The drainage entering Whitaker Bayou below 
Riverside Drive (subbasins D9, D8, and D7) was sampled at the downstream end of subbasin D8 
(WB-3), with enrichment values of 0.3, 2.1, and 4.4 for copper, lead, and zinc, respectively. 
The enriched sediments observed at Station 20-A, therefore, appear to originate downstream of 
Riverside Drive and subbasin D7, i.e. in subbasins D8, D9, WB7 • and/or WBS. A variety of 
interests are known to be active in the region, most notably a marina and a long standing domestic 
waste discharge. 
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Figure 21. 
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Combined ranks of the density of potential contaminant sources based on 
present day industry presence, multi-sector industries and estimated 
metals loadings in stormwater, Whitaker Bayou. 
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Figure 22. 
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Table 15. Sediment metal concentrations from samples collected in 1998, 1997, and 1991, Whitaker Bayou. Enrichment 
ratios computed as the ratio of sediment concentration to the upper 95 th percentile of the values of pristine 
sediments. Shaded values are from analyses using less rigorous digestion methods. 'T' indicates tidally 

influenced station. 
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Whitaker Bayou watershed sediments were generally higher in bulk concentrations of PAll than 
any of the other watersheds (Table 16), with the exception of Cedar Hammock Creek. Five of 
the seven stations exceeded PEL values for one or more compounds and three of the five exceeded 
PEL values for five or more compounds. These three stations were not only contaminated in bulk, 
but values per weight of organics were also high. Stations WB-2, WB-5, and WB-7 (or subbasins 
WB8 at V.S. 41, D2 at 12th St, and WB3 at the Sarasota Kennel Club) recorded total PAR of 
346,000 ug/kg, 921,000 ug/kg, and 90,000 ug/kg of organic matter. Sediments at Station WB-4 
contained 166,000 ug/kg organic matter. Fluoranthene and pyrene, followed by chrysene and 
benzo(b )fluoranthene were the most prevalent compounds. Similar to the other watersheds, 
methylated and high molecular weight compounds indicate a mixed origin of combustion and 
petroleum sources. Data from 1991 and the tidal waters of the Bayou ranged between undetectable 
and 50,000 ug PAH I kg of organic matter. PAR sources apparently originate from within the 
watershed, particularly upstream of WB-5 and WB-2, rather than from activities in or near the 
tidal waters. 

Phillippi Creek 

Phillippi Creek was the largest watershed investigated, and had its area subdivided into 14 
subbasins. The most downstream portion is delineated at V.S. 41. The watershed extends 
northward as far as University Parkway, and well east of 1-75. Much of the watershed is 
residential, with some newer light industrial developments along the Interstate 75 corridor. 
Almost 54% of the watershed is classified as OPEN, with 11 % as either commercial (OTHER) 
or industrial. The remainder is dominated by residential (SFMD) at 29%. Drainage in surface 
ditches or canals predominates for the major conveyances. 

The results of combined rankings based on densities of present-day potential sources, multisector 
industries, and modeled stormwater loadings appear in Appendix H-3 and are illustrated in Figure 
24. Due to the size and number of subbasins in Phillippi Creek, ten samples were collected within 
the watershed, including one station to cover an area which was low ranked but represented a large 
portion (32%) of the total watershed. The stations were sampled downstream of Centergate, 
Branch AA, and Main A as a single area, Lateral AC, Branch C, Linwood, Main C, Branch BA 
(and MainB) , Lateral AB, L-Phillippi, M-Phillippi, and Redbug, in order of ascending 
contamination potential (Figure 25). The highest ranked basins were in the western portion of the 
watershed, along U.S. 41, Tuttle, and Lockwood Ridge Road, along Proctor Road, as well as 
the northeastern portion drained by Main C. A surface sheen was especially prominent near the 
intersection of Main C and 1-75, which was sampled during a period of increasing flows in 
response to thunderstorms in the vicinity. 

