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EXECUTIVE SUMMARY 

A variety of existing information on the density of historical (1972) and present day industries, 
specific categories of stormwater 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 identified 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 drainage ways sampled during the project typically do not accumulate sediment filles. As a 
result, exceedances of probable and tJrrcshold biological inlpacts due to bulk contaminant 
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 PAH, 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 Hanlffiock 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 al., 1988) for Sarasota Bay. 

Early characterization efforts (Lowrey et al., 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 '."ere 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 biologiclil 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 toxics. 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 stormwater 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 storrnwater 
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 PAR. The density 
9f 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 PAR, 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 
stormwater quality, multi-sector businesses in present day County databases were-categorized as 
potential sources of metals, pesticides, and PAR. Density of industries per acre was again used 
to qualitatively rank subbasins . 

Stormwater 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 al., 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 PAR). 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 anaiyses 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 Arc View 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 Ceaar 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, historical, 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 ftrst 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" , 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 ShOppi..T1g centers or department stores were 
considered to have large parking areas , high vehicular trafftc , and were categorized as potential 
PAH and metals sources. Transportation industries (moving companies), delivery services, and 
other businesses likely employing a fleet of trucks was also considered a potential PAH 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 identifted as potential contaminant sources 
within the Hudson Bayou watershed in 1972. 

Within each subbasin, the number of potential sources of metals , pesticides, and PAH 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 (FDEP) 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 of hazardous wastes, on­
line facility listings obtained from the Facility Index System (FINDS) maintained 6y EPA Office 
ofInformation 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 
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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-l) . The 
industries are those which, because of materials used or manufacturing activity, must take 
particular care to prevent pollutants from entering storm water. For each of these 29 facilit'j 
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 stormwater 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 defme 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 NPDES 
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 _ mi.html) . 
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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 well as Lhe 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-1. 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" (light, medium, heavy or intensive) 
and other land uses . Land use types for which stormwater 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 defined 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 

PARK / URBAN OPEN / FOREST / WATER / 
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Table 2. Polynuclear aromatic hydrocarbons (PAR) and chlorinated 
pesticide detection limits measured for NPDES MS4 applications. 

I 
Detection Limit-

PAH typical (ugll) Chlorinated Pesticides I Detection Limit­
typical (ugll) 

3,4-BENZOFLUORANTHENE 7 
ACENAPHTHENE-----.---.... ~········-·---7 ---

4,4'-DDT 

ALDRIN 
._ .. __ . __ ._' -- -~ ---- .. 

2 
-.-.--~--- -.-.. -.-------.-----.< .. -.-.--... -.--.----

DELTA-BHC 2 

B~ZO(~)ANTH_~~!~.~ _ _ _'. ___ ~ . __ . ENDRIN 4 
BENZO(A)PYRENE 7 GAMMA-BHC (LINDANE) 4 - - _. __ ._------_ .... _-----_ .•.... _._-_._ ....... _-------_ .. _------
BENZO(GHI)PERYLENE 7 --HEiYfAcHiOR-·--·--····--·· -··-4·--·--· 

~jNz6QS2FLUO~EIHEr:.<~ ~.:~;. ___ . __ .l.. ___ . 
S:H~'l:'.~I::r:.<~_. ___ .. _ .......... ___ . __ L. __ ._ .. _ .. _? __ ._. 
[)!~~r:.<~Q~~H)ANT!:!~C!!!:I~_l_. __ .. ~ ___ _ ... 
FLOURENE 6 
FLURORANTHENE 7 

INDf~9Q~2, 3~CD)Ji~NE _=:: .. =.~~~=?=~=~~ 
NAPTHALENE 6 
.. -_. __ .. _-_ .•. _---------.-_ ..... _ .. _._--_._-•... _------_._"-_._---"._--_. 
PHENANTHRENE 6 
PYRENE 6 

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

PAH % Nondetecable I # Obs. Chlorinated Pesticides % :'IIondetectable 

Single Family I Medium Density Single Family I ~Iedium Density 
t------------.-.--.-..'l! . ~~ .. --.. -~---~,~~!t_----------+ 96.1% 

Multi·Family I High Density Residential 100.Q.~ .. _ .. _ _ ..... _" _____ :..:I96.::.t:M:-u1-t;:_i.F_=amt..__·ly-/--:H-igh.,.._::De-:;;ns:-i_ly-:R_es..,.ide_n:-ti_a1.,..-t 

Retail, Corrunerical, Offices. Institutional, Retail, Corrunerical, Offices, Instirutional, 
100.0% 

99.2% rR_oa_ds __________ + ___ ~97.:~. ::..1 ~ .... _. _ __ ; __ I ,~.::96+R-"oads:..:.::..---------_iI_--::.::=.::-----

Industrial 
96.9% 1::--,........,.,-:-_;:_--::---::-;-----1 ___ __ y _ .3_% __ _ .. _~ .... _ .. __=.I"',5.:.c07_t::___:_..,..,.....-::___;:_-_:_:_..__--_t--- --:.:::.:. 

Park. Urban Open, Forest, Water, Park, Urban Open, Forest. Water, 

Industrial 

Wetland 100.0% 180 Wetland 99.0% 
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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 P AH 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 uniform sampling coverage across the storm hydro graph 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, ug/l Copper, ug/l Zinc, ug/l 
(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 

I 

I 

I 
I 

Lead, ug/l Zinc, ug/l 

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 

DeIA (%) 
30 
45 
70 

1 
70 

The combined land use file from all five basins consisted of 100 standardized (FLUCCS) land uses 
(Appendix E-l) . 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-l) with 
resulting acreages per subbasin and combined land use types listed by watershed ~nd 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 watersheds 
examined. Phillippi Creek, however, contained 54% of its 35,800 acres as open land, 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 rust 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 7. Combined land use distribution used for modeling stormwater loadings 
of metals to Hudson Bayou . 
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Figure 8. Combined land use distribution used for modeling stormwater loadings 
of metals to Cedar Hammock Creek .. 
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Figure 9. Combined land use distribution used for modeling stormwater loadings 
of metals to Bowlees Creek. 
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Combined land use distribution used for modeling stormwater loadings 
of metals to Whitaker Bayou. 
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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 ArcView. 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 
iocated outside of the Hudson Bayou watershed, and was deleted from further evaluation. There 
were 27 potential dischargers in Phillippi Creek and 4 in Whitaker Bayou. Included in this list 

_.r 
were several permitted stormwater discharges (e.g. Sarasota County Area Transit Facility) 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 rypical 
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,OH 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 
Winnipeg, 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-1 u'rrough 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 generation1tttributable 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-1 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 permit for dredging the upper portion of the navigable Bayou, between the Osprey 
A venue 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 i 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 
Kensingto_n Park --= TOTAL (3) 0.39 

----

t) 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 permitees (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 of 1-75. 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 thi 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 defmed 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 at. , 1993, and more recent information 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 PAH 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 conterft 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 PAH in ug/kg dry weight, metals in ug/g dry weight. 

Parameter Method Detection Limit 

Metals 
Digest IFDER, 1986 ! -
Copper I 220.2 ! 0.5 -----. Lead L 239.2 ! 0.1 --·---ziOC---------·--- - : 2 89 .-1 --------~:--------- ---2-----·--

Aluminum 

Chlorinated Pesticides 

Aldrin 1.7 
alpha-BHC 1.7 

202.1 I 5 

SW-846, 8081 Various, dependent on 
sample % moist\Jre /" 

lo,p' DDD I 3.3 
lo,p' DDE I 3.3 

. _______ .... __ . ______ .. ___ . __________ .________ __ lo,p' DDT --1---~~-------
delta-BHC 1.7 !p,p' DDD I 3.3 
beta-BHC 1.7 

gamma-BHC 1.7 ip,p'DDE I 3.3 
Chlordane 17 !p,p'DDT 1 3.3 , ! 
I2i~~dr_in _ ________ . _____ . ____ . __ . ___ 3_.3 ______ j Toxaphene _____ i___ 170 ______ _ __ _ 
Endosulfan I 1.7 ;Aroclors 1016 : 33 
Endosulfan II 1.7 : Aroclors 1260 I 67 
Endosulfan sulfate 3.3 ;Aroclors 1221 ' 33 -----.--.------------_____ ;--_____ .----L ________ _ 
Endrin 3.3 iAroclors 1232 I 33 - -_ .. __ .. _---_._-_. __ ._. __ .. _------------_._----------- -----+- ... _._-_._-----_ .. _--
Endrin Aldehyde 3.3 !Aroclors 1242 i 33 

--
Heptachlor 1.7 !Aroclors 1248 ! 33 

i 33 I Heptachlor Epoxide 1.7 I Aroclors 1254 

I Methoxychlor 17 i 
-------------------4,--------+--------~ 

Polynuclear Aromatic 
Hydrocarbons 

Acenaphthene 
.-. -
Acenaphthylene 
Anthracene 
Benzo( a) anthracene 

J 50 
.-

! 20 , 
i , 4 

I 4 
i 

i 
! i 

SW846,831O Various, dependent on 
sample % moisture 

lDibenzo(a,h)anthracene I 10 
---+:---~~--------7----

i Fluoranthene I 10 
I Fluorene 10 
I Indeno(1 ,2,3-cd)pyrene- i 10 , 

Benzo(a)pyrene 4 -----+------_.- ! Naphthalene 
I Phenanthrene 

I 20 
-.--.-.. -.-----------.4-.--.... --

Benzo(b )fluoranthene i 4 ! 4 

Benzo(g ,h, i)pery lene i 10 
I 

iPyrene 10 
Benzo(k)fluoranthene i 4 

I 

Chrysene I 4 
11-Methylnaphthalene 20 
12-Methylnaphthalene 20 
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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 bett"BHC, lindane, 
heptachlor, heptachlorepoxide, 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 Avenue) 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 inunediately to the east of Osprey A venue and on the north bank 
of the Bayou. Sediment samples were collected at this location (HB-l) to represetu 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 ai., 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 95th 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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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-l) 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 enriclunent 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-l and H -6) reveal similar 
orders of magnitude of contamination for sediments collected in 1998, despite diffeting digestion 
procedures. From this, one can assume that there is linle 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 lb/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-I0) 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 lb/ac/yr) and do not account for the range in sediment contamination. 
An unpermitted 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 .68 0.14 335.50 0.66 510.7 27% · 28% 24% 29% 
~ ___ " _M" _ " " ' _ _ '_"" • .. _--_. __ ._ ........... _- . •• M···· .. · ....... _ .... ......... _ ........ .. _ ... __ .. ....... __ ._._. __ . . ,_ ....... _- ---_ .. --_ . . .... -._ ........... '-_ .... , ............ __ ............. _ .. -_. _ ........ __ ... _--_ ............ - .... ................. __ .. .. _._-- __ ·_H·.H ... __ .·, .. _ ........... M., •••••• __ • __ .•• 'H •••• __ ...... 

49.14 0.12 54.60 0.14 267.70 0.66 403 .3 20% 20% 19% 23% 
,,,,,,, ___ ,,.',,,,,,.H._ .. " -.. __ .. _-_. __ .. _---_. _.' ._. "'M' •••••• • _ • • • __ • _H. ...... _ ••• H ...... ... __ ._-_ .... .......... _--_ ... • •• ____ . _ • •• _H .... '._' .. ', ....... - ................... ' .............. _ .. _ .... __ .. _ ........ . _-_ .. __ ... _-_ .. _ ......... ._··.N_ .. _ .. _._ ... _ ..... __ .... _ ---_._._ .. _-_._.-.. __ ..... ·_·_· __ • .. _ .... ···· H_· .. • _ _ 

33 .95 0. 17 35.46 0.18 221.67 l.1O 200.9 14% 13% 16% 11% 
........ · .. _H ...... .... ........ _ ............... _ ..... , ... . ...... ......... .. .. -.. -... - ............. - .. -.. -. __ .............. , .. . ..... .......... -.. -. "" .. _ . .. ... _ ..... _ ...... _ ................. ._ ••... _ ... _ .. _ .......... .." .... _ .. --. 

71 .97 0.16 75 .75 0.17 438.21 0.99 443.5 ···· · ··· .?9.~-1 ·· · }~~ 31 % 25% 
_ ... .. ... ............... .... ... .. ........ .. ........ ...... .... - .......... ... , ... ........................ __ ..... ... _ ..... -_ ... , ... ,,- ..... _. __ .... __ ..... 

13.48 0.13 15.10 0.15 7l.57 0.70 102.8 5% 6% 5% 6% 
.......... ... _-_ .. .. _ ... . , ..... ...... .. . ..... ·N •• ·'_ .. • ... _ .. _".·N"_ .. · ...... .. · .. ·,,· .. · .. .. _ ..................... ........... _ .... .... , ......... ........... ... .... .. .... ................... ..... N . .......... .. ......... -... _._._--_ .... _ .. _ ..... -.- .... ...... . _ ... ,,, .. 

11 .93 0.13 13.24 0.14 62.21 0.67 92.4 5% 5% 4% 5% 

245 .89 267.82 1396.87 1753.6 
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In comparing results from H -6 and HB-l, 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-lO and H-9) were contaminated to a greater extent than 
those in the northeastern area (H-l1 , 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 
0.99Ib/ac/yr , compared to a range of 0.66 to 1.10 lb/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 PAll. 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 (HE-I). 
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-l 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 PAH compounds in sediments collected in 1998 appear in Table 10. As PAH 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 (;.tg PAH/kg organic matter) . 
Similar to metals distributions, sediments at HB-l exhibited a wide range in concentration ofPAH, 
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 PAH 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 PAH 
contamination. PAH 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 (PAR) in the sediments of the Hudson Bayou watershed. Averages and 
sums computed only if analytical values were greater than the method detection limit. 

C OIUI)()und 

(ug/kg dry WI) 

Acenaphthc:nc 

Ae<napillhy lene 

Anthracene 

Bcnl.u(a)anthral,:clk' 

llenzo(a)j>y rene 

Bcnw (b)lluoralllhe"" 

Bcnw(g.h.i)perylene 

Bcnzo(k)lluoranlhene 

Chrysc:ne 

Dibenw(a.h)anlhracene 

Fluoranlhene 

Fluorene 

Indeno( 1.2.3-<:d)pyrene 

Naphlhalene 

Phenanlhrene 

Pyrene 

I. Melhylnaphlhalene 

2· Melhylnaphlhalene 

IIB·1 

< 190 

< 77 

IIIB.IR 

< 1600 

< 640 

I IIB·2 

< 270 

< 110 

< 15 < 130 <2 1 

::.::·:.:::i:f.f::·:·:: I ~:: F::·:3~"::::] 
2SO 4.500 580 

160 X 3,400 X 540 X 
98 Xr-"';':';;';;';;'_;';' 

........... ~.~.~-...... t-~~~....,I--~--j 
96 

460 

<38 

120 

< )w 

2.SOO 
<77 <640 < 110 

: :::=:=)j~:=::1 4.~: E::::: ::~~:~:] 
<77 <640 <110 

::::-_--:-j:~~ ~:X l 2,300 xl 380 Xl 

liB·) 

< 63 

< 25 

< 5. 1 

< 5. 1 

8 .4 

14 

< 13 

5.7 

9.6 

<13 

21 

< 13 

<13 

<25 

<5 . 1 

<13 

<25 

<25 

1 1111-4 1 IIB·S 

< 11 0 <290 

< 42 <110 

< 8.4 42 

1 ::::::: : : ::::ST:: ::: : ' I: ::::=::::i~::::: : :: :: 
110 1 410 

••• _ •• • ••• •• __ •• ••• •.• __ .L ••••••• __ •••• •••• •• •••• •• • 

160 430 

170 330 X 

69 190 X 

1 

.... · ...... j·.j·O ...... ·E3E .......... ·4ii(j· ... · .. · .. · 

....... _ .... _ .. _ .... . 
62 ISO ... _ .... _-_ ......... __ . 

X 290 930 .. . ... _ .. _ ..... . 
<21 <57 

100 230 

<42 < 110 

1 

........................ 