Metals data and enrichment ratios appear in Table 17 and Figure 26 for sediments collected in 
1991 and 1999. Consistent with results in 1991, overall enrichment values within the watershed 
are low in comparison to Hudson Bayou, Whitaker Bayou and Cedar Hammock Creek. For all 
metals, 15 of 33 enrichment ratios were less than 1.0, and only three values equaled or exceeded 
3. 0. Station PC-7 (draining Lateral AB) was enriched in both lead and zinc (3. ° and 5.1 ratios, 
respectively), while PC-5 (at Main C) was enriched in copper (3.3 ratio). Stations below Redbug 
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Table 16. Polynuclear aromatic hydrocarbons (PAH) in the sediments of the Whitaker Bayou watershed. A verages and 
sums computed only if analytical values were greater than the method detection limit. 
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Combined ranks of the density of potential contaminant sources based on 
present day industry presence, multi-sector industries and estimated 
metals loadings in stormwater, Phillippi Creek. 
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Figure 25. 
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Consolidated subbasins and location of sediment samplings conducted in 
1991 and 1999, Phillippi Creek watershed. 

64 



0\ 
Ul 

Table 17. Sediment metal concentrations from samples collected in 1998, 1997, and 1991, Phillippi Creek. Enrichment ratios 
computed as the ratio of sediment concentration to the upper 95(h percentile of the values of pristine sediments. 
Shaded values are from analyses using less rigorous digestion methods. 'T' indicates tidally influenced station. 
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(PC-I0) and at Bee Ridge (PC-9) were also higher for lead and zinc than the remaining stations 
sampled and indicate a source upstream. 

Data from 1991 and 1995 were generally consistent (27-2 and PC-9). Stations 27-B and PC-8 
were also similar for copper and zinc, but some occasionally high values of lead enrichment (up 
to 5.5) were observed in 1991. Noteworthy for Phillippi Creek is the relative lack of enriched 
sediments near the mouth. Flows are obviously higher at times than in the other watersheds. due 
to the size of the basin. The depositional environment also appears to occur further downstream 
than was sampled, based on the relatively low aluminum concentrations at the mouth of the Creek. 
Nevertheless, as enrichment ratios should nonnalize for these effects, there appears to be a 
comparative lack of metals contamination in this region. Copper exceeded TEL values at two 
stations (PC-2 and PC-8, Colonial Oaks and U.S. 41), and exceeded PEL levels at PC-5 (Main 
C). Lead was also higher than the TEL value at PC-5. 

Modeled point and non-point source support the results found in the Phillippi Creek watershed in 
general but not in the particular. Watershed average loading rates (in lbs/ac/yr) were the lowest 
of any of the five watersheds for both copper, lead, and zinc, consistent with the relatively few 
enriched stations. The stations with the highest metals enrichment ratios within the Phillippi Creek 
watershed, however, were not from those subbasins with the highest loading rates and were 
instead 25-30% of the maximum loading rates calculated. 

With the exception of a single station, P AH contamination (Table 18) in the Phillippi Creek 
watershed, based on data nonnalized to organic matter, was the smallest of any of the five priority 
watersheds. Data from 1991 were similarly low in comparison, ranging between undetectable 
and 24,000 ug/kg of organic matter. Examining bulk concentrations, only two stations, PC-6 and 
PC-7 (subbasins Branch BA and Lateral AB) had concentrations which exceeded PEL values for 
probable biological impacts. Of the two stations, however, PC-7 had 12 compounds or categories 
with probable impacts, in contrast to only one compound at Station PC-6. Six other stations also 
had compounds which exceeded TEL levels, but generally only for two to four compounds. While 
the Phillippi Creek stations as a group contained the lowest P AH for the quantity of organic matter 
present, Station PC-7 (Lateral AB) also contained the highest concentration (951,000 ug/kg of 
organics) of any station sampled in any watershed. Fluoranthene and pyrene were the most 
prevalent compounds. PAH contamination is apparently limited to isolated basins within the 
Phillippi Creek watershed. 
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Table 18. Polynuclear aromatic hydrocarbons (PAH) in the sediments of the Phillippi Creek watershed. Averages and 
sums computed only if analytical values were greater than the method detection limit. 

Compoulld PC-I 

(ug/kg drr WI) 

Acenaphthene 

Acenaplllhylene 

Anthracene 

Benro(a)amhrill:ene 8.4 

Benro(a)pyrcnc 19 

Benzo(b)!llloral1lhenc: 26 

Benro(g,h,i)perylrne 54 

Ben.w(k)lllloramhene 12 

Chrysene 19 

Dibenzo(a,h)alllhracene <14 
Auoranlhene 48 

Fluorene <14 

Indeoo(I,2,3-cd)pyrene 19 

Naphthalene <28 

Phenanthrene 18 

Pyrene 22 

I-Methylnaphthalene <28 

2-Melhylnaphlhalene <28 

Sum or detectable PAH 344 

Compound PC·I 

Percenl Organics 3.9 

(':I~!_~~ __ ~.ry w~._o,f ~rganics) 
Acenaphthene 

A cenapillhylene 2,538 

Anthracene 

Benw(a)anthracene 215 

Benzo{a)pyrene 487 

Benw(b)nuoranthene 667 

Beruo(g,h,i)perylene 1,385 

Benro(lc.)Olloramhcne 308 

Chrysene 487 

Dibenro(a.h)a!llhracene 

Fluoranlhene 1.2)1 

Fluorene 

Indeno( 1,2 ,3-t:d)pyrene 487 

Naphlhalene 

Phenil11lhrene 462 

PyreJ'IC 564 

! ·Melhylnaphlhalern: 

2-Mtlhylnaphlhalene 

Slim of deleclahle !'A 11 Ii,H31 

<140 <83 <61 <160 

<54 [=:]:~p::==:] <24 <64 

<II <6.7 <49 <13 

< 14 <II 18 <4.9 35 
X <14 <II 44 X <4.9 56 

18 12 77 83 X 82 

X 48 <27 89 <12 86 

X < 14 <11 32 X 15 X 34 
<14 13 <4.9 54 

<34 <27 < 12 <32 

X <34 <27 <12 120 

<34 <21 <11 <12 <32 

X <34 <27 50 < 12 44 

<69 <54 <33 <24 <64 

X <14 11 14 <4.9 29 

<34 <21 44 <12 69 

<69 <54 70 X <24 <64 

<69 <54 <33 <24 <64 

148 36 71) 23 609 

C-==:J = Above TEL I::=J Above PEL 

PC-8 PC-' PC-lO 

98 xl 610 xl < 1000 <72 <320 

< l30 

<26 

56 

<28 < 160 <420 <29 

711 X 

230 220 140 150 

X 270 X 5700 "F42 <210 150 <65 
X X 2700 ·F42 93 58 X 51 

<14 

·· .. _--··DQ·_·_· .. ·r .... · .. ·i·lO· .. · .... r-·IIO .. _ .. -
·-;z210-··-·I::=~~:fi:~~::::~J··-<6~·--.... 

220 180 X 330 430 ·F421-___ "'iI 

< 14 I 270 <210 < 14 <65 

74 ·F42 3300 "F42 <210 91 <65 

<420 <29 < 130 

26 64 

150 [=J:?'~=:=:~ 
<29 <130 

<28 <29 < 130 

1.140 1.134 1,009 

F42 Diluted for analysis X Mmimal precision "Iwn columns 

l PC-1 I PC·1R I pc.) I PC4 I Pc-s I PC-6 I PC-7 I pc.s PC-9 J PC-IO 

ll.!'i 6.2 7.0 1.9 17.0 4.4 7.1 8.6 10.3 1.9 

2.227 7,922 

713 1,714 

12,018 

257 206 2,250 67.532 1.012 670 2,947 

629 329 2.727 53.247 1,628 864 4,105 

157 194 1.100 437 482 5,227 80,519 2,558 1,359 7,895 

417 1.271 506 6.136 74,026 1,456 

457 789 200 2.273 35,065 1,081 56) 2,684 

210 686 318 5,000 77,922 1,512 1,165 5,789 

486 31,169 592 

1,043 106 9,713 233.766' 2.558 1,748 17,368 

3.506 

714 259 1,682 42,857", 88) 