1 
................. _.-

97 400 

........ J f!C! ........ .. _ .. ~ .......... , 
<42 <110 

[:=::=::~~:::::: : . I 290 X 

Sum of dClecllble PAH f-" T,iii""""-1 35.900 r .. · .. S:·670·· .. ·m ·l 59 1.563 ["""'4:"662"""'-' 

c::::::::::::] - Above TEL c:::J ~ Above PEL 
F42 .. Dilutoo for analysis X .. Minimal pn.-cision btwn columns 

C:OII IIKluud 118-1 I 1II1-IR I 11B·2 118-) 1 IIB-4 I 118-S 

I·cn:enl Orga.nics 11.5 24 .5 1.3 0.3 0 .9 5. 1 

(ug/kg dry wI of organics) 

Accnaphlhc:ne 

Al'Cl1ilphthylene 

Amhracene 824 

Benro(a)amhracene 80<) 6.531 22.308 9 . 111 5.098 

Uenw( a)llyrcne 1.217 10.612 29.231 2.800 12 .222 8.039 

BClll.u(b)l1uoranthenc: 2. 174 18.367 44.615 4 .667 17 .778 8.431 

Bcnzo(g.h .i)perylene 1.391 13 .878 41 .538 18.889 6.471 

Bcn7.o(k)lluoranlhene 852 7.347 19.231 1.900 7.667 3.725 

C"hryscl'lc 1.~65 10.6 12 37,6'12 3.21Xl 1~ , 556 7.843 

lJibcnl..o(a ,h)anlhracene 835 8.571 22,308 6 .KKY 2.941 

FluoranllM:flC 4,000 28 .980 84 .615 7.000 32.222 18.235 

Fluortnt: 
Indeno( 1.2.3-<:d)pyrene 1.043 10.204 26. 154 11.111 UIO " 
Naphlhalene 

Phtnalllhrene 722 2.857 25 ,385 10.778 7.843 

I'yrene 2,870 19. 184 53 .846 22,222 11.7M 

I. MclhylllaphlhalclIc 

2· Mclhylllaplllhalcnc 1.043 'J ,388 2Y ,2 31 9,222 M86 

Sum of dctcc.:lable PAil . IU22 146.53 1 436,154 1 9 . ~67 173 ,M>7 91.412 
---------
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o 
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1.224 

o 
396 

o 
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o 
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8.331 
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0 

0 

1M 

8.037 

11.641 

17 . 152 

14 .906 

7.324 

14 ,076 

7.368 

31.713 

0 

9.480 

0 

9. 159 

19.772 

0 

Y,871 

16(),665 

TEL J'EL 

6 .71 

U7 

46.9 

74 .8 

88.8 

108 

6.22 

600" 
21.2 

34 .6 

86.7 

IH 

20. 1 

1,684 

88 .9 

128 

245 

693 

763 

846 

135 

3600·· 
144 

391 

544 

1398 

201 
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During both time periods, fluoranthene and pyrene were the compounds present in the highest 
concentration (nonnalized 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 stonnwater 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-1 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 delineated 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 annored 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 CHW1-2 fonn 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 annored ditch. The lower portion is seawalled and discharges to a community marina off 
of Palma Sola Bay. From just north of 53rd Avenue, however , drainage in the eastern portion 
(CHE1-2 and CHE1-1) 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 stonnwater 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 (CHE1-1) 
ranked basins do not drain to Sarasota Bay. The four areas sampled were at the downstream ends 
of the remaining four basins (Figure 16, CHW1-1, CHS1-2, CHS1-1, and CHW1-2) with stations 
numbered in order of increasing contamination potential Station CH -1 was located to the southeast 
of the intersection of 5yd 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 emiched, all except the most downstream (CH-2). In particular, CH-
4 lead levels were 13 times higher than would be expected. The lead emichment at this station 
is inconsistent with the modeled lead loadings (Appendix G-2) as subbasin CHW1-2 is the lowest 
(0.11 lb/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 emichment and modeled loadings for lead and 
zinc at these stations. Indeed, the only station not emiched for zinc was the site (Florida Blvd, 
CH-2) with the highest predicted zinc loading (CHS1-2, 0.82Ib/ac/yr). Copper was only emiched 
at CH-1, and then only slightly. No metals were emiched 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 emichment 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 emiched 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) . Emiched 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-1 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 emichment 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 P AH 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 (CHS1-1) 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. 

Aluminum I Copper Lead Zinc Enrichmcnt Ra tio 

Station Date Tidal Description ug/g dry wI! ug/g dry wlllIg/g dry wtl ug/g dry wll COPllCr I Lead I Zinc Mcan 
, , . , 

CH· I 19991 53 ~d Ave and 20th 5t W 2,970 14 . 5[::::::}~~§] · 86 
CII -2 19991 T Florida Blvd ' 1,450 I 6l 3.'1 10 

1.3 
0.2 
0.9 
0.7 

CII -3 I~I.__ Bay-shor~ 9~rdcns I'kway I 1,1 00 6 4 __ _______ ~~_!J ~ I 
CII -4 19991. __ 26th St W I 880 4 2, --------~U1 37 i 