177 200 171 2.500 61,532 252 3,368 

629 406 7.500 127,273 2.907 1.456 8.947 

1,000 3,506 

33,766 

1,2117 581 10,1116 1,226 3,~1I2 47.2')'i 951,688 13,H6 11,OW S),II)S 

Average 

79 

33 

103 

605 

498 

764 

694 

332 
720 

270 

2099 
30 

381 

o 
598 

1168 

38 

289 

8708 

Avel1lge 

923 

451 

1,098 

6,498 

5.)68 

8.304 

7.613 

3,M2 

7,830 

2,878 

22.643 

319 

4,182 

Q 

6,458 

12.
662

1 

410 

3,070 

I 
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v. SUMMARY 

A variety of existing information was compiled to identify the subbasins within the Sarasota Bay 
priority watersheds which were the likely sources of the noteworthy sediment contamination 
documented in Lowery, et al. (1993). Sediments from the identified groups of subbasins were 
sampled and data combined with existing sediment quality data to determine the locus of 
contamination and to allow prioritization of subbasins for treatment activities. 

Industry and business types within the various watersheds were assigned as potential 
contamination sources for pesticides, metals, and polynuclear aromatic hydrocarbons. Source 
potential was based on raw materials, manufacturing processes, probable activities, and related 
issues (such as volume of vehicle traffic), No adjustment for the relative size of an individual 
business within a given industry category was possible, with small businesses receiving equal 
weighting with large entities. It should be emphasized L'1at poor housekeeping practices \vere 
assumed to be the rule rather than the exception. Under this assumption, raw materials would be 
stored outside and uncovered, and waste materials and products were assumed to pe-lliscarded such 
that stormwater runoff would be contaminated. As a result, the number of potential sources are 
undoubtedly an overestimate of actual conditions. 

The number of potential contaminant sources within a subbasin, by contaminant category, was 
used to compute the density (number per acre) of potential sources. Qualitative rankings for each 
contaminant category (pesticides, metals, and PAR) were assigned based on density and the 
individual contaminant ranks averaged to identify basins with a high likelihood of contamination. 
For Hudson Bayou, rankings were developed for two time periods 1 1972 and 1998, using all 
businesses identified by either the City Directory (1972) or by the current records of several 
Sarasota County departments. The remaining basins were ranked using present-day indsutries 
(1998-1999). In addition, the industries within the watersheds identified by USEPA as having a 
high risk of contamination (multi-sector industries) were also used to develop a ranking. 

Land use within the watersheds was also used to compute quantitative storm water loadings based. 
on an extensive and recent data set. Point sources were incorporated as appropriate. The non
point source loadings reflect generalized activities within a particular land use and cannot account 
for spills, unusual activities, or particular industries or classes of industries within a watershed. 
(Lack of agreement between modeled loadings and normalized sediment concentrations are 
indicative of an these types of unusual activities that are not captured by generalized land use and 
runoff data.) Combined non-point and point source loading rates (pounds per acre pre year) were 
also used to rank subbasins and identify those subbasins with the higher potential contaminant 
loads. Loadings were available for metals, but the low levels of pesticides and PAR in present
day storm water precluded quantifying the organic parameters. 

Once groups of basins were identified, sediment sampling was used to confirm contamination or 
eliminate basins from further consideration. Samples were collected from surficial sediments to 
examine relatively recent deposition. Sampling was restricted in some cases since much of the 
drainage is in piped or closed conveyances with minimal sediment accumulation. Some 

69 



watersheds were subdivided into many more subbasins than samples that had been budgeted for 
sampling. As a result, the new samples collected under this project may reflect discharges from 
a combination of subbasins and low ranking or inaccessible areas of the watershed drainage may 
not have been sampled. 

No chlorinated pesticides above the method detection limits were found in the 1998-9 watershed 
samples, regardless of the amount of organic matter in the sediments. Pesticides found within the 
priority tributaries in 1991 were apparently from sources which are no longer active, or were from 
the unsampled portions of the watershed. Additionally, bulk concentrations of pesticides in the 
generally coarser sediments may simply have been above method detection limits. 