17-1 19911 T ~5th Ave VI I ~i8 1O. 3[ 11.4f .... 4? . . '1.7 4.91 6.9 4.5 

17-1 1?911 .T 55t~ AveW I 7791 94~ __________ ?~~ 1 27 1.6 4.1 4.7 3. 5 

:~:; :~tl . ~ ~:~:::~:~ ~~:~~::: ::~:~~ ; :~:~r---------i~~~+---------jHi ~; ~ : ~ ~ : ~ ~: ~ ~ : ~ 
~~~·~·- r~1 =-=~=~: ~:==:h~~;1;;:f -=~':I~----iH~ :~.~ :~::~ :~::::::~~ ==~~~ ==.~~ '---'N ! :~ 

17-A 1991 T Dnstrm of boat basin r 30,200 160 0 127.0 136 4.7 4.0 1.7 3.5 

17-A 'i99 ir -T D~;i~~fb;;~;-ba~i~ 1 -" jj-:iiOO 166.0 131.0 :::::::::~~ - --4:"1 -' 4:0 2. ~ ___ ~:2 
_ .. _ _ . ..!2::.~ ___ ..!22.~ T Mouth .~f Ceda~!!~~~~~ .. __ . ___ EJ2.<22L _______ ~~~?L ______ ~~~?J _ __ 2~ ____ ...!:2 __ 1:~ ..... !.:? . __ ~ . .Q 
. ___ l2:.~ __ ~ _!... Mouth of C~r_I.I~I~~l~~_ .• ____ ..!§ ,6OQ.~---------~?;?l.---------~?~91---]~ __ ;..\ ..... _3.8 ___~Jl . .._. ~. Z 
___ _ -.!2:~ 1991 T Near Marker 11 . _ _ . ___ r_~,900L ____ m~~;§L ___ m_~~~~ 6Q _ _ ~r---1.0 _ __ Q~~ . ___ _ ..!?~? 

17-C 1991 T Near Marker II 18,2oo! 29.4i 30.61 62 1.1 1.4 1.1 1.2 

r-------------1 L. __ _________ .. - Above TEL II.-_ ....... ..!ll - Above PEL 
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Cedar Hammock Creek 
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Sediment metal concentrations from the Cedar Hammock Creek 
watershed illustrated with the linear relationship (and 95 % confidence 
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. A verages and sums computed only if analytical 
values were greater than the method detection limit. 

Compound 

Percent Organics 

(~~/klLdry wt2----------I 
Acenaphthene 
Acenaphthylene 
Anthracene 

Benzo(a)anthracene 

Benzo(a)pyrene 

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

Benzo(k)fluoranthene 

Chrysene 

Dibenzo(a,h)anthracene 

Fluoranthene 

Fluorene 
Indeno( 1.2,3-cd)pyrene 
Naphthalene 

Phenanthrene 

Pyrene 

1-Methylnaphthalene 

2-Methylnaphthalene 

Sum of detectable PAH 

CH-l 

4.2 

<68 
<27 

33 X 

I 

------------670-,;F4ii 
920 *F4211 

CH-2 

0.8 

<61 
<24 

<4.9 

40 

87 

1500 *F42 140 
1500 *F42 200 X 

I CH-3 CH-4 

2.8 2 .7 

<79 <660 
<32 <260 

43 !--------------g-f----x 

II 710 *F421 980 

II 970 *F421 1000 

1500 *F42 1800 
1600 *F42 1400 X 

600 *F42 59 660 *F42 740 
1000 *F4211------------i-io-------- ~ 1400 *F42 1500 

1200 *F42~ ~~~=~~~~~~~~~~~~~~~~~~~:1~~==~88~0=*";F=42~1===,;,;600",,,;,,==lX 

< 14 
900 *F42 

<27 
----------------------.--.. 

530 *F42 

1500 *F4211 

170 

490 X~ 

------------_._----------, 
13.513 ! 

230 

< 12 
99 

<24 

49 

140 

<24 

<24 

1,202 

X L _________ ~?_~_~~~_~ 3800 
<16 b====<==13~0===9 
960 *F42 1ooo-r 

<32 <260 

II 690 *F42 890 

II 1600 *F42 2300 

320 <260 

II 510 XII 760 X 

r--------i4~543------- 16.853 

,-----------------1 L ______________ j = Above TEL 

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 
I'=======:llil = Above PEL 

X - Minimal precision btwn columns 

Compound CH-l I CH-2 I CH-3 I CH-4 Average 

Percent Organics 4 .2 0 .8 2.8 2.7 
(ug/kg dry wt of organics) 
Acenaphthene 0 
Acenaphthylene 0 
Anthracene 786 1,536 3,074 1,349 
Benzo(a)anthracene 15,952 5,000 25.357 36,296 20,651 
Benzo(a)pyrene 21,905 10,875 34,643 37,037 26,115 
Benzo(b )fluoranthene 35,714 17,500 53.571 66,667 43.363 
Benzo(g.h,i)perylene 35,714 25,000 57,143 51,852 42,427 
Benzo(k)fluoranthene 14.286 7,375 23,571 27,407 18,160 
Chrysene 23,810 13.750 50,000 55,556 35,779 
Dibenzo(a,h)anthracene 28,571 6,000 31,429 22,222 22,056 
Fluoranthene 59,524 28.750 96,429 140,741 81.361 
Fluorene 0 
lndeno( 1 ,2,3-cd)pyrene 21,429 12,375 34.286 37,037 26,282 
Naphthalene 0 

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

Pyrene 35,714 17,500 57,143 85.185 48.886 

I-Methyl naphthalene 4,048 11,429 3.869 

2-Methylnaphthalene 11.667 18,214 28.148 14.507 

Sum of detectable PAH 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 
activities 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 watershed with another 12% in industrial 
classification. High density residential (MFRlHDR) is the largest category (38 %) followed by 
open lands (24%). Most of the major drainageways are in surface ditches ofvarjing 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 ONDl-5 , LPD1-1, 
APD1-1, LPDI-2 , APDl-2 , ONDI-2, and ONDl-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 of 7 and 6 of 7 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 APDI-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, 
draininQ: subbasin LPDl-1 was enriched for copper (1.6) , lead (4.1) , and zinc (2.3), but had 
predic;ed loading rates of only 60-70 % of the max unum 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 stormwater, Bowlees Creek. 
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Figure 19. 
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Consolidated subbasins and location of sediment samplings conducted in 
1991 and 1999, Bowlees Creek watershed. 
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Table 13. 

VI 
tv 

Sediment metal concentrations from samples collected in 1998, 1997, and 1991, Bowlees 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. 

I· 

Station Date Tidal 

.. I3C·1 19991 T 

~~:~ +~ f· T 

I3C·4 19991 
IlC-5 199</ ' 

I3C-6 1999 Be:? ........... · 1999 

Description 

LJS 41 
57th Ave near 3rd 5t E 
Maj:ellan Dr ncar Golf Club 

, Magcll~~llCar 6?t~ Ave 
Tallevast Rd 

53rd Ave near IS5tCt E 
9th 5t E near Whitfield Ave 

IlC-7R 199?.L.... J ?,lh.St E iX;ai Whitfield Ave 
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Sediment metal concentrations from the Bowlees Creek watershed 
illustrated with the linear relationship (and 95 % confidence intervals) of 
metal to aluminum in pristine sediments. 
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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. 

N one 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 (LPD1-1) 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 . Statiells BC-7, BC-
3, and BC-2 (downstream of subbasins ONDl-4, APD1-1 , LPDl-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 
LPD 1-2) had the highest total P AH concentration within Bowlees Creek, exceeding 600,000 ,ug/kg 
but stations were still less contaminated overall then the Cedar Hammock Creek stations . Stations 
BC-3 , BC-7, and BC-1 (subbasins APD1-1, ONDl-4, and ONDl-5, respectively) also have 
relatively high PAH for the amount of observed organic matter. Fluoranthene, followed by 
pyrene, chrysene and benzo(b)fluoranthene were those compounds in highest abundance. 

PAH 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% (MFRlHDR) , 
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. 
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Table 14. Polynuclear aromatic hydrocarbons (PAH) 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. 
Maximum enrichment of copper in 1999 was 2.8 at subbasin WB3 near the Sarasota Ken.'1el 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 ·shes within the 
watershed, but no concentrations exceeded PEL values. This is again due to the water velocities 
of the drainageways 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 WE3 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 \Vhitaker 
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, DB , 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 DB, D9, WB7 , and/or WBB . 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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Consolidated subbasins and location of sediment samplings conducted in 
1991 and 1999, Whitaker Bayou watershed. 
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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 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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Sediment metal concentrations from the Whitaker Bayou watershed 
illustrated with the linear relationship (and 95 % confidence intervals) of 
metal to aluminum in pristine sediments. 
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Whitaker Bayou watershed sediments were generally higher in bulk concentrations of PAR 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 U.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 PAR / 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 U.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 (3.0 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. 

Ri 

Polynuclear aromatic hydrocarbons (PAR) in the sediments of the Whitaker Bayou watershed. Averages 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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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 95th 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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Sediment metal concentrations from the Phillippi Creek watershed 
illustrated with the linear relationship (and 95 % confidence intervals) of 
metal to aluminum in pristine sediments . 
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(PC-lO) 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 normalize 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 normalized 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 (PAR) in the sediments of the Phillippi Creek watershed. Averages and 
sums computed only if analytical values were greater than the method detection limit. 

Compound I'C·I 1!'C-2 1 !'C-2R I'C·) !'C-4 !'C·s !'C-<I 1'C·7 !'C-8 !'C.' !'C·IO Anrage 

(ug/kg dry w.) 

Acenaph.hene < 70 < 170 < 140 < 83 <61 < 160 98 Xl 610 Xl < 1000 < 72 <320 79 

Aconapillhylonc ::~:~:::::?'?' : : :: ::: : :[::=j:C:=::J <54 r::: : : ::!:i~: :: : :: :] <24 <64 < 28 <420 <29 < 130 33 

Anlhract!1lC < 5.6 < 14 < II < 6.7 < 4.9 < 13 < 5.6 <83 < 5.8 <26 103 

U!!llzo(a)alllllral'c!llt' 8 .4 < 14 <II 18 < 4.9 35 
1········· 99···· .. .. ·· 

56 605 

Bcnw (a)pyrcllC 19 X < 14 < II 44 X < 4.9 56 I:::::::::::i:ii.:::::::::: 78 X 498 

Uenzo(b)l1uoranlhcnc 26 18 12 77 8.3 X 82 230 140 150 764 

llenzo(g,h,i)pcryitnc 54 X 48 <27 89 < 12 86 X 270 X <210 ISO < 65 694 

ilenzo(k)lluaralllhcnc 12 X < 14 < 11 32 X 15 X 34 X 100 X 2700 '1'42 93 58 X 51 332 

Chrysene 19 <14 13 48 <4 .9 54 
I .. · .............. · ...... ··· 

6000 '1'42 ···:=:::T~:::::::I::==:::I:~O':::::::::f: :::::: !: i:o. ::::::::: ' 220 720 
1 •••••••••• _ •••••••• _ ••••• 

Dibenzo(a,h)anlhracene < 14 <34 <27 [::=:=):~::::::::::l < 12 < 32 < 14 2400 X <210 L... ......... ~I ....... ~. <65 270 

Fluoranthc::ne 48 X <34 <27 73 < 12 120 430 'F42 18000 '1'42 220 180 X 330 2099 

Pluorc:ne < 14 <34 <27 <17 < 12 < 32 < 14 270 <210 < 14 < 65 30 

Indena( I ,2,3-cd)pyrcne 19 X <34 <27 50 < 12 44 74 'F42 3300 'F42 <210 91 < 65 387 

Naph.halene < 28 <69 <54 < 33 <24 <64 <28 <420 <29 < 130 0 

Phenanthrene 18 X < 14 11 14 <4 .9 29 I==:::::::i:ii.=::=::: 26 64 598 

Pyrcne 22 <34 <27 44 < 12 69 330 150 [::::!:?o.=: : ::~: 1168 ..... -.......... _ ....... 
I· Me.hylnaph.halcnc <28 <69 <54 70 X <24 < 64 <28 <29 < 130 38 

2-Me.hylnaph.halenc <28 <69 <54 <33 < 24 <64 <28 2600 <29 < 130 289 

... __ . __ ........... 
I 73,280 Sum af de.ec.ablo PAH 344 148 36 713 23 609 2,OBI 1,140 1, 134 1,009 8708 

[~:~-=-J - Above TEL c:J - Above PEL 
F42 . Diluled far analysis X - Minimal precision btwn columns 

Compouod !'C-l I PC-2 I PC-2R I !'C.) I 1'<:-4 T I'C·S T !'C-<I I !'C-7 I !'C-8 !'C·9 II'C.IO Aver'ICe 

Percent Organics 3.9 11 .5 6.2 7 .0 1.9 17 .0 4.4 7.7 8.6 10.3 1.9 

\~$!.~.g~ry I':.af~rganics) 
Aconaph.hene 2,227 7,922 923 

Accnaph.hylenc 2,538 713 1,714 451 

Anthracene 12,078 1,()<)8 

i3cnzo(a)an.hracene 215 257 206 2,250 67,532 1,012 670 2,947 6 ,498 

i3cnzo(a)pyrene 487 629 329 2,727 53,247 1,628 864 4,105 5,368 

i3cnzo(b)lluaran.hene 667 157 194 1, 100 437 482 5,227 SO,519 2,558 1,359 7,895 8,304 

i3cnw(g,h,i)pcrylcnc 1,385 417 1,271 506 6,136 74 ,026 1,456 7,613 

Benzo(k)lluaran.hene 308 457 789 200 2,273 35,065 1,081 563 2,684 3,652 

Chryocnc 487 210 686 318 5,000 77,922 1,512 1,165 5,789 7,830 

()i~nzo(a.h)anlhraccnc 486 31,169 592 2,878 

Fluoran.hene 1,231 1,043 706 9,773 233 ,766 2,558 1,748 17 ,368 22,643 

Fluorene 3,si>6 319 

Indcno( I ,2 ,3-<d)pyrcnc 487 714 259 1,682 42,857 ,,~ 883 4,182 

Naph.halcnc 0 

Phenanlhrene 462 177 200 171 2 ,5!XJ 67 ,532 2~2 3,368 6 , 4~8 

I'yrenc 564 629 406 7 ,50U 127,273 2,907 1,456 8,947 12,662 

I -Mcthylnaphthotlcllc 1,000 3,506 410 

2. Me.hylnaph.halcnc 33,766 3,070 

Sum of dc:tc:clahle PAil H,K31 1,287 581 10, IKe. 1,226 3 , ~82 47 , 29~ 9~ 1 '(>88 13 ,256 11 ,11111 ~3 , lOS 94,357 



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 that peor housekeeping practices were 
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·-aiscarded 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 PAH) 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, 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 stormwater 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 stormwater 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 
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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 anthropogenic ally 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 unlik~ly. 
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 anthropogenically 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 modeling . 
Sediments from areas of the tidal Hudson Bayou that were recently dredged appear reduced in 
concentration over 1991 levels . -/' 

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 
U. 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 U. S.41 
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, reponed 
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 PAH, 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, PAH concentrations were sufficient in 
many instances to make biological effects probable, panicularly 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 P AH 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 PAH within this watershed . The highest normalized 
concentrations of P AH within Hudson Bayou were found in sediments downstream of the 
downtown region. The P AH 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 1..'1 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 subbas~ 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 of PAH with a few notable 
exceptions . In this instance, PAH 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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APPENDICES 



Appendix A-l. Business categories in the 1972 Sarasota City Directory and 
potential contaminant categories of pesticides (P), metals (M), and 
hydrocarbons (H). 

CATEGORY I P I ~ H CATEGORY 

A~ding Machines _ _ ___ ~ ~,.-H,-tI-B_Io_w_e~r._s_An_d_E_xh_a_u_s_t _F_an_s_-_M_F_R_S_ _____ _~ ___ H_ 
~gricultural Impl~~ent De~ _________ ~ __ H_ II-B_Iu_e_P_r_i_nt_s ______ ________ , ____ .-:-c--_H:-:-_I 
~ir Conditioning M H Boat Builders i M H 
Air Conditioning & Heating , M I H Boat Chartering And Renting Service l M H 
Air Conditioning Equipment & Supplies M H Boat Dealers-Repair And Supplies , M H 

~ir Conditioning Sales & Serivce : M H Boat Storage ----------t---J M H 
Aircraft Dealers M I H Boats ! ! M H 
AirportS i M I H Boulers-Carbonated Beverages I M H 
Aluminum MFRS M I H Boulers-Mineral Water i M H 
~lu~n~IE£~~:a_ti_o_n____________ M H _ Brokers-Yacht J M H 
Aluminum Products-MFRS M I H Builders Hardware li M H 
Aluminum-Store Fronts M I H Building Materials And Supplies I I M 
Ammunition MFRS , M I Buildings-Prefabricated Steel I M 
Amusement Devices-MFRS 
Amusement-Places Of 

! i M 1 H Hus Li. !1P_S J M I H 
P .. I -·--~·-B-us-i-~e-s-s-M-ac-h-,i-ne-s--S-=-a1-,--es-A-n-,d-:S:-e-rv-:i-ce--+! --t--I M~-'i"---'~:-:-~ 

Antenna Service ' M H Cabinet Makers k- H 
~~t~ques-Dealers And Restorers i H Cabs-Taxi I M i H 
Appliance Service . M _ H Cash Register-Dealers And Repairing J M 
Appliances And Tires------------- M ;- H Cemeteries 1 P I 
Armored Car Service M ! H Ceramic Products I ! M H 

H 

Armories M , H Chemicals-MFRS M H 

Art Goods _____________________ ; _____ -'_~~---- - Citrus Fruit Growers And ~~iEper~ ___ . __ ~ ___ • ____ _ 
Artists' Materials _ '. M ! Clubs ___ ~.1.-___ _ 

Artists-Commercial M ' H Clubs- Private P , 
Auto Leasing M " H Clubs- Tennis-Private ! P i 
Automatic Transmission Service I , M I H Communicating Systems I _-+-i _M_ -+-_H _ _ I 
Automatic Transmissions ' M H Concrete Blocks And Bricks I I M H 
Automobile Accessories And Parts MF M I H Concrete Prducts-Mfrs ! I M 
Automobile Accessories And Parts-Re i M H Concrete Products i I M 
Automobile Accessories And Parts-Wh , M IT Concrete Products-Mfrs ! ____ +.-:-M-,-.,--",H:--

1 
~utomobile Body And Fender Repairin M I H Concrete-Prestressed , M H 
Automobile Body Repairers M I H Concrete-Ready Mix : i M H 

i 
Aut0!TI0bile Dealers M I H Contractor-Plumbing 
Automobile Dealers-Used Cars __ ~____ ' M H Contractors- Painting And Decoratin 
Automobile Garages M H Contractors- Pipe Line 

, 1 M 
! I ; H 
r--T'-M 

H 
H 

H 
Automobile Painters M H Contractor's Supplies and Equipment li M H 
Automobile Parking I M H Contractors-Asphalt ! M H 
Automobile Radiator Repairers ' i M I H Contractors-Builders And Developers i 
Automobile Renting i i M H Contractors-Commercial ! 
Automobile Repairing i' M H Contractors-Electrical i ! M H 
~utomobile Tire Dealers And Repaire I M i H Contractors-Excavating And Grading--1 __ 
~ut()mobile T~iler Equipment ______ . ___ ~. I H Contractors-Fence Erecting ! 

Automobile Trailers-DLRS M I H Contractors-Heating And Ventilating 

M H 
--' M---

-" M- II 
Automobile Trailers-Rental M I H Contractors-Marine i M H 
Automobile Transport Service M I H Contractors-Paving M H 
~.:t!~mobile Jri~ers And Trimmings -.--L--~-- _. __ H_ 11_c,-0_n_tr_a_c_to_r_s-.,.R_o_ad-,-.,. __ -::--,--____ .,: ___ . __ -i,"--MM • HH 
Automobile Washing ' M H Contractors-Roofing And Siding ; 
Automobile Washing And Polishing i M H Contractors-Sewer And Drain i I M 
Automobile-Air Conditioning i M H Contractors-Stucco I I M 
Awnings & Canopies M Contractors-Waterproofing i H 
Bakers-Wholesale And Manufacturing P Dairy Products i P I 
Battery Dealers And Service M Department Store-5 Cent to $1.00 1 M H 
Beer Distributors M I H Department Stores 1 M H 
Bicycles Dealers And Repairers ! M H Display Racks-Wire 1 M 



CATEGORY CATEGORY 
Doors-Folding ' M I Ice Dealers I i M H 
Electric Motors I M H Industrial Supplies-Who I M 

Electric Motors And Generators-D1rs M H J-::I_nk_ M_f_r:_s-".W.......,ri,..,ti""ng"-:---------,--- -:M-:--"'H:----1 
~1.~~:~~~~Jl~.i.a.nces -- ----.------.-~--.--.!f-~_ an~Steel Wo~ ___ .. __ __ . ____ ._ ..... __ . ___ .... _~_._. __ H_ 
Electrical Appliances-Sales And Ser M H Irrigation Companies ' M H 
Electrical Contractors M H Irrigation Equipment and Supplies-D ! ' M H 

~lec~rical Equipment And Supplies-D _ M H Junk Dealers t-- ~~~ 
.~.!:.:.~ronic Equipment And Supplies I M 1 H Kitchen Cabinets and Equipment _ .. _+ ___ ~. __ ~_ 
Engravers-Photo j ! M i Laboratories l i M H 
Equipment Rentals M ! H Landscape Gardeners 

Expressing And Moving M I H Lan:.:.:.:.:d-"-sc_a-'p_in-'g<--______ . ___ -'-_--'_ -,--_-:---t 

Exterminators P Lawn Mower Repairs I _ __ .. _~ _ _ I 
Fastener MFRS ------------·-·--·----~~r~-ir- Lightin-gEquipment Dealers --------T 
Fertilizer and Seeds P Locksmiths ; 
Filter Mfrs M ' H Lumber - Retail I 

!'i~e Apparatus and Supplies M L.!:!... Machine Dealers I 
Fire Extinguishers 1 ! M I H Machinery Manufacturers I 
Fire Protection Service i i M I H Machinists -_ _ __ _ lr-.----ii-:-::-"-"-=--i 
Food Products Mrfs-Prepared I P i I Marinas .1 M 1 H 
~ru!.t_9i!t-Gr~~_ers and Shippers , P I I Marine Supplies - -----Ir-::-+ I ~~-!-H-
Fruit Growers P -·r-- Memorial Parks I P ! . 
Fuel and Range Oil M : H Metal Dealers I : M H 
Fuel Oil M H Metal Goods Mfr ... ' _ ..... !_ M ___ H-t 
Fu~t:~al DI~~~Es_. _____ . ________ _____ ____ M.._ :. __ :':_-_'-.1 '!v1:-_-::i:.:.m"-'e-~=-g_.::..ra:.:p:h;;i"'n..:g;~~~~_~~~~-=---. --.-, M H 
Funeral Directors' Supplies Molding Manufacturers -i---- ~M-- ·-H-
Furniture Finishers H Motor Scooters .1 M H 

I~F=-u-rn-i:_tu-r-e-:M::--fr-s_:__:_-------------M-+i H Motorcycle Dealers ;! M H 
!':'~E~iture Repairing ________ . __ J H Moving and Storage M H 
Furniture Repairs i H Moving Vans ------------ -;- M---H-

Garage Door Mfrs M H Newspapers I M H 

Garbage Collection Service M H Nurserymen ___ --+1 -U--- -
1-:9:-a:.:.r-:-~ec.!._n"' __ '-an-"-_d-:-7La·:.:.:.w-=n-':I:-m=-p--:1e-m-'-e-'-n-t-s--::D=-e-a"'le-r-s --P::---_-'-_-"-.-_+-L-._-_'-·.~ -::O--':ff . .cs,e:.t,_P:,--r'::in,-t..:in-:g7--::c::-:---:-___ _ 1 __ -' M _. _H_ 

Garden Supplies P Oil And Gasoline Wholesale i! M H 
Gardeners-Landscape . P Oil Burners-Sales And Service ! : M H 
Gas Appliances-Sales And Service 
Qas Liquefied Petr(jleum-Bouled and 
Gas-Bottled 
Gasoline Stations 
Glass Dealers-Stained and Leaded 

M ! H 
:. __ L M I H 

M i H 
M i H 
M ! H 

1 M H 
Oils & Lubricants-Dealers ! 1 M H 
Oils And Gasoline-Wholesale I 1 M H 
Ornamental Iron Works ! ' M H 
Paint j i H 

Glass Mfrs M ! H Paint and Body Shops-Automobile i I M H 
Glassware-Mfrs--------------~:--::H'-II':P-"-a::.in::.ti-=n::.g-=::I-=nd7u-=S"-tn-=· a-'-=l-=-'--"--''-''-''c::.:.:.::.:c:.::...-- - +I--r--i - M'-'-- -:H=-=-'I 

Golf Cars M I H Paint-Marine and Automotive li M H 
P i ! Golf Courses-Private Paint-Retail 1 : M H 

Hardware-Retail 
Heating and Air Conditioning Contra 
Heating and Ventilating-Contractors 
Heating Apparatus and Appliances 
Hose Mfrs 
Household Appliances Repairers 
Household Appliances-Dealers 
Household Appliances-Mfrs 
Hydraulic Equipment and Supplies 

, 
P , , 

M 
i 

H 
M H 
M H Pesticides-Wholesale-Distributors P 

-::c::--I:~-::-:--:--:--'--'---=-'----~-------I 

"M -L_!!.. ~-i:.:m:::·s:.:he.c.:r-"s--_--._---_~-_- --_:M--:----I 
M ' . H Photographers M 
M I H Photographic Apparatus Dealers & Re I , 

I i M ! M I H Photographic Developing and Printin , i M H , M H Piers, Docks and Wharves 
M H Plastic Products-Mfrs I ! M H 

I M I H Platers I i M H 
I i M H , I ! H Plumbers 



CATEGORY I p I M H CATEGORY P MI H 
Plumbing Contractors M I H Television Sets-Sales and Service i M H I 

Plumbing Fixtures and Supplies-Whol M I H Tennite Proofing P i 
Plumbing Supplies-Dealers , , , M I H Tile Mfrs-Building ! I M H 

,~~~~!._,!:~~~nd _~9\lJp_~.t:.J:lt ______ . __ ~ M i H Tire Dealers and Repairing : i M H 
.----.--' - - l------

Printers M H Tire Dealers-Whol M H 
Printers ' Supplies and Equipment M ! H Tool Mfrs , M H 
Printers-Book and Commercial M H Tools-Rentals i M H --- -
Publishers , , M ; H Trailer Dealers I I M H 

.--; 
Pump Repairers ! , M H Trailer Parts and Furniture I I M H , 
Radio and Television Repairing , M I H Transfer Companies ! I M H 
Radio and Television Sets-Sales And I ! M H Transportation Lines M ' H 
Refri~eration-Commercial and Indust : M ! H Tree Surgery i P I , I 

Refrigerators-Sales and Service ; ! M I H Trucking j i M H 
Refrigerators-Whol , M I H Trucks-Leasing I I M H 
Rental Centers M , H Trucks-Motor i M H 

Re!l!~~~.9~p~~~ __ ::!:.?ols j i M I H Trucks-Repairing I i M H I 

Repair Shops , j M H TV-Weeldy Cable Guide M i H 
Repairs-Authorized Service i I M H Used Cars L-- - M ; H 
Roofers i , M H Utilities I I M ! H 
Saw _~ilers . Setters and Repairers I I M H Utilities-Water-Sewer M i H 
Scientific Instrument Repairers I i M H Vacuum Cleaners-Dealers and Repairi r M H I 

Scientific Instruments-Mfrs i I M I H Vacuum Cleaners-Mfrs I M 
, 

H I 

Screens I M i H Venetian Blinds-Mfrs ! M 
; 

H I 

Seeds-Whol P , Water Pumps-Sales and Service i M H - - - -- -- -------.. ---- ----.-
Septic Tank Cleaners M H Water Softener Service i M H 
Sheet Metal and Duct Work M . H Water Supply Companies ; i , 
Sheet Metal Workers ! M I H Welders and Brazers ) 

, 
M H 

" 
. I 

Sheet Metal Workers Supplies 
; 

M H Welding I M H 
i ! 

Shopping Centers M H Welding and Cutting Apparatus , r M--Il ; , 
Sign Painters and Mfrs M I H Well Drillers and Borers ) 

, M H I 

Sod-Certified P i Wire and Iron Work I I M H , 
§~ding-Commercial Residential P Wire Roe and Cable Dealers M H 
Storm Doors and Windows M H Wiring-Electrical ! ! M H 
Television Repairing M H I i 

I 



Appendix A-2. Number, density, and relative ranking of the contamination potential of historical (1972) businesses, 
Hudson Bayou watershed. 

Basin size Potential Sources er Subbasin Ranks Ranks Ranks Averge 
Subbasin (acres) # Pest. # Metals # H droc. #Pest.lacre #Metals/acre #Hydroc.lacre Pest.lacre Metals/acre H droc.lacre Rank 

020101 . 9.81 O! II I ! O.OOO! 0.I02! 0.102! I ! 40! 41 27.3 ................................................. .. .......................................................................................................... :-................................................. ~ .................................................. ~ ...... ............................................................ : .................................................................. ':" ................................................................... : .............................................................. -: ................................................................. :......................... .................................... .. ........................................................... .... . 
020102 16.91 O ~ 11 I ~ O.OOO ~ 0.059~ 0.059 ~ 1 ~ 39 ~ 39 26.3 :I!f =: !if:~~lE ::~f=: l~F ::, t~T:::::~~E=~!F:,:=: lE:::~I=,~~;:r :~1l:1 

--020203'- -,. "w,· "'9i 'jf" ,. '''''''''''''''IT''''· ,,,w·"·-'24r,,,,,,,,,-w"i41"'" """_w.w '"o:o'!'i:-''''''·''''"''·'''ci·256{,,,-,,,,,",w.,wo:i56r'·w,,,- '·"""'·'47{,· """,···,_·",·w"46'r'"'''''''''·'·'··'-'''46 ·'''''. "",. w·"'46:3 
........................ ..... ... .. ............ .. ~ ............ , .. .......... ;. ... , ... ..... ,., ......... ~ ................... .. .. . : .................. .. ... ......... . : ..... ............................ : .. .... .. .. .. ......................................... ......... .... :" .. ........ ................ .. -: ............... ....................... ....... ", ... ......... . 

020302 117.4i O ~ 11 L 0.000 ~ 0 .009 ~ 0.009 ~ L 34 ~ 34 23.0 

]I~lf:~~~E~011 __ :~~E~fml~-~~ImE~~-±=3===~ 
020308 146.8! 1 ~ 11 O ~ 0.007 ~ O.OOT 0.000 ~ 45 ~ 33 ~ 1 26.3 

020311 104.6\ 01 2\ 2! O.OOO! 0.0191 0.0191 I! 351 35 23.7 

.~.::~~~jj~::.:: .::::::·.·.·.·.·.·.·.Ii.~··O" lC·:·.·.:·.·.·~:·::·.::::::·:§r::····::::::·:·::···::::::~r::::::··:::~::::···::9.r·::·:·.:::·.:·.· .. ·.·.:·~:§~.q9.g.C::::::·:·.·.·::~:::::·~;9.§9.r:·~.:::·.·.·.·.·:::·.:·.:·.·:o.~:~r·.:::::·.·::::· .~::::::·:·.:·.·.Ir:·.·.:·.:::·:·:::·:·.::::::·.:::::n:·.:::·::~·::·.· . · . ·.·.· .·.·.·.:::·.::·.I :::·~:: ·:·:·:~:::·::·.:::·I:9 
020316 5.6, O ~ O ~ O ~ 0.000~ 0.000: 0.000 ~ L L I 1.0 ., ....... w., .. '" .. ,"' ... ·.w ... · ·, ..... · ... w."".·.·.·.·.·.· ... w.·.+ '".·.· .·.·.·.·.'w ... ,·.·.·.·.·.·.w.·:· .. , ... ·.·.w .......... · ... w ..... w • .; ••••••••• ·.w.·.w.·.·.w.·.·.·.· ... ·.':.·.w.·.· ... ·.·.·.·.· ....................... w .............. : .... wu ......... wmu ......... '"n.· ........... : .. , ......... , .................................... --.. ...... ,., ........................... ,., ............. , ............. :" ..... , .... , ..... , ......................... --.. ........ :w ............. _",., .... , ...... , ................. ·.".·.·.·.·.·.·.,·.·.·.·.·.·.·.·.·.·.·.·u.·.·.w.· 

020317 52.8! 01 01 O ~ O.ooo! 0.000! 0.0001 I ~ 11 I 1.0 ····o2oj·i·s···· ··············4;:i:s·i ········· ·············i·:············ ·· ·······0)"· ·· ···· ····· ·········0·:··· ··········· ····· ··6:oi·i·:·····················O·:OOO]"····· ······ ·········0:000:·························5·0]"···· ·· ······················i·:············· .. ····· ········, ·····················17:3 

lit~ ;:--~l;~01[-:;E:- 110;::::~E:~tm[=0=;Im[0;~±~~::::~§I·~~ 
020324 4.3 j O! 01 O! O.OOO! O.OOO! O.ooo! Ii 11 I 1.0 

~::9~9.j~I:~ ::::::::::·::·:::?Ts.r:·:·:·.:::::::::::::·:o.r:·.·.·.·. ·.·.·::::::::·~~O'[::::·.:::·.:::·.:·.:::·9.r: .:·.·.:·::·.·::·.· .·:::::·.o.;~I:·.:·:::·.·:·.::::::::·::·~;9.g~r:·:·:·.:·::·::·.:·:·:::·:::·:·:o.~:g~r.·:·:·.:::·.::·::·.::::·:·:::~·.::xr.:·.·:·~::::·.::·:·::::·:·.:·.· .·:·.:jT.·::·.:·.·~.::.::·.:.::::·:·~ ::::·.L.:::·.:·.·. : · . · ... ::~.::::::I:~ 
020328 7.2! 0 : 01 O! O.OOO! 0.000! 0.000 : Ii 1: 1 1.0 .... , ............ , ......................... , ., ......... , ...... ·.·.· ... w.·.·.·.·.·.·.·.r ... ·.· ... · ................. , ........ .,.. ..... .•. ................. , ............ , ............ ) ......... , ........................ .................................................. ,·.·.·.· ......... ·.·.·.·.·.·.·.·.·.·.·.·.·.·.w.·.·.·.·.·.·.w .... , ............................... , .................. ·.·.·.·.w.·.·.·.·.·.·.·.·.,,·.·.·.·.·.·.·.·.·.·.·,.·., ... , ...................................•............... ·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.w.·.·.·.·.·.·.·.·.·,.·.·.·.·".·.·.·.·.·.·.·.·.·.·.w.,·.·.w.· .............................................. .,.. . .,.. .. . 

020330 19.6) 01 01 0: 0.000: 0.000 : 0.0001 1: Ii I 1.0 

.... .. .................... , .. .. ................ . ~ ...................... ... :- ... ... ................. 't· ····· ................. ': ............ , ....... .. ... .. .. .. .. : ................ .. ... ......... ... : ....... ............. ... .......... : ....................... ........ : .............. .... .... ......... : .. ............... .. , ......... ,' ...................... ...... . . 
020333 23.6 ) O ~ 01 O ~ 0.000 ~ 0.000 ~ O.OOO ~ 1: 1 ~ 1 1.0 

020401 9.1 i O! 01 O ~ O.ooo! O .OOO ~ O.OOO! I ~ I ! 1 1.0 
.""",.""""""",,, "'" ....... ", .. """",,+w.,," .. ''""''''''''''''"'''''''.''' .... w., .. ''''' .. '''I'''''' ·.'''·.·.--w ..... '''' .. 'w ......... " .. w ••••••• , •• , •• ,""", •• "'.:",·.", •• w ... , .. ""'.w.,,, .... w ••• • ;- ·.w.·.·.· ·· .•• ",.""w ... ", .. """: ... ,, .......... , .... , ..... .,.. . ..-., ............. ; ............ .,.. ... .,...", ............ , .. w.·.,,:.,·.,·,.·.w.,· ..... ·· ..... ........ ............ ·.,·.·.w."v.·.·.·.·.·."w.·.·."",· .... 

020402 3. 7 O ~ 0 O ~ O.OOO ~ O . OOO ~ O.OOO~ I ~ I ~ 1 1.0 



Basin size Potential Sources er Subbasin Ranks Ranks Ranks A verge 
Subbasin (acres) # Pest. # Metals # Hydroc. #Pest./acre #Metals/acre #Hydroc.lacre Pest./acre Metals/acre Rank 

020403 4.91 0 : 01 o! o.ooo! o.ooo! O.OOO ! L I ! I 1.0 

020406 7.1 i O! o t O! O.OOO! O.OOO! O.OOO! I ! 1: 1 1.0 .. ...... ....... ........ . .... .. .... .... ...... .. " j '" .... ............ ...... ~ ..... ....... .... ........ ~ ... ..... .... ............ , ................................. ~ ....................... .... ..... , .. .. .. ........... ...... .. .... ... ~ ...... ..... .................... , ....... .................. ...... ~ ............ .. .. .. ....... .... . ... ..... .... .. ..... ..... ..... . 

020407 2.71 O! Ot 0 , O.OOO! 0.000, 0.000: 1: 1: 1 1.0 

020414 6.71 O! 3 \ 3 ! O.OOO! 0.451 ! 0.451 ! I ! 51 ! 51 34.3 ····0204'i'S· ··· ·················5·:0·1, ········ .. ······· ····0!······················Ol'······· .. · · ··· ·······O]'· ··· · · ·· ············6':OOO! ·· · · ····· ··· ···· ··· · ·O~·OOO]'·· · · .. ··············0:oooi··········· ·· ········ ·······1 ]'········ .. ·················'i'i···················· ·· ······l ·······················}·:O 
·····"o204i6" .. ""''' ...... ,· .. 'lo·:'gf'''''' .......... ' .... oT' ..... '' .. ' ........... Or ·· ........ ·· ...... ···oT'· ... ····· ... ,,· .. ········ .. ·o·.·oooT .. · ...... · ........ ·O:OOO!· ...... ··,,"' ... ··,,·· .. ·O·:oooT'''''' .. ''''''· .. ,,· .. ····· .. ·iT .............. ··,, .......... IT''·· ...... ···'''·,, ....... ··· " .. i"···""''' .... ,,··" ....... ·i:·o 

1iSf =~;I~L.~.~E~==!L-~~lIml~:j:.].!E~_ll~ijjj_f[~~::- ~ iu -~ ~j_J _~=~J~ 