The drainageways sampled during the project are designed to transport large volumes of water, 
and typically do not accumulate sediment fines (with the disproportionate contaminant loads). 
Fines instead are transported downstream and tend to settle where velocities are reduced, at the 
mouths of the various tributaries. As a result, exceedances of probable and threshold biological 
impacts due to contaminant concentrations (using criteria developed for coasta:1 waters as a 
convenient yardstick) are much reduced in the watershed stations from the frequency observed 
in 1991 data. In the earlier work, sediments were collected from the depositional regions of the 
tributary mouths and bulk contaminant concentrations were higher, overall. In order to identify 
the sources of contaminants, normalization techniques were used which would account for the 
differing depositional environments. 

The use of metal enrichment ratios and P AH concentrations per weight of organic matter permit 
the intercomparison of subbasins under differing hydrological environments for geographic source 
delineation. The results of the metals analyses performed under this project are summarized in 
Figure 27. Metal enrichment ratios for copper, lead, and zinc are illustrated for all watersheds 
and stations. Ratios greater than one are considered anthropogenically enriched. Agreement 
between replicate samples from the same site and time was often good (indicating a more 
consistent source), but in the case of Hudson Bayou was quite variable. The variability between 
samples from the same site is interpreted as intermittent contamination events or transport of 
more contaminated sediments from the upper watershed under periodic storm event conditions. 
With highly variable sediment concentrations, a continuous point source discharge is unlikely. 
Stations co-located between 1991 and 1998-9 showed fairly stable patterns of metals enrichment 
over time. In some instances, highly contaminated sediments did not extend downstream to the 
next sampled site. This result may be a product of the relative size and proportional contribution 
of the contaminated basin with respect to the remaining watershed area. 
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Figure 27. 
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Sediment metal enrichment ratios of copper, lead, and zinc for 1998-1999 
samples collected in Sarasota Bay National Estuary Program priority 
watersheds. Values above 1.0 are considered anthropogenic ally enriched. 
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Examining all stations together, it can be seen that metal enrichment is more prevalent in the 
Cedar Hammock Creek, Whitaker Bayou and Hudson Bayou watersheds, and that lead or zinc 
were the most commonly enriched metals among all of the stations. In particular, the lead 
enrichment from a station within Hudson Bayou dwarfed all other contaminated areas. 
At the discharge from the lower central basins of Hudson Bayou, lead is enriched between 30-40 
times over what could be expected in pristine sediments. Farther upstream in the basin., lead is 
only 4 times greater than expected. Lead and zinc at the lower central basins are also present in 
concentrations at which biological effects can be expected. Sediment concentrations are also very 
non-homogeneous, indicating either an intermittent discharge or stormwater transfer from some 
upstream reservoir. Three of the five lower central subbasins were ranked highly for both multi
sector industry density and stormwater loading, but regional stormwater loadings do not account 
for the degree of contamination apparently originating within the lower central subbasins. Other 
than the central basins of Hudson Bayou, metals contamination was higher in regions draining 
the downtown area and was generally consistent with the loadings based on stormwater mode] ing. 
Sediments from areas of the tidal Hudson Bayou that were recently dredged appear reduced in 
concentration over 1991 levels. f 

In the Cedar Hammock Creek watershed, metals sources appear to be concentrated in the upper 
watershed, but earlier data indicate a copper source near the mouth of the tributary or historical 
that has now been eliminated. Bowlees Creek also reported slightly higher concentrations in the 
upper watershed than in the sediments near the mouth, with the exception of a 1991 station near 
V. S. 41. Again this geographic pattern could indicate either a source near the mouth, or historical 
contamination which has been removed or reduced from within the watershed. There were 
selected areas of Whitaker Bayou with substantial zinc contamination. Sediments near V.SAl 
were even more enriched than areas immediately upstream and may reflect historical or 
continuing inputs from activities near the mouth. In particular, copper concentrations were high 
in 1991 in the tidal portions of the Bayou where marina activities and wastewater discharges may 
contribute. For Phillippi Creek, most metal contamination was concentrated in the lower 
watershed with enrichment values of 2-3 times pristine levels. One station, however, reported 
substantial zinc concentrations (PC-7). Biological effects likely due to the metal concentrations 
in 1998-9 were limited to one station in Phillippi Creek, and one station in Hudson Bayou, 
although it should be emphasized that sediments were not necessarily collected from depositional 
environments. 