020420 3.4; O! Ol 0 , O.OOO~ O.OOO ~ O .OOO ~ 1 ~ 1 ~ 1 1.0 ......... ~.i.#.~.i. ....... " ............................. (~.:.·~I·.·.·.·.· .·.·.·.·.·.·.·.·.·. · . · . · . · .··.·9.r.· ·.· .................................. 8..[ ........................................ ~.: ....................................... §.:.9.q9..: .......................................... Q.:.~~~.l'.' ..................................... ·9.~·7.~~.r.·.·.·.· · .· ·.·.·.·.·. · .·.· .·. ·.·.·.·.·.·.· ......... x.: ............................................. ·.·.·.~·9.r.·.·.·.·.·.· ......... ·.·.·.·.·.·.·.·.·.·.·.·.· .. ~ .. ~ ......................................... 3..~.~.~. 
020501 63 .21 0 : lot 9~ 0.000: 0.15S ~ 0. 142: L 43 ! 43 29.0 

•• • ••••••• • •••••••••••• • ••••••••••• •••• •• • ' " • • ~ •••• •• • ••••••• •• •• ••• • •• • • ••••••••••••• • ••••• •••• >, •••• • ••• •• ••••• • •• • ••••• ..: ••• •••••• •• • ••• • •••• •• •• •••• •• ••• • •• • •• • •• • •• • • • • •• •• • •••••• • ••• • • • : • • •• • •••• •• • • •• •••• •• •• •••• •• •• • ••••••• • •••• • • • ••••••••••••••••• ..: ••••• ,. ... . • • •• • • •••••• •• • • •••• • ••••••• •• • • •• •• ••• •• ••• •••• •• • • • ••• • •••••••••••••••••••• • • • • 

020601 212.21 0 : 101 9 : O.OOO! 0.047 : 0.04i C 3S : 3S 25.7 
. ~" .... .... .... ............ ..... ..... . ····· .. · .. ··········· ·7· ........ ...... ·· .. · .. ··········· ·· .: .. .... .... .. .................... ~ ............. ... ... ....... ... ... : ............ .... .. ...... .... ............ -:-................................. ................ .......... ': .................... ....... .. .... .. .......................... . :-......................... ................................ : .. ................ .... .... .. .. .. .. .......... ........... :- .. .. .. ...... ............................... ............................... ....................................... , 

020701 12S.6 i L 24! 24 ~ O.OOS : O.IST O.IST 46 ~ 44 ~ 44 44.7 ·····02080·j··· ·· ······ ·········j ·j·:·i j'··· ··················i··j····· ·· ·· .. ···· ······6·!········· ········· ···6!·············· ····· ··O· .. o:i'iI····················O:·j·9i!············ ·· ·······o· .. i'9i·:···················· ····· ·s·j·:·························45'[··· ··· ········ .... ·· ·····45 ·····················4·'jj 

~ 



Appendix B-1. Present day SIC codes and descriptions of industries witin the priority watersheds. 
Contamination potential for metals (M), pesticides (P), and PAH(H). Potential = 1; 
U nJ"k I 0 I ely= 

SIC DFSCRIP MPH SIC DFSCRIP MP H 
0161 VEGETABLE & MELON CROPS o 1 0 3448 MFG OF PREFABRICATED METAL BUILDINGS 1 0 1 
0174 CITRUS FRUIT CROPS o 1 03449 MFG OF MISCEllANEOUS METALWORK 1 0 1 
0181 ORNAMENTAL NURSERY PRODUCTS 0 1 0 3451 MFG OF SCREW MAClflNE PRODUCTS I 0 1 
0191 GENERAL FARMS. PRIMARILY CROP GROWING 0 1 0 3469 MFG OF MISCE.UA."IEOUS METAL STAMPlNGS I 0 1 
0721 CROP PLANTING & PROTECTION SERVICES 0 I 0 3471 PlATING &< POUSlflNG 1 0 1 
0782 lAWN & GARDEN SERVICES .. 1 0 3479 METAL COATING &< ALUED SERVICES I 0 1 
0783 ORNA..'wfENTAL SHRUB & TREE SERVICES o I 03492 MFG OF FLUID POWER VALUES &< HOSE FITTINGS 1 0 1 
1541 CONSTRUCTION OF INDUSTRIAL BUILDINGS & WARE 1 0 I 3493 MFG OF STEEL SPRINGS. EXCEPT WIRE 1 0 1 
1542 OTHER NON· RESIDENTIAL CONSTRUCTION 1 0 1 3496 MFG OF MISCE.UA."IEOUS FABRICATED WIRE PRODUC 1 0 1 
1611 lflGHWAY & STREET CONSTRUCTION 1 0 1 3499 MFG OF MISCE.UA."IEOUS FABRICATED METAL PROD 1 0 1 
1629 OTHER HEAVY CONSTRUCTION 1 0 1 3531 MFG OF CONSTRUCTION MAcmNERY 1 0 1 
1711 PLUMBING. HEATING & AIR-CONDITIONING 1 0 I 3541 MFG OF MAClflNE TOOL'>. METAL CUTTING TYPE I 0 1 
1721 PAINTING & PAPER HANGING o 0 I 3545 MFG OF MACHINE TOOL ACCESSORIES I 0 I 
1731 ELECTRICAL WORK I 0 I 3549 MFG OF MISCELlANEOUS METALWORKING MAClflNE I 0 1 
1761 ROOFING, SIDING & SHEETMETAL WORK I 0 I 3564 MFG OF BLOWERS &< FANS 1 0 1 
1771 CONCRETE WORK 1 0 I 3565 MFG OF PACKAGING MAClflNERY 1 0 I 
1781 WATER WELL DRIlliNG 1 0 I 3569 MFG OF GENERAL INDUSTRY MAClflNERY I 0 1 
1791 STRUCTURAL STEEL ERECTION i 0 i j579 MFG OF MiSCEUAi'iEOUS OFFICE MACIllNE5 1 0 1 
1794 EXCAVATION WORK 0 0 I 3585 MFG OF REFRIGERATION & HEATING EQUIPMENT, AI 1 0 1 
2086 MFG OF BOTTLED & CANNED SOFT DRINKS o 1 I 3599 MFG OF MISCEllANEOUS INDUSTRIAL MAC:;HlNERY 1 0 1 
2099 MFG OF MISCE.UA."IEOUS FOOD PREPARATIONS o I I 3613 MFG OF SWITCHGEAR &< SWITCHBOARD APPARATUS 1 0 1 
2269 OTHER FINISlflNG PlANTS I 0 I 3621 MFG OF MOTORS & GENERATORS 1 0 1 
2434 MFG OF WOOD KITCHEN CABINETS 0 0 1 3625 MFG OF RElAYS & INDUSTRIAL CONTROL'> 1 0 1 
2439 MFG OF MISCE.UA."IEOUS STRUCTURAL WOOD MEMB 1 0 I 3629 MFG OF ELECTRICAL INDUSTRIAL APPARATUS 1 0 1 
2499 MISCELlANEOUS WOOD PRODUCTS MFG 1 0 I 3639 MFG OF MISCEllANEOUS HOUSEHOLD APPLIANCES 1 0 1 
2511 MFG OF WOOD HOUSEHOLD FURNITURE 0 0 1 3643 MFG OF CURRENT-CARRYING WIRING SERVICES I 0 I 
2514 MFG OF METAL HOUSEHOLD FURNITURE 1 0 1 3645 MFG OF RESIDENTIAL UGHTING FIXTURES 1 0 1 
2521 MFG OF WOOD OFFICE FURNITURE 0 0 1 3646 MFG OF COMMERCIAL UGHTING FIXTURES 1 0 1 
2522 MFG OF OFFICE FURNITURE, EXCEPT WOOD 1 0 13661 MFG OF TELEPHONE & TELEGRAPH APPARATUS 1 0 1 
2541 MFG OF WOOD PARTITIONS &< FIXTURES o 0 I 3663 MFG OF RADIO & TV COMMUNICATIONS EQUIPMENT 1 0 1 
2591 MFG OF DRAPERY HARDWARE, BUNDS &< SHADES I 0 I 3669 MFG OF MISCEllANEOUS COMMUNICATIONS EQUIP I 0 1 
2672 MISCELlANEOUS PAPER-COATED & lAMINATED MFG 0 0 I 3675 MFG OF ELECTRONIC CAPACITORS I 0 1 
2711 NEWSPAPERS I 0 1 3679 MFG OF MISCEllANEOUS ELECTRONIC COMPONENTS 1 0 1 
2721 PERIODICALS I 0 1 3695 MFG OF MAGNETIC & OPTICAL RECORDING MEDIA I 0 1 
2731 BOOK PUBUSlflNG 1 0 I 3699 MFG OF MISCEllANEOUS ELECTRICAL EQUIPMENT & 1 0 1 
2741 MISCEllANEOUS PUBUSlflNG 1 0 I 3711 MFG OF MOTOR VElflCLES & CAR BODIES 1 0 1 
2752 COMMERCIALPRINTL"IG, UTHOGRAPHlC 1 0 13714 MFG OF MOTOR VElflCLE PARTS & ACCESSORIES 1 0 1 
2759 MISCELlANEOUS COMMERCIAL PRINTING I 0 I 3728 MFG OF MISCE.UA."IEOUS AIRCRAFT PARTS & EQUIP 1 0 1 
2789 BOOKBINDING & RElATED WORK 1 0 I 3732 BOAT BUILDING & REPAIRING 1 0 I 
2799 MISCEllANEOUS PRINTING & PUBUSHING I 0 13799 MFG OF MISCE.UA."IEOUS TRANSPORTATION EQUIPM 1 0 I 
2851 MFG OF PAINTS & AllJED PRODUCTS 1 0 I 3822 MFG OF ENVIRONMENTAL CONTROL'> & INSTRUMENT 1 0 1 
2869 ~nSCE.UA."IEOUS INDUSTRIAL ORGANIC CHEMICALS I 0 I 3823 MFG OF PROCESS CONTROL INSTRUMENTS 1 0 1 
2893 MFG OF PRINTING INK 1 0 I 3825 MFG OF INSTRUMENTS TO MEASURE ELECTRICITY I 0 1 
2899 MFG OF MISCELlANEOUS CHEMICAL PREPARATIONS I 0 I 3827 MFG OF OPTICAL INSTRUMENTS & LENSES I 0 1 
2951 MFG OF ASPHALT PAVING MIXTURES & BLOCKS I 0 I 3841 MFG OF SURGICAL &< MEDICAL INSTRUMENTS 1 0 1 
2952 MFG OF ASPHALT FELTS &< COATINGS I 0 I 3842 MFG OF SURGICAL APPUCANCES & SUPPUES 1 0 1 
3089 MFG OF MISCE.UA."IEOUS PLASTIC PRODUCTS I 0 I 3845 MFG OF ELECTROMEDICAL EQUIPMENT 1 0 1 
3211 MFG OF FlAT GLASS I 0 I 3873 MFG OF WATCHES , CLOCKS, WATCHCASES &< PARTS 1 0 I 
3231 MFG OF PURCHASED GLASS PRODUCTS I 0 I 3914 MFG OF SILVERWARE & PlATED WARE 1 0 1 
3253 MFG OF CERA..' .. nc WALL&< FLOOR TILE I 0 I 3931 MFG OF MUSICAL INSTRUMENTS 1 0 1 
3261 MFG OF VITREOUS PLUMBING & BATHROOM FIXTURE I 0 I 3949 MFG OF ~nSCE.UA."IEOUS SPORTING &< ATHLETIC GO 1 0 I 
3269 MFG OF MISCEllANEOUS POTTERY PRODUCTS 1 0 I 3993 MFG OF SIGNS & ADVERTISING SPECIALTIES I 0 1 
3272 MFG OF ~nSCEllANEOUS CONCRETRE PRODUCTS 1 0 I 3999 MISCE.UA."IEOUS MANUFACTURING INDUSTRIES 1 0 1 
3273 MFG OF READY-MIX CONCREfE 1 o 1 4119 MISCEllANEOUS LOCAL PASSENGER TRANSPORTATI 1 0 1 
3281 MFG OF CUT STONE & STONE PRODUCTS o 0 I 4121 TAXICABS 1 0 1 
3312 BlAST FURNACES & STEEL MILLS 1 0 14131 INTERCITY & RURAL BUS TRANSPORTATION 1 0 1 
3354 MFG OF ALUMINUM EXTRUDED PRODUCTS 1 0 I 4212 LOCAL TRUCKING WITHOUT STORAGE 1 0 1 
3363 MFG OF ALUMINUM DIE CASTINGS I 0 I 4213 TRUCKING , EXCEPT LOCAL 1 0 1 
3399 MFG OF MISCEllANEOUS PRIMARY METAL PRODUCT 1 0 14214 LOCAL TRUCKING WITH STORAGE 1 0 1 
3429 MFG OF MISCE.UA."IEOUS HARDWARE 1 0 14215 COURIER SERVICES, EXCEPT BY AIR 1 0 1 
3433 MFG OF HEATING EQUIPME."IT, EXCEPT ELECTRIC I 0 14231 TRUCKING & TER.\ilINAL FACIUTIES I 0 I 
3441 MFG OF FABRICATED STRUCTURAL METAL I 0 I 4311 U.S. POSTAL SERVICE - POST OFFICE I 0 1 
3442 MFG OF METAL DOORS, SASH, AND TRIM I o I 4493 MARINAS 1 0 I 
3443 MFG OF FABRICATED PlATE WORK (BOILER SHOp) 1 o I 4499 MISCEllANEOUS WATER TRANSPORTATION SERVICE I 0 1 
3444 MFG OF SHEET METALWORK I 0 14513 AIR COURIER SERVICES 1 0 I 
3446 MFG OF ARCHITECTURAL METALWORK I 0 I 4581 AIRPORTS . FLYING flELDS & SERVICES 1 0 1 



SIC D~CRIP MPH SIC DESCRIP MP H 
4789 MISCELlANEOUS TRANSPORTATION SERVICES I 0 15984 UQUIAED PETROlBJM GAS DEALERS 1 0 1 
4932 GAS & OrnER SERVICES COMBINED 1 0 17261 RJNERAL SERVICES & CREMATORIES, UNDERTAKERS 1 0 0 
4952 SEWER & SEWAGE UTIUTY SYSTEMS 1 0 07334 PHOTOCOPYING, XEROXING & DUPUCATING SERVIC 1 0 1 
4953 REFUSE SYSTEMS (lANDAl..L'l . ETC.) 1 1 1 7335 COMMERCIAL PHOTOGRAPHY 1 0 0 
4959 MISCELlANEOUS SANITARY SERVICES 1 0 1 7336 COMMERCIAL ART & GRAPHIC DESIGN 1 0 1 
5012 CARS, AUTOMOBILES & OTHER MOTOR VEHICLES 1 0 1 7342 DISINFECTING & PEST CONTROL SERVICES, EXTER..\{J 0 1 0 
5015 USED CARD, AUTO & MOTOR VEHICLE PARTS 1 0 1 7353 HEAVY CONSTRUCTION EQUIPMENT RENTAL 1 0 1 
5033 ROOANG, SIDING & INSULATION 0 0 1 7359 MISCELlANEOUS EQUIPMENT RENTAL & LEASING 1 0 1 
5039 MISCELlANEOUS CONSTRUCTION MATERIALS 1 0 1 7384 PHOTOANISHING LABORATORIES 1 0 0 
5051 METALS SERVICE CENTERS & OFACES 1 0 1 7394 EQUIPMENT RENTAL & LEASING 1 0 1 
5063 ELECTRICAL APPARATUS & EQUIPMENT 1 0 07513 TRUCK RENTAL & LEASING, NO DRIVERS 1 0 1 
5074 PLUMBING & HYDRONIC HEATING SUPPUES 1 0 07514 PASSENGER CAR RENTAL 1 0 1 
5083 FARM & GARDEN MACHINERY 1 0 1 7515 PASSEt"lGER CAR LEASING 1 0 1 
5084 INDUSTRIAL MACHINERY & EQUIPMENT 1 0 1 7519 UTIUTY TRAILER RENTAL 1 0 1 
5093 SCRAP & WASTE MATERIALS (nJNKYARDS. ETC.) 1 0 1 7532 TOP & BODY REPAIR & PAINT SHOPS 1 0 1 
5141 GROCERIES, GENERAL UNE 0 1 07533 AUTO EXHAUST SYSTEM REPAIR SHOPS 1 0 1 
5162 PLASTIC MATERIALS & BASIC SHAPES 0 0 1 7534 TIRE RETREADING & REPAIR SHOPS I 0 1 
5169 MISCELlANEOUS CHEMICALS & AUlED PRODUCTS 0 0 1 7537 AUTOMOTIVE TRANSMISSION REPAIR SHOPS 1 0 1 
5172 MISCELlANEOUS PETROlBJM PRODUCTS 0 0 1 7538 GENERAL AUTOMOTIVE REPAIR SHOPS 1 0 I 
5198 PAINTS, VARNISHES & RELATED SUPPUES 0 0 1 7539 MISCELlANEOUS AUTO REPAIR SHOPS (AC,BRAKES .. ) 1 0 1 
5211 LUMBER & OTHER BUILDING MATERIALS 1 0 07549 MISCELlANEOUS AUTOMOTIVE SERVICES 1 0 1 
5231 PAINT, GLASS & WALLPAPER STORES 0 0 1 7622 RADIO & TELEVISION REPAIR 1 0 1 
5261 RETAIL NURSERIES &< GARDEN STORES u 1 07623 REHUliERAllON SERVICE & REPAIR 1 0 1 
5311 DEPARTMENT STORES 1 0 1 7629 ELECTRICAL REPAIR SHOPS I 0 I 
5399 MISCELlANEOUS GENERAL MERCHANDISE STORES 1 0 1 7692 WELDING REPAIR I' 1 0 I 
5411 GROCERY STORES 1 0 1 7694 ARMATURE REWINDING SHOPS 1 0 1 
5511 NEW & USED CAR DEALERS 1 0 1 7699 MISCELlANEOUS REPAIR SERVICES 1 0 1 
5521 USED CAR DEALERS 1 0 17992 PUBUC GOLF COURSES 0 1 0 
5531 AUTO & HOME SUPPLY STORES 1 0 17999 MISCELlANEOUS AMUSEMENT & RECREATION SERVI 0 1 0 
5541 GASOUNE SERVICE STATIONS, GAS STATIONS 1 0 1 8733 NONCOMMERCIAL RESEARCH ORGANIZATIONS 1 1 1 
5551 BOAT DEALERS 1 0 1 8734 TESTING LABORATORIES 1 1 1 
5571 MOTORCYCLE DEALERS 1 0 19199 MISC. GENERAL GOVERNMENT (MAlNT.SHOPS. ETC.) 1 0 1 
5599 MISCELLANEOUS AUTOMOTIVE DEALERS 1 0 19221 GOVT POUCE PROTECTION 1 0 1 
5722 HOUSEHOLD APPUANCE STORES 1 0 19224 GOVT ARE PROTECTION 1 0 1 



Appendix B-2. Number, density, and relative ranking of the contamination potential of present day (1998) businesses, 
Hudson Bayou watershed. 

Basin size Potential Sources er Basin Ranks Ranks Ranks Averge 
Subbasin (acres) # Pest. # Metals # Hydroc. #Pest.lacre #Metals/acre #Hydroc.lacre Pest.lacre Metals/acre H droc.lacre Rank 

020101 9 .81 0: I l I i O.OOO i 0.102! 0.102i I ! 43 : 42 28.7 .. ......... ... ... .. .. . ................... ·· r··· ·· ··· · ......... ... ...... ........ ........... .. ........ ........................... , .. ........ ......... ~ .......... ... .... .................. .... ... ... .. .. .. .. .... ...... .. ~ ..................... ........ ~ ......... ....... ........................... ... ............ ... ........... ......... . . 
020102 16.91 I l Ol ol 0.059! 0.0001 O.OOO! 51 ! I l 1 17.7 
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020104 31.0! Ol 3 l 3! O.OOO! 0.0971 0.097; II 42: 41 28.0 ...... .............. .. ... ................... ! .................................... ...... ... _ .......... ........ ... .. , ........... .... ................ _ ................................ , ................. .. ............ -.............. ................ , .......... .. .. ............... : ................... ......... . ... ...... ... .... ... . . 
020105 38.5 , 1: 5 : 5! 0.0261 0.130! 0.1301 481 46: 47 47.0 
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020302 117.4 l O ~ 5 l 51 O.OOO i 0.043 1 0.043 , I ! 36l 37 24.7 

1~~t~t~~~f~tl~t~~~ltJ~~ 
020311 104.6 j 0: 1: 2! O.OOO i 0.010! 0.0191 I l 31 1 34 22.0 
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020316 5.61 0: Ol 01 0.000; 0.000! 0.000; 1l I l 1 1.0 
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020321 94.6 l O ~ 6 l 6 i 0.000! 0 .063 1 0.063 i I l 38 : 39 26.0 

:idjt~I~~ww -ljl~liL~-t{~~~;~=~;;~j~iI;~1 =;~~ 
020330 19.61 0 : O ~ Ol 0.000; O.OOO! O.OOO! n II 1 1.0 
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020402 3.71 Ol 0: 01 0.0001 O.OOO l 0.0001 11 LIt.O 



Basin size Ranks I Ranks I Ranks 
Subbasin I (acres) #Pest.lacre #Metals/acre #Hydroc./acre Pest.lacre Metals/acre Hydroc./acre 

Averge 
Rank 

020403 1.0 4.9 1 O! O! 01 O.OOO i o.ooo i O.OOO:! 1 i 1 ~ 1 
020404 8.01 0 : 0 : Ii o .ooo i 0.000 \ 0 .126j d 1: 46 16.0 

020412 5.o l O ~ 1 ~ Ii o.ooo i 0 .200 l 0 .2001 n 49~ 49 33.0 
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020417 2.4: O ~ O ~ 0 1 O.OOOi O.OOO j O.OOO i 1l L 1 1.0 

020420 3.4: O ~ 0 , 0 ) O.OOO i 0 .000 ) O.OOO i 11 L 1 1.0 
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Appendix 8-3. Number, density, and relative ranking of the contamination potential of present day (1998-9) businesses, 

Cedar Hammock Creek and Bowlees Creek watersheds. 

Ranks l Ranksl RankSI Average 
Sub-basin #Pest./acre #Metals/acre #Hydroc./acre Pest./acre Metals/acre Hydroc./acre Rank 
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Appendix B-4. Number, density, and relative ranking of the contamination potential of present day (1998-9) businesses, 

Whitaker Bayou watershed. 

Ranksl Ranksl Ranksl Average 
Sub-basin HPest.lacre HMetals/acre HHydroc.lacre Pest.lacre Metals/acre Hydroc.lacre Rank 

AI .. __ ..... . ~~.61 ' 2 3 2 ..... ~·0>?1 0.0101 _ O.O<?~ _ . 19.5 5 4 9.5 
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Appendix B-S. Number, density, and relative ranking of the contamination potential of present day (1998-9) businesses, 

Phillippi Creek watershed. 

Ranksl Ranksl Ranksl A vt:ragt: 
Sub-basin #Pest./acre #Metals/acre #Hydroc.lacrt: Pest./acre Mt:tals/acrt: I-\ydroc.lacrc Rank 

BRANCH AA 3374.0] 7 21 i 23 0.002 0.0061 0.007 6 4 4 4.7 
-----!~~"F~~~~====--.. ~~!-:~1 ---·- ... 12 ~~_~~~~:-_~~r-·· ·~-----.§s -- .. ~~ .~-·~~~O~~ :- --·=:~-~- 9··012r ·--:--'=~:?Jl_I~ ~=~:~---9.}' -·-'-'~-'-:==----6 ~·--'·-~------6 ---)~i 

C::::RCGHA~E '-~:~ I-- .. -+ ____ -q ____ 2{ ----- ~ :~~ ·---·--·K:~I- -- -- ~ :~~----H ----'- .-- ~ - --- .---.. -.~ -----~~~ 
LATERAL AB 1099. 9 r -·-------· 7 38 --42f--'- 0.066-'-·o-:-63~ 0.038 14 -1T:S--- 12 - 12:5 

-·-!:t{~~6fi~·- =~~~HT= .. _· ~-· ~~.] .......... -.... ·-····=~ ·=:-~ ·:~--Jl ~'_~ .. ~:~=[~~ ~~=~··· ·····-.=1%I~1 ~- '-~'-=1:~~==~j_~. ~ ~~'-~~~'---.:I ·-·'":~~~~~=~-~-1~ ~~~~-'I~ 
L-PHILLIPPI 1588.5 7 103 107 0.004 0.065

1 
0.067 9.5 14 14 12.5 ==-~~IN I_= =~~~:X -:=---- -.--~ ==:·~.~~=~I4 ·=-=:~--T9._ -.~--=~~0.~}_· _=-'~·_~ -··~:OO2r-"--::~~-' __ ~.:.~ ==~_~_.5 ...... ___ . __ . . .1 ---- -.. -.- ... -:" -.:- ....... 1 : ~ 

MAIN B 2803.8 4 13 16 0.001 0.005 1 0.006 3.5 3 2 2.8 
---.-. MAIN C--- ---6314:3 -- . 2:3" '0' - '-- ""[63 "-'-"-" TS3 '- o---oO~OO4 .. ··-"'-"' 0.026 ' . ··· ----·0.029 ---"--'---9~5 ........ .. .... 9.5 9 9.3 

M-PHILLIPPI 1---=-30=9'""8--:.I+---··----TI - 107 110 0.004 ------0-.035 1------- -0.-03-6 -'---9.5 ------Ti-:-S -·-------.. - Ti ----10-.7 

REDBUG 1947.8 10 86 96 0.005 0'.044 0.049 12.5 13 -13 - -12":'8 
UPPER-PHILL 844.4 --0 7 6 0:000 - ---6-:-oos r-- ---o:oo7-·--1 5 -----4 - - 3.'3 

" 



Appendix C-l. Multisector designations, descriptions, and applicable SIC code ranges 

SEITOR ISEITOR NAME IDESCRIl'J'ION I RANGE OF SIC COD 

A ,TIMIlER I'ROlJUcrS jGENERAL SAWMILLS AND I'LANNING MILLS i 2421 j j 

A ,TIMBER pRODUITS ,HARDWOOD DIMENSION AND FLOORING MILLS : 2426 , , 

A ,TIMBER I'RODUITS ,WOOD pRODUITS NOT ELSEWHERE CLASSIFIED l 2499 , , : .... " ................. . .. . ".... .. ........... ... . .. ..... ... . .... ............. .. .. ...... .... " ............ ...... :........... ..... .. ... .. . .. .. ..... .. ... ... .... . ······ ········ ·· ·· ··· .. ··, ·· ···· ········ .. · .. ······· ···t · .; ... .. }, ... , ... . 
B ,PAPER AND ALliED pRODUITS MANUFACTURING ,PULP MILLS l 2610 ,· , 2619 

.. ·· ¢ ... ·.· ... : ¢.~.r.:M.i¢~i ;.~.N.~·.~~.i)~i~ . p.R.(j.D.~i(:ts ~~.ij~.A.¢.i1X~li~(.i .. ·· ·· .·. ·:. :. ··.::: .. ·: .. ·.· ... ::: . . ·· .. Ji>R.iH1s. .. :.·. .. ... ............................ .............................. ......... ... .. .......... . .. : .. :. : ... .. ..\ .. · · j~)(i[~·:) 2839 

C ,CHEMICAL AND ALUED PROIJUCTS MANUFACruRING jSOAI'S. DETERGENTS. ANI) CLEANING I'REI'ARAHONS; PERFUMES. COSMETICS l 2840,· , 2849 

"Im~mHI1!1!iiiiiil-: -::- -:: : :--: -1.~i!i~~!~=D~=D~~'~ -+---j 
jASPHALT PAVING AND ROOFING MATERIAL MFITRS AND LUBRICANT MFITRS ' ASPHALT PAVING AND ROOFING MATERIALS i 
·· ···· · · ·· ······ · ···· ·· · · · · · ···· ·· · · ···· ·· ··oofiNCi ·~~!.E~i~i::t;{F.¢f~~ : ~D·LUBiiiE.\NT·M(¢i:~:s· ::::: ·: : : : : t;{i:s~~i:@E~~~:jiR.~i)~<ji;:Of· jiEiR~:~~~·~ :~j)::C.~:AL: :::: ············· ··· ·· : · : :· · : ··: ::·:::: · : · : · 1 .. 

" ,~~,,~~ . ~""'. ~~"~'" CONCRETE. AND GYPSUM pRODucr MANUFACrURING jFLAT GLASS i 

E· ·· ·· · · TGLAss: ·CLAY: ·CEMOO: CONcitE1;E: ·ANDGYPSu~ipRODUcr·MANUFAciURiNO ········ ; 

:: ::: ::{:·:Jt;,~~~·~~~a···: · : · ·: : .: : .... ···::.::::.:::.::::::.:.:::: ... : .. :.::.:.:::::.:.:.: ..... :: ...... :: .... ··: : :::····::·.·::::·::.]~6.~:~~:ij~jt.J~~~~~~:S::::~~:=~::~:::::~~~~:~:~:~~ : ::::: : :: :: : :: : : :J :::::: :: :::: :::j~~:l:j:::~~~; 
F jpRlMARY METALS . jpRlMARY SMELTING AND REFINING OF NONFERROUS METALS i 3330 j· i 3339 

·· .. ·· · ·~ .. ·· ·· ··i~m~·1:~·~ii1i} · · · · · · ········· · ······ .. ·· .............. .... ............. ......... .............. ..... ············ .. ········· .. · .. ·! :~rJrC&~~6~~~r~:~!i~ci~R~~6Duc:i:s ·· .. · .. .. ······················ .. ······ .. · .. ····· .... ··· ······ 1·· .. ·· ········· .. ·n: ! :··· i ··· j~·: 
G .. ·· ··TMEi;"i:MINiNd(oii.EMiNiNGANO·DRESsINaj ·· ·· ··· ······ ···· · ····· ······ · .. ···· ··· ··········· ·· ······· ····· ·······; iROJ.:tORES··· ········ ··· . .. ..... .... .... ............ ...... ........... ... .... .... .... ~ .. .................... .... ...... .. .. ... , .. ...... j .. ... ··· · · To·iii; ~·· ; · · · iiii9 



SECTOR (S EC:TOR NAME ( DESCRlI'I'ION ( RANGE OF SIC COD 

G ~MEfAL MINING (ORE MINING AND DRESSING) ~COPPER ORES i 1020 ,· , 1029 

:::: : : :~:::: ::: :ti~it:~~~:~~:~~:~~~:~~:~~~~~~:::::: ::::: :: :::: . : :: : ::: : ::::::::: : : : : ::: : .. ,, : : : :: : ::::: ::::::::lt~t~:*~:~$~!~~::: ::: : : : :::::: :: : : :: ::: : :: : :: : : : : : :: : :::': : :: ::::: :::::."::: : : :: : :: ': : ' ::: : ::: ' :: :: : :: :" : : :: :::!: ::· · ··· ··· · ··· ··· ::2ciI: : : r ::l~: 

:::::: : ·~·· : ···J~~·~f~~~·~~~;·~~~·~~·~~~~~F·: · ::······:::: .. :::.:::::::::::::: .. ::.:.:.::::: .. ::::::: .... ::-i~~~t~~~:~~~~~~:~~~~~~· ::·· :· :: : :: : : : :::··:::·:·:: : :::: : :: · ::::::: : · . :···:::::: : ::: · :· · · · ··· :: F · ::: · ·:::·:·:···i~ iE i3:~ 
G ,MEfALMlNING (ORE MINING AND DRESSING) . ~M1SCELLANEOUSMEfALORES .. ... ! 1090 ~ · ~ 1099 

.. ...... I;I ....... . :c::()~~ .~~·.·ijip.·:~i:i.~~.·@ii<(;~lt¢i,.,A,!~.D.·.·I'~(;IY.I:I~ .............. " .................. ···~.··.· · .. · . · .· . ·.:.¢i:i.~~.·~ii.S)i.{j).·¢.()·~.L. .~.iN,9.·.~#.Y.;:fE.D. · F.A.<#.L.ifi~ ... .. ·.· . ............ .. ...................... · .... r.·· .. ........ · X~(i(j[~.·.r.·.·x~~ 
I ,OIL AND GAS EXPLORATION ,CRUDE PEfROLEUM AND NATURAL GAS ! 1310,· , 1319 ............... ... : . . ...... .... .. .. .. . .......... . ... .. .. . ... . ... ....... ............ .. .... ... .... . . ................. . .............. ... ....... .......... . .. . .......... . . : ............... .. ............ . ............ . ............ ..... .... . ......... . . .. . ... . . . . ............ .... . .... .. . .. ........ . .. ... . . .. . ...... ... .. . 1' . .. . ...... . .. . ........ ... . :- ••• • ;- ••••• •••• • 
I : OIL AND GAS EXPLORATION ,NATURAL GAS UQUIDS l 1320 ,· , 1329 

0±~1Ir~G_mfiljiti-ii itt-:i:f~~ -~- tflll$f~I;;~~~~,·R~ ~ i :0:i~t~~iij __ :i-~':jj 
.. · i~~i.·~.t-.~~·.~~.·ri·~~~~~· · ...... , .... ~ .. ". ........ ....... ........... . ...... ..... ·.·.· .... . ·.·· ... ·.· : . I¢~j:.f.~.:~tii¢.~i>.·.R.·~ji~~¢i.()~~ ·fi~#Rj~~ .. : .......................... ~~: ... : .... : .... :.:.~ ..... : ... ........ ····.· ... ! .... .. ·.· •...... :~I:.·o.I. ·· i~: 

J : MINERAL MINING AND DRESSING ,CHEMICAL AND FERTIUZER MINERAL MINING ! 1470 ,· , 1479 
· · ··· · ··· K ·· · ····j HA"iARoOUS·W"STE·TR:EATM~m·sTORAGE ·oiDiSPQ"SAL·FACii:ITiEii ·· · ·· · ··· ·· ··· ···· ·· · · · · · · ·TH·"ZAR:OOUS ·WAri·E·TR·EATM·OO·ij:oRAGii·ANri·oisroiiAl:·· ·· · ·" ,, · · ·,,""""" ,,· · ···· · · ·· ···! · · ··· · ······· · · · ··········r · · ·y··· · · · ···· , 
· ······ · L · · ·····~·LANj)"FiiiS ·ANDiAND·AppiicATioN·siTES· ······ · ·· ·· ... .................... .... .......... .. ............ ......... TLANDFiLi".S·"Ar.io· w'o' APPUC"ATION' SrrES .............. ... .... ...... ........... ... .......................... ! ................... ...... T ... T ........ . 
'"· .. ·M' .... ·T.A:UToMOBIU·SALVAGE·YARDS' ...... ·,, ...... , .. · ............ · .............. , ........ , .. , .. , .... · .. " ........ ·· .. · .... 'jAUTOMOB"iiE·SALVAGE'YARDS' ...... , .. · .. ,·· .... ·· .... · .. · .... ,· .. " .. " .. · ...................... · .... · .. "'1 .. · .... " .. · .. · .. ·soi·sTT ...... .. 

I' ,LAND TRANSI'ORTATION ,UNUEl) STATES POSTAL SERVICE i 4300 ,· , 4399 ········i;········j"LANo·i :RANsro"RTATiON····· ........... .. ................... ............. . · ···· · ···· ·TpiITR01:Ei.iM·"jii.iii< ·~:.rAl;ioNs·AND ·TERMiNAi.S· ·· ··· .. .. ... ................. .. .. " ...... .. ! ................ ··s·iiiT"··r ··· ····· 
·fi .. · ·jWAT"ilR'TRANSPORTATION········· .... · .... ·, .. ·" .... ···, .... ···· .. ··· · · ·· .. ·· jWATERTRANSroRTATioN .. · .. ·" · ........ ··· .. ··· .. ··· ···· .. · .. ,·· .. · .. .... · .. ·· ···· .. T··· .. · ...... ·4400T' .. r .. ·4499 

::::: : : t ::::: : ::·:~~;r~::~itfW~~f~~~~~~~:y.~~~~:: : : ::: :::::::::::::: :: :: : :: : ::: : :: ............ ::::::::::::: :: :1i1t~r~:~tt!Wt~~~:~~: ~:~~~~9.:~:~~:~~ :::::: :·· ·· · ·········::::::::::::::::::: : :::::::·::::::::: r: : ·· ·· · ,, · ···:: :: I~i::::i:::~Ii: 
·······f : : : : :: rrREATM~ :\\i~:~~~: : :···· · · ·· · ·· ·· ·· · · ······ ........... .. ........... ...... ... ... : ... .. : .. :.: ..... .. .. : . .. :::: ........ •.•. . : . ::r:~~j~~:(~O'~~~.:: : .. : .. :.: :: :::.::::::::: ... ::::::.::::::::::::::.: ::::. ::.:.:: .. ::::: :: :::::::::::: :: ... ........ :·:::::r ·····" .. ·:: ::::. :·· :: ::::::::::::::::: 

~ : ~~~ :~ ·~6~~ri ·:~~~~~~~ .. ·!6~~~I~~6%~2~ ··· ·H . . . ... .... ............. .. H ! iri~~!>! .. ~j: 
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U ,FOOD AND KINDRED PRODucrs ~ CANNED. FROZEN,PRESERVED FRUITS, VEGEfABLES AND FOOD SPECIALTIES i 2030 ,· , 2039 

U : FOOD AND KINDRED PRODUCTS ~ FATS AND OILS . i 2070 ~ · , 2079 



SECfOR ISECfOR NAME InESCRJlrnON I RANGE OF SIC COD 

Y :RUBIlER, MISCELLANEOUS PLASTIC PRODUCfS, AND MISC MfCTRING IND :TlRF..5 AND INNER TUBES l 3010:- : 3019 

ii -ii~iiiii";~ili'~i1riilmi~illl[~~i~I ;I'li.j~~~·~~i:;D;~~G4 it-~~rj~ 
... Y .. :.~~.jjB.~~.:.'.i.ri.~¢~i#r~~~~?~A.~j¢' p'~(j.i)~.¢f~;.'.A,j;i.i) .'~~¢ .. t;iF.¢fR.iN..~ ·~D. .....•....... · .. .. ~I[)(?L.~;.i()x.s.:.(i~~"A·i>.·.S.P9.~!iN.~'.~'~' A.~L.i;ji¢.'@.o.~ " .......... .... ...... ··· .. ·.J .. · .. ·.·.·.· ... ~~[~·.·.T.· 3~9 

Y : RUBBER, MISCELLANEOUS PLASTIC PRODUCfS, AND MlSC MFCfRING IND "'ENS, PENCILS AND OTHER ARTIST'S MATERJAI..5 ! 3950 :- : 3959 .•••• ••••••••••• ,.: ••••••••••••• •••• .••• ••••• ••• , ,. ,., •••• .•..•.•.• .•••• •••••••• •• ••• ••••••••• ••• •••••• •••• •••• ••• ••.. •• " ....•• .• .. •.. , ••••••••••••••• •••••••••••••• • : ••••••••••• •• ••••• •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• .• ••• .•• •••••••••••• ••••••••••• •••••• •••••••••••••••••••••••••••• ~ •••••••••••• .•.•• .•••••• .• > ••• -:- ••••••••... 
Y : RUBBER , MISCELLANEOUS PLASTIC PRODUCfS, AND MlSC MFCfRJNG IND : COSTUME JEWELRY, NOVELTIES, BUTTONS, NOTIONS, EXCPT PRECIOUS METALS ! 3960:- : 3969 

~:::.:·+::~:]t~~~~~~~~~~~itJ~~,~~~~~~~~:~:~,~~:~~~~~~·~,~~:,:::::::, .. :,: .. :,J~~~~~~~~~~~;,~~~:~:~~~~:~ __ •• :~ ,:: .••• ~:--~~,~, .. ,:,:::::::~~:.:~:::~:::::~~~:~~ •• , •• :.J •• :::: __ "' __ ""J~~r.J.3.m! 
AA :FABRJCATED METAL PRODUCfS :CUTLERY, HANDTOOLS, AND GENERAL HARDWARE I 3420:- : 3429 

iiiiii~iiii];~~i~ii~f!n~~liiiiiiiiiiiiiiiiiiiiii-iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiJ'i!llt}jiiJ:~~!~~:~~:~~iiiiiiiI iiiiiiiiii~l;-[~ 
AA :FABRJCATED METAL PRODUCfS :MISCELLANEOUS FABRJCATED METAL PRODUCfS i 3490:- : 3499 
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Appendix C-2 

x. Storm Water Discharges Associated With Industrial Activity From Printing and 
Publishing Facilities 

1. Industry Profile 

On November 16, 1990 (55 FR 47990) EPA promulgated the regulatory definition of 
" storm water discharge associated with industrial activity." This definition includes point source 
discharges of storm water from eleven categories of facilities, including" -category (xi) facilities 
classified as Standard Industrial Classification (SIC) code-27." Facilities eligible for coverage 
under this section include book printing (SIC Code 2732); commercial printing, lithographic (SIC 
Code 2752); commercial printing, gravure (SIC Code 2754); commercial printing, not elsewhere 
classified (SIC Code 2759); and platemaking and related services (SIC Code 2796). 

This section establishes special condition for storm water discharges associa~d with 
industrial activities at printing and publishing facilities. The SIC codes of these facilIties are in 
category (xi) of the definition of storm water discharges associated with industrial activity. Storm 
water discharges from facilities in this category are only regulated where precipitation and storm 
water runoff come into contact with areas associated with industrial activities, and significant 
materials. Significant materials include, but are not limited to, raw materials, waste products, 
finished products, intermediate products, by-products, and other materials associated with 
industrial activities. 

When an industrial facility, described by the above eligibility provisions of this section, has 
industrial activities being conducted on-site that meet the description( s) of industrial activities in 
another section(s), that industrial facility shall comply with any and all applicable monitoring and 
pollution prevention plan requirements of the other section(s) in addition to all applicable 
requirements in this section. The monitoring and pollution prevention plan terms and conditions of 
this multi-sector permit are additive for industrial activities being conducted at the same industrial 
facility (co-located industrial activities). The operator of the facility shall determine which other 
monitoring and pollution prevention plan section( s) of this permit (if any) are applicable to the 
facility. 

The printing and publishing industry is composed of a heterogeneous collection of more 
than 38,000 companies that range in size from a few employees to several thousand. {98} Some 
companies are involved in both printing and publishing, while others are exclusively one or the 
other. The industrial activities of these facilities are similar, but the finished products vary. The 
finished products include magazines, newspapers, books, and labels. The printing activities 
covered under this section occur strictly indoors, and are separated into distinct operations. They 
include book printing, commercial printing (lithographic and gravure), and platemaking for 
printing purposes. The lithographic printing operation, which is based on the premise that grease 
and water do not mix, consists of a printing plate or cylinder, ink, a blanket and paper. Areas on 
the printing plate which will be transferred are coated with grease, and the rest of the plate is kept 
moist with water. The ink adheres to the grease and is repelled by the water. The printing image is 



then transferred to a blanket, which is transferred to paper. The gravure printing process uses 
printing plates or cylinders, ink, and paper. In the gravure process, the image is engraved on the 
printing plate or cylinder, the ink is then picked up by the engraved cells and directly transferred 
to paper. Other printing methods include screen, letter press, and flexographic printing. In the 
platemaking process, plates are cut from metal (usually steel), formed, engraved with the image, 
and coated with copper sulfate or chromic acid. The plates are later used in the printing processes 
described above. 

I {98} " Economic Analysis of Proposed Effluent Guidelines, 
IPrinting Industry." Office of Planning and Evaluation, 
IEP A. August 1974. 

Aside from the specific printing activities, other types of industrial activities are shared by 
facilities covered under this section. For example, the majority of these facilities have outdoor 
material handiing and storage activities, and share the same types of raw and waste materials. 

The primary raw materials utilized by this industry group include paper (inclGding wax 
paper and card stock at some facilities), printing inks (hydrocarbon based, solvent based), and 
solvents. Other raw materials include steel (for facilities which manufacture printing plates), toner, 
paints, lubricating fluids, fuels, coating materials, and adhesives/glues. The paper products are 
stored indoors because exposure to precipitation would destroy the quality. The other raw 
materials arrive at the facilities in drums and either remain in the drums or are stored in 
aboveground or underground tanks, depending on the facilities' space and primary activity. The 
outdoor storage areas for drums are sometimes covered, but when the drums are directly exposed 
to precipitation, the storage areas are diked. Within the facilities, drums are stored on wooden 
pallets or skids, which may become contaminated from spills of the stored materials. After use the 
pallets and skids are stored outside for disposal and have the potential to contaminate storm water 
discharges. 

Both nonhazardous and hazardous wastes are produced from the printing process. 
Hazardous wastes including ink wastes, solvent wastes, and waste chromic and sulfuric acid. 
These wastes are generated in small quantities at some of the facilities within this industrial group. 
Solvent wastes result from cleaning of printing plates and metal cutting operations. Ink wastes are 
generated from the cleaning of printing plates and from excess ink used in printing. Chromic and 
sulfuric acid wastes are generated from facilities which manufacture and coat rotogravure printing 
plates. 

Nonhazardous wastes from this industry group include waste paper, paper dust, scrap 
steel, and used wooden pallets. All of these waste materials have the potential to pollute storm 
water discharges. 

Significant materials exposed to storm water at these facilities may include raw materials 
and waste materials. They include solvents (toluene, xylene, acetone, I, I , I-trichloroethane), fuels 
(gasoline and diesel), inks, metal, lubricating oils, pallets, copper, chromium, acids (sulfuric and 
chromic), oil and grease, and waste paper. Some of these materials may be directly exposed to 