As may be expected when examining a variety of contaminants and contaminant classes, spatial 
and temporal patterns of contamination vary by individual parameter. For P AH, sediments are 
even more non-homogenous at a given station than are metals, implying a variable input. 
Compounds present are indicative of both petroleum and combustion products contamination. 
Despite not having sampled depositional environments, P AH concentrations were sufficient in 
many instances to make biological effects probable, particularly in the case of Cedar Hammock 
Creek (3 of 4 stations) and Whitaker Bayou (5 of7 stations). Figure 28 illustrates the combined 
results from 1998-1999 sampling. PAH data are illustrated as the percentage of the maximum 
value of ug/kg of organic matter. 
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Figure 28. Sediment concentrations of polynuclear aromatic hydrocarbons for 1998-1999 samples 
collected in Sarasota Bay National Estuary Program priority watersheds. Data normalized to 
sediment organic content and presented as a percentage of the maximum value found. 
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The midpoint of the bar illustrating P AH concentrations is roughly coincident with the station 
location. High levels of PAH are concentrated in the upper Cedar Hammock Creek watershed, 
several of the lower stations in Bowlees Creek, near the mouth and at station WB-5 in Whitaker 
Bayou and at several stations in Hudson Bayou. The Hudson Bayou with the high lead 
contamination was not the highest for P AH within this watershed. The highest normalized 
concentrations of PAR within Hudson Bayou were found in sediments downstream of the 
downtown region. The PAH levels in Phillippi Creek sediments were typically the lowest of all 
basins with the exception of one station which was the maximum for the study (PC-7) with over 
951 ,000 ug/kg of organic matter. 

For metals, controlling discharges and source identification within the lower central subbasins 
of Hudson Bayou is a clear priority to reduce lead contamination. The source of excessive lead 
in Hudson Bayou is predominantly located within the lower central subbasins and discharge to 
the Bayou apparently continues based on the presence of lead in the surficial sediments. Lead 
at this station is not the product of generalized urban land uses, as the sediment lead 
concentrations do not agree well with modeled lead discharges from the subbasinS': An unusual 
metals source is present in the lower central region. Metals contamination varies substantially 
by watershed and subbasin but is generally more prevalent in the Cedar Hammock Creek, 
Whitaker Bayou, and Hudson Bayou watersheds. 

P AH concentrations appear to be a more serious problem for biota within the sampled basins as 
many more station exceeded probable effects levels. Some watersheds had pervasive 
concentrations of PAH; Cedar Hammock Creek, lower Bowlees Creek, and Hudson Bayou. 
Other watersheds, such as Phillippi Creek, were comparatively free ofPAH with a few notable 
exceptions. In this instance, P AH contamination appears to be an episodic event that is not 
mirrored in the remainder of the watershed. 

Regionalized treatment systems or activities may be an effective approach for addressing 
watersheds with pervasive contamination and no single station representing the majority of the 
contamination. Regionalized systems are less justifiable if contamination is limited to a few 
areas. Placement of systems for removal of contaminants clearly should follow a thorough 
assessment of watershed contamination as unlikely sources of significant contamination can 
override expected contaminant loads based on density of industry or modeled point and non-point 
source loads. Dredging with sediment removal can apparently expose sediments with lower 
concentration values for metals, but continued monitoring will be necessary to determine whether 
the reduced concentrations are lasting, or whether the sources(s) will continue to contaminate the 
newly deposited sediments. 

The methodology used in this project identified subbasins with contamination potential. New 
samples, coupled with existing data, depicted spatial patterns of contamination. Some parameters 
are apparently no longer contributed by the watershed, while others remain as a significant 
pollutant. Not all observed contamination was consistent with predicted loadings or density of 
historical or present day industries, indicating that unusual or watershed-specific activities can 
account for a substantial portion of contaminant loads. 
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