storm water, while others may be covered. Pollutants that may be associated with these materials 
include TSS, pH, heavy metals, oil and grease, and COD. 

Material handling activities such as loading and unloading areas, and liquid transfer 
(solvents from outdoor storage tanks to facility) may be exposed to storm water discharges. 
Exposure of these areas to storm water may be minimized by covering of the shipping/receiving 
and liquid transfer areas. 

For those facilities engaged in fueling and vehicle maintenance, gasoline and diesel fuel are 
frequently stored outdoors in aboveground storage tanks and drums. Most vehicles and 
equipment require oil, hydraulic fluids, antifreeze, and other fluids that may leak and contaminate 
storm water discharges. 2. Pollutants Found in Storm Water Discharges From Printing and 
Publishing Facilities 

The impact of industrial activities on storm water discharges at printing and publishing 
facilities will vary. Factors at a site which influence the water quality include geograehic location, 
hydrogeology, the industrial activities exposed to storm water discharges, the facility's size, the 
types of pollution prevention measureslbest management practices in place, and the type, 
duration, and intensity of storm events. Taken together or separately, these factors determine how 
polluted the storm water discharges will be at a given facility. Additionally, pollutant sources 
other than storm water, such as illicit connections, {99} spills, and other improperly dumped 
materials, may increase the pollutant loading discharged into Waters of the United States. 
Table X-I lists industrial activities that commonly occur at printing and publishing facilities, the 
pollutant sources at these facilities, and the pollutants associated with these activities. Table X-I 
identifies heavy metals, oil and other parameters as potential pollutants associated with printing 
and publishing facilities. 

I {99} Illicit connections are contributions of unpermitted 
Inon-storm water discharges to storm sewers from any number 
lof sources including improper connections, dumping or 
Ispills from industrial facilities, commercial establishments, 
lor residential dwellings. The probability of illicit 
Iconnections at facilities manufacturing transportation 
lequipment, industrial or commercial machinery is low 
Ibut it may be applicable at some operations. 

Based on the similarities of the facilities included in this sector in terms of industrial 
activities and significant materials, EPA believes it is appropriate to discuss the potential 
pollutants at printing and publishing facilities as a whole and not subdivide this sector. Therefore, 
Table X-2 lists data for selected parameters from facilities in the printing and publishing sector. 
These data include the eight pollutants that all facilities were required to monitor for under Form 
2F, as well as the pollutants that EPA has determined may merit further monitoring. 3. Options 
for Controlling Pollutants 

In evaluating options for controlling pollutants in storm water discharges, EPA must 



achieve compliance with the technology-based standards of the Clean Water Act [Best Available 
Technology (BAT) and Best Conventional Technology)]. The Agency does not believe that it is 
appropriate to establish specific numeric effluent limitations or a specific design or performance 
standard in this section for storm water discharges associated with industrial activity from printing 
and publishing facilities to meet BATIBCT standards of the Clean Water Act. Instead, this section 
establishes requirements for the development and implementation of site-specific storm water 
pollution prevention plans consisting of a set of Best Management Practices (BMPs) that are 
sufficiently flexible to address different sources of pollutants at different sites. 

Certain BMPs are implemented to prevent and/or minimize exposure of pollutants from 
industrial activities to storm water discharges. EPA believes the most effective BMPs for reducing 
pollutants in storm water discharges are exposure minimization practices. Exposure minimization 
practices lessen the potential for storm water to come into contact with pollutants. Good 
housekeeping practices ensure that facilities are sensitive to routine and nonroutine activities 
which may increase poilutants in storm water discharges. The BMPs which address good 
housekeeping and exposure minimization are easily implemented, inexpensive, and r~quire little, if 
any, maintenance. BMP expenses may include construction of roofs for storage areas or other 
forms of permanent cover and the installation ofbermsldikes. Other BMPs such as 
detention/retention ponds and filtering devices may be needed at these facilities because of the 
contaminant level in the storm water discharges. The types ofBMPs implemented will depend on 
the type of discharge, types and concentrations of contaminants, and the volume of the flow. 

The selection of the most effective BMPs will be based on site-specific considerations 
such as: facility size, climate, geographic location, geology/hydrology and the environmental 
setting of each facility, and volume and type of discharge generated. Each facility will be unique in 
that the source, type, and volume of contaminated storm water discharges will differ. In addition, 
the fate and transport of pollutants in these discharges will vary. EPA believes that the 
management practices discussed herein are well suited mechanisms to prevent or control the 
contamination of storm water discharges associated with printing and publishing facilities . 

Part 1 group application data indicate that BMPs have not been widely implemented at the 
representative sampling facilities. Less than 10 percent of the sampling subgroup reported that 
they store some materials indoors; less than 10 percent store hazardous wastes under roof; and 
less than 5 percent cover drums or have sealed drums. However, 45 percent of the subgroup 
utilize some type of covering; 45 percent implement good housekeeping practices; and more than 
40 percent have training on pollution prevention. 

The measures commonly used to reduce pollutants in storm water discharges associated 
with printing and publishing facilities are generally simple and easy to implement. Table X-3 
identifies best management practices (BMPs) associated with different activities that routinely 
occur at printing and publishing facilities. 4. Storm Water Pollution Prevention Plan 
Requirements. 

EP A believes that pollution prevention is the most effective approach for controlling 
contaminated storm water discharges from printing and publishing facilities. The requirements 



included in the pollution prevention plan provide a flexible framework for the development and 
implementation of site-specific controls to minimize the pollutants in storm water discharges. This 
flexibility is necessary because each facility is unique in that the source, type, and volume of 
contaminated storm water discharge will vary from site to site. 

Under today's permit, all facilities must prepare and implement a storm water pollution 
prevention plan. The pollution prevention plan requirement reflects EPA's decision to allow 
operators of printing and publishing facilities to utilize BMPs as the BAT !BCT level of control for 
the storm water discharges covered by this section. The pollution prevention plan requirements in 
this section are consistent with the general requirements presented in the front of this fact sheet, 
which are based on EPA's storm water general permits finalized on September 9, 1992 (57 FR 
41236), and September 25, 1992 (57 FR 44438), for discharges in nonauthorized NPDES States. 

There are two major objectives to a pollution prevention plan: 1) to identifY sources of 
pollution potentially affecting the quality of storm water discharges associated with industrial 
activity from a facility; and 2) to describe and ensure implementation of practices to gUnimize and 
control pollutants in storm water discharges associated with industrial activity from 'a facility. 

Specific requirements for a pollution prevention plan for printing and publishing facilities 
are described below. 

a. Contents of the Plan. Storm water pollution prevention plans are intended to aid 
operators of printing and publishing facilities to evaluate all potential prevention sources at a site, 
and assist in the selection and implementation of appropriate measures designed to prevent, or 
control, the discharge of pollutants in storm water runoff EPA has developed guidance entitled 
Storm Water Management for Industrial Activities: "Developing Pollution Prevention Plans and 
Best Management Practices," EPA, 1992, (EPA 832-R-92-006) to assist permittees in developing 
and implementing pollution prevention measures. 

(1) Description of Potential Pollutant Sources. Each storm water pollution prevention plan 
must describe activities, materials, and physical features of the facility that may contribute 
pollutants to storm water runoff or, during periods of dry weather, result in dry weather flows. 
This assessment of potential storm water pollutant source will support subsequent efforts to 
identity and set priorities for necessary changes in materials, materials management practices, or 
site features, as well as aid in the selection of appropriate structural and nonstructural control 
techniques. Plans must describe the following elements: 

(a) Site Map-The plan must contain a map of the site that shows the pattern of storm 
water drainage, structural and nonstructural features that control pollutants in storm water runoff 
and process wastewater discharges, surface water bodies (including wetlands), places where 
significant materials {100} are exposed to rainfall and runoff, and locations of major spills and 
leaks that occurred in the 3 years prior to the date of the submission of a Notice oflntent (NO I) 
to be covered under this permit. The map must also indicate the direction of storm water flow. An 
outline of the drainage area for each outfall must be provided; the location of each outfall and 
monitoring points must be indicated; and the types of discharges contained in the drainage areas 



of the outfalls (e.g., storm water and air conditioner condensate) must be identified. An estimation 
of the total site acreage utilized for each industrial activity (e.g., storage of raw materials, waste 
materials, and used equipment) must be provided. These areas include liquid storage tanks, 
stockpiles, holding bins, used equipment, and empty drum storage. These areas are considered to 
be significant potential sources of pollutants at printing and publishing facilities. 

I { 100} Significant materials include, " * * * but 
I[are] not limited to: raw materials, fuels, materials 
Isuch as solvents, detergents, and plastic pellets; finished 
Imaterials such as metallic products; * * * hazardous 
Isubstances designated under section 101(14) ofCERCLA; 
lany chemical facilities are required to report pursuant 
Ito section 313 of Title III of SARA; fertilizers; pesticides; 
land waste products such as ashes, slag, and sludge that 
jhave the potential to be released with storm water discharge." 
1(40 CFR 122.26(b)(12». Significant materials commonly 
Ifound at transportation equipment, industrial or commercial 
Imachinery manufacturing facilities include raw and scrap 
Imetals; solvents; used equipment; petroleum based products; 
Iwaste materials or by-products used or created by the 
Ifacility. 

(b) Inventory of Exposed Materials-Facility operators are required to carefully conduct an 
inspection of the site to identify significant materials that are or may be exposed to storm water 
discharges. The inventory must address materials that within 3 years prior to the date of the 
submission of a Notice of Intent (NOI) to be covered under this permit have been handled, stored, 
processed, treated, or disposed of in a manner to allow exposure to storm water. Findings of the 
inventory must be documented in detail in the pollution prevention plan. At a minimum, the plan 
must describe the method and location of on-site storage or disposal; practices used to minimize 
contact of materials with precipitation and runoff; existing structural and non structural controls 
that reduce pollutants in storm water; existing structural controls that limit process wastewater 
discharges; and any treatment the runoff receives before it is discharged to surface waters or 
through a separate storm sewer system. The description must be updated whenever there is a 
significant change in the type or amounts of materials, or material management practices, that may 
affect the exposure of materials to storm water. 

( c) Significant Spills and Leaks-The plan must include a list of any significant spills and 
leaks of toxic or hazardous pollutants that occurred in the 3 years prior to the date of the 
submission of a Notice oflntent (NOI) to be covered under this permit. Significant spills include, 
but are not limited to, releases of oil or hazardous substances in excess of reportable quantities 
under Section 311 ofCWA (see 40 CFR 110.10 and 117.21) or Section 102 of the 
Comprehensive Environmental Response, Compensation and Liability Act (CERCLA) (see 40 
CFR 302.4). Significant spills may also include releases of oil or hazardous substances that are not 
in excess of reporting requirements and releases of materials that are not classified as oil or a 
hazardous substance. 



(d) Non-storm Water Discharges-Each pollution prevention plan must include a 
certification, signed by an authorized individual, that discharges from the site have been tested or 
evaluated for the presence of non-storm water, the results of any test and/or evaluation conducted 
to detect such discharges, the test method or evaluation criteria used, the dates on which tests or 
evaluations were performed, and the on-site drainage points directly observed during the test or 
evaluation. Pollution prevention plans must identify and ensure the implementation of appropriate 
pollution prevention measures for any non-storm water discharges. (e) Sampling Data-Any 
existing data describing the quality or quantity of storm water discharges from the facility must be 
summarized in the plan. The description should include a discussion of the methods used to 
collect and analyze the data. Sample collection points should be identified in the plan and shown 
on the site map. 

(f) Summary of Potential Pollutant Sources-The description of potential pollutant sources 
should clearly point to activities, materials, and physical features of the facility that have a 
reasonable potential to contribute significant amounts of poliutants to storm water. Any such 
activities, materials, or features must be addressed by the measures and controls sub~equent1y 
described in the plan. In conducting the assessment, the facility operator must consider the 
following activities: raw materials (liquid storage tanks, stockpiles, holding bins), waste materials 
(empty drum storage), and used equipment storage areas. The assessment must list any significant 
pollutant parameter(s) (i.e., total suspended solids, oil and grease, etc.) associated with each 
source. 

(2) Measures and Controls. Permittees must select, describe, and evaluate the pollution 
prevention measures, BMPs, and other controls that will be implemented at the facility. Source 
reduction measures include preventive maintenance, spill prevention, good housekeeping, training, 
and proper materials management. If source reduction is not an option, EPA supports the use of 
source control measures. These include BMPs such as material covering, water diversion, and 
dust control. If source reduction or source control are not available, then recycling or waste 
treatment are other alternatives. Recycling allows the reuse of storm water, while treatment 
lowers pollutant concentrations prior to discharge. Since the majority of printing and publishing 
activities occur indoors, the BMPs identified above are geared towards only those activities that 
occur outdoors or that otherwise have a potential to contribute pollutants to storm water 
discharges. 

Pollution prevention plans must discuss the reasons each selected control or practice is 
appropriate for the facility and how each of the potential pollutant sources will be addressed. 
Plans must identify the time during which controls or practices will be implemented, as well the 
effect the controls or practices will have on storm water discharges from the site. At a minimum, 
the measures and controls must address the following components: 

(a) Good Housekeeping-Permittees must describe protocols established to reduce the 
possibility of mishandling chemicals or equipment and training employees in good housekeeping 
techniques. Specifics of this plan must be communicated to appropriate plant personnel. 

(b) Preventive Maintenance-Permittees are required to develop a preventive maintenance 



program that includes regular inspections and maintenance of stonn water BMPs. Inspections 
should assess the effectiveness of the storm water pollution prevention plan. They allow facility 
personnel to monitor the components of the plan on a regular basis. The use of a checklist is 
encouraged, as it will ensure that all of the appropriate areas are inspected and provide 
documentation for record-keeping purposes. 

(c) Spill Prevention and Response Procedures-Permittees are required to identifY proper 
material handling procedures, storage requirements, containment or diversion equipment, and spill 
removal procedures to reduce exposure of spills to stonn water discharges. Areas and activities 
which are high risks for spills at printing and publishing facilities include raw material unloading 
and product loading areas, material storage areas, and waste management areas. These activities 
and areas and their drainage points must be described in the plan. 

(d) Inspections-Qualified personnel must inspect designated equipment and areas of the 
facility at the proper intervals specified in the plan. The plan should identify areas which have the 
potential to pollute storm water for periodic inspections. Records of inspections mu~t be 
maintained on-site. r · 

(e) Employee Training-Permittees must describe a program for informing and educating 
personnel at all levels of responsibility of the components and goals of the stonn water pollution 
prevention plan. A schedule for conducting this training should be provided in the plan. Where 
appropriate, contractor personnel must also be trained in relevant aspects of storm water pollution 
prevention. Topics for employee training should include good housekeeping, materials 
management, and spill response procedures. EPA recommends that facilities conduct training 
annually at a minimum. However, more frequent training may be necessary at facilities with high 
turnover of employees or where employee participation is essential to the stonn water pollution 
prevention plan. 

(f) Record-keeping and Internal Reporting Procedures-Permittees must describe 
procedures for developing and retaining records on the status and effectiveness of plan 
implementation. This includes the success and failure ofBMPs implemented at the facility. 

(g) Sediment and Erosion Control-Permittees must identifY areas, due to topography, 
activities, soils, cover materials, or other factors that have a high potential for soil erosion. 
Measures to eliminate erosion must be identified in the plan. 

(h) Management of Runoff-Permittees must provide an assessment of traditional stonn 
water management practices that divert, infiltrate, reuse, or otherwise manage stonn water so as 
to reduce the discharge of pollutants. Based on this assessment, practices to control runofffrom 
these areas must be identified and implemented as required by the plan. 

(3) Comprehensive Site Compliance Evaluation. The storm water pollution prevention 
plan must describe the scope and content of comprehensive site evaluations that qualified 
personnel will conduct to: (1) Confirm the accuracy of the description of potential sources 
contained in the plan, (2) determine the effectiveness of the plan, and (3) assess compliance with 



the terms and conditions of this section. Comprehensive site compliance evaluations must be 
conducted once a year for printing and publishing facilities. The individual(s) who will conduct the 
evaluations must be identified in the plan and should be members of the pollution prevention team. 
Evaluation reports must be retained for at least 3 years after the date of the evaluation. 

Based on the results of each evaluation, the description of potential pollution sources, and 
measures and controls, the plan must be revised as appropriate within 2 weeks after each 
evaluation. Changes in the measures and controls must be implemented. 



Appendix C-3 

Table X-to Printing and Publishing Facilities 

Description of Industrial Activities, Potential Pollutant Sources, and Associated Pollutants (i,ii,iii) 

Activity 

Plate Preparation ............... . 

Printing ........................ . 

Clean up ........................ . 

Stencil Preparation for Screen 
Printing. 

Material Handling: Transfer, 
Storage, Disposal. 

Photoprocessing ................. . 

Pollutant source 

using ink (lithography, 
letterpress, screen printing, 
flexography), etch baths, 
applying lacquer 

using ink (lithography, 
letterpress, screen printing, 
flexography), gravure 

used plates: type, die, press 
blankets and rollers 

lacquer stencil film, 
photoemulsion, blockout (screen 
filler) 

spills and leaks from material 
handling equipment 

spills and leaks from aboveground 
tanks 

solvents; trash; petroleum 
products 

developing negatives and prints 

Pollutant 

solvent, heavy metal, toxic waste 
ink with solvents chromium, lead. 

heavy metal waste (dust and sludge) 
ink-sludges with chromium or 

lead, ink-toxic wastes with 
metals, solvents. 

ink-toxic wastes with metals, 
solvents. 

solvents, photographic processing 
wastes. 

fuel, oil, heavy metals. 

fuel, oil, heavy metals, material 
being stored. 

heavy metals, spent solvents, oil. 

heavy metals, spent solvents. 

(i) EPA, Pollution Prevention Programs, Opportunities in Printing. Philadelphia, PA. October 1990. 
{iiI University of Pittsburgh Trust, Center for Hazardous Materials Research Fact Sheet, Pollution 
Prevention: Strategies for the Printing Industry. 

(iii) EPA, Resource Conservation and Recovery Act (RCRA) document, Does~'Your Business Produce Hazardous 
Waste as Many Small Businesses Do. Printing and Allied Industries, EPA/530'-SW-90-027g, April 15, 1990 



Appendix C-4 

Table X-2 Printing and Publishing Facilities 

Statistics for Selected Pollutants Reported by Printing and Publishing Facilities Submitting Part II Sampling Data{i} (mg/L) 
----- - - ------------------------ -- - -- -------------- --- ------------- - ----- - ---------------------- - - ------

No. of No . o f Mean Minimum Maximum Median 95th Percentile 99th Percentile 
Facilitie~ 1 Sample. 

Po llutant 1---------------------------
Sample type 1 Grab 1 Comp 1 Grab 1 Comp Grab Comp Grab Camp Grab Comp Grab Comp Grab Comp Grab Comp 

(ii) 1 1 
----------------------------------------- - ---------------------------------------------- -----------------------------------

80 05 •. .... 15 15 33 33 12. 8 7 .7 0. 0 0.0 6\. 8 27.0 9.0 6 . 40 45.9 24. 05 94. 1 \. 9 
COO ••.• . .. 15 15 33 33 64 . 5 45 . 97 0.0 0.0 2 39 . 0 17\. 0 4 9.0 40 . 0 241 . 5 2 03.0 192.9 43 2 . I 
Nitrate • 15 14 2? 2 6 1. 18 1 1. 22 0.00 0 . 0 5 . 80 5 . 30 0.73 0 . 82 3 .4 6 3 .25 6.14 5 . 40 
Nitr ite · 1 
Nitr ogen. 1 

Total 15 15 33 33 3.01 1 1. 78 1 0.00 1 0.0 10.00 1 6.70 1 1. 50 1 0 .98 1 II. 61 1 5.64 1 2 5 .09 1 10 . 65 
Kjeldahl 
Nitrogen . 

Oil 'amp: 15 N/ II 33 N/II 10 .7 N/II 0 . 0 N/II 98 .0 N/ II 1.0 N/ II 5\,1 N/ A \4 9.7 N/ II 
Grease . 

pH .•• . .... 14 N/II 26 N/ II N/ II N/II 5 . 4 N/ II 8.6 N/ II 7.0 N/ A 8.3 N/ II 8. 9 N/ II 
Total 15 15 33 33 0.3 4 0 . 33 0 .00 0.0 1. 80 2 .10 0.16 O. i3 \. 34 1. 25 3.03 2 .84 

Phosphoru", 
Total 15 15 33 33 88 29 660 104 30 26 44 5 121 1383 263 

Suspended 
Solid •• 
------------------------------ --- -- ------------ ----- ------ - -- - - - ---- - --------------------------------------------------- --- --_ .. _-------- - -- ---
(i l Appli c ations that did not report the units of measurement fo r t he repor ted values of pollutants were not included in t he:se s t atis tics. Value 3 reported as non- detect o r 
below detec tion limit were 83:sumed to be O. 
1 I iiComposite samples. 1 1 1 

'\ 



Appendix C-5 
Table X-3 Printing and Publishing Facilities 

General Storm Water BMPS for Printing and Publishing Facilities{i,ii,iii,iv} 

Activity 

Plate Preparation ... . .. . ... ..... . 
Printing ... .... .. .... •. . .. .. ... . .. 

Clean up . ... .. ...... . ............ . 

Stencil Preparation for Screen 
Printing. 

Material Handling and Storage 
Areas. 

Best management practices (BMPs) 

use aqueous - developed lithographic plates or wipe - on plates . 
use press wipes as long as possible before discarding or 
laundering ; dirty ones for the first pass, clean ones for 
the second pass. 

squeeze or centrifuge solvent out of dirty rags. 
set up an in-house dirty rag cleaning operation if warranted 

o r send to approved industrial laundries, if available. 
dedicated press for inks with hazardous pigments/solvents . 
segregate used oil from solvents or other materials. 
use water-based inks in gravure and flexographic printing 
process. 

label sinks as to proper disposal of liquids. 
keep eq uipment in good condition. 
use doct or blades and squeegees to remove as much ink as 
possible prior to cleaning with solvent and rags. 

control s olvent use during equipment cleaning, use only what 
you need. 

designate special areas for draining or replacing fluids. 
substitute nontoxic or less toxic cleaning solvents. 
recover waste solvents on-s ite with batch distill~tion if 
warranted o r utilize professi o nal solvent recyclers. 

centralize liquid s olvent cleaning in o ne l ocation . 
have refresher courses in operating and safety procedures. 
recapture excess ink from silkscreen process before was hing 
the screen to decrease amount of ink used and cleaning 
emulsion used 

store containerized materials (fuels, paints, i nks , solvents , 
etc.) i n a protected, secure location and away from drains . 

store reacti ve , ig nitable , or f lammable liquids in 
compliance with the l ocal fire code. 

identify potentially hazardous materials, their 
characteristi cs , and use . 

eliminate/reduce exposure to storm water . 
control excessive purchasing, storage, and handling of 
potentially hazardous materials. 

keep records to identify quantity, receipt date , service 
li fe, users, and disposal routes secure and carefully 
monitor hazardous materials to prevent theft , vandalism, 
and misuse of materials . 

educate perso nnel for p r oper storage, use, cleanup , and 
disposal of materials . 

maintain good integrity of all storage tanks. 
inspect storage tanks to detect potential leaks and perform 
preventive maintenance. 

provide sufficient containment for ou tdoor sto rage areas for 
the larger of either LO percent of the volume of all 
containers o r 110 percent of the volume of the largest tank. 

use temporary containment where required by portable drip 
pans . 

use spill troughs f o r drums with taps 
train employees on proper filling and transfer procedures 
inspect piping s ystems (pipes, pumps , fla ng es, couplings, 
hoses , valves) f o r failures or leaks. 

handle solvents in designated areas away from drains, 
ditches , and surface waters. Locate designated area s 
preferably indoors or under a shed. 

if spills occu r, 
stop the source of the spill immediately. 
contain the liquid until cleanup is complete. 
deplo y oil containment booms if the spill may reach the 
water. 

cover the spill with absorbent material. 
keep the area well ventilated. 
dispose of cleanup materials properly. 
do not use emulsifier o r d ispe rsant. 

(i) EPA, Polluti on Prevention Prog rams, Opportunities in Pr inting. Philadelphia, PA. October 1990 . 
(ii) University of Pittsburgh Trust , Center for Hazardous Materials Research Fact Sheet, 
Pollution Prevention : Strategies for the Printing Industry. 

(iii) EPA, Resource Conse r vation and Recovery Act (RCRA) document , Does Your Business Produce 
Hazardous Waste as Many Small Businesses Do. Printing and Allied Industries, EPA/530-SW- 90-027g , 
April 15, 1990. 

(iv ) NPDES Storm Water Group Applications-Part 1. Received by EPA March 18, 19 91 through 
December 31, 1992 . 



Appendix C-6. Multisector designations, descriptions, and presence within priority watersheds. 

Sector Sector Dcsc:ription Hudson Bayou Cedar Hammock Bowlecs Creek Whitaker Bayou Phillippi Creek 
B PAPER AND ALLIED PRODUCTS MANUFACTURING X 
C CHEMICAL AND ALLIED PRODUCTS MANUFACTURING X X X X 
D ASPHALT PAVING AND ROOFING MATERIAL MFCTRS AND LUBRICANT MFCTRS X 
E GLASS, CLAY, CEMENT, CONCRETE, AND GYPSUM PRODUCT MANUFACTURING X X X X 
F PRIMARY METALS X X X 
M AUTOMOBILE SALVAGE YARDS X 
N SCRAP RECYCLING FACILITlP..s X X 
P LAND TRANSPORTATION X X X X X 
Q WATER TRANSPORTATION X X X 
R SHIP AND BOAT BUILDING OR REPAIRING YARDS X X X X 
S AIR TRANSPORTATION FACILITIES X X X X 
U FOOD AND KINDRED PRODUCTS X X X 
V TEXTILE MILLS, APPAREL, AND OTHER FABRIC PRODUCT MANUFACTURING X X 
W FURNITURE AND FIXTURES X X X X X 
X PRINTING AND PUBLISHING X X X X X 
Y RUBBER, MISCELLANEOUS PLASTIC PRODUCTS, AND MISC MFCTRING IND X X X X X 

AA FABRICATED METAL PRODUCTS X X X X X 

'"' 



Appendix C-7. Number, density , and relative ranking of the contamination potential of multi-sector industries 

in 1998 , Hudson Bayou watershed. 

Ranksl Ranksl Ranksl Average 
Subbasinl (acres) HPesLlacre HMetals/acre HHyd roc.lacre PesLlacre Metals/acre Hydroc .lacre Rank 

020101 9.8 0 0 0 0.000 o.~ 0.000 1 1.0 

__ ~~illf= ~~:-6 ___ .:- .•. ~.~. ~~~ .. =~: •. ~._9.. .. ~.~::::-:~'~:~~~==J~j_~~~_~~~ ===~i ·· ___ =i~=~ __ ... ___ J __ . __ ._~~~ 
020105 _}~_: ~ ~==-_~ ====-_~ -.. __ -__ -_~~ _ ~ :~ ~:F~---~~: .. _____ ... ~ _____ ~~ _______ 4~ =-=_~l1 

--:---l!!4 ~~-!e--i -=~ ~ ---=--::: ==-:i~-~~~===t=--=~- 4:~ ___ 1 __ {:i 
--~.=::...:....;-- ---- , ------- -----f---.---. --. . 1--. --.-- .------ . ----

020306 17.1 0 ~ _____ ~. _____ ~~ . ____ ._~~ _. ___ . ___ _ O.~f__---! . . --.-------.-~ . _ ___ .. _. ___ .! _. ____ 1 ~ 
020307 27.0 0 0 0 0.000 0.000 0.000 1 1 1 1.0 

-···--··0i"0308-···---- ~---- i46:8 -=.-' . --" -0: =::=:-=.2 ===.=~.~:] ~~=~= - -- Q~OOO ----·------ -O~@ ===.= -6-:000 ===-'-1 ===-··~}==_=·-~· ··----·-i:o 
020310 67.9 0 0 0 0.000 0.000 0.000 1 1 1 1.0 
0-2-03-1-1 - - ---104.61------ 0 01----0 -- 0.000 '·--- 0.000 - ... - -·O~Ooo ------.• -.---.--.-.j 1----.----... -- 1 1.0 

--'-'( )i iJ3"i4- - ----27~O '-'--"-6 ··-----·---0 ····---····-·0 ·-··--·----o~ooo -·-··-----·-0.000 .-.. ·-····-0:000 ----- ----·-·i· -. ··-----··- ·· i - '--' -.- ... "-'-'j -"-'--" i"~-o 

----620316-------· '-5.6 ... ~: .. <!. ~.===Q _-=-~-=-:==Q _~···--·-o~oQ(i - ~=====<f_~ . _ .. _:0:00 -.------ .-] _._~. ==.~~.~~ _. ~+ ___ .. __ .. __ _ .J. __ . __ .I:~ 
020317 52 .8 0 0 ._. __ 01--. 0.000 O.!lOO 0.000 1 ____ __ J 1 1.~ 

020318 47.8 0 0 0 0.000 0.000 0.000 1 1.0 
020320 25 .8 o 00' --- .- :=-:.-_--.(@ ~_-~.--.:~<f@ : . ...... ..(@ ~=:~=~~=:--i" ~- ... ---... ..... _ .1:0 

020321 94.6 0 0 0 0.000 0.000 0.000 1 1 1 1.0 . ---- -- - -. - .. -- .------1------- ------ .-- ------- -------=- - -----..... -.-. ---
020323 23.5 0 1 1 0.000 0.043 0.043 1 45 45 30.3 

' ~~ __ ~.~~~~ ___ ====-_. ~~~~. --.~~-=.--6~~:=-==6 .·~-~~-.-:-:~-=-~1 .~~ ·~~==~·~ ~_-~-~~··.- -· : ~~~~-_-==:-6-:~ ·:-=:===~=-: :- ·-~-· .. -.·==.~:~ -~··3 --------~~~---: · ----: : ~ 
020328 7.2 0 0 0 0.000 0.000 0.000 1 1 1 1.0 -------- -.----.. .-. - .-----.- .- ...... ------ -.- _.---.-. -. . .. -. . -- --. -------.-- . .. _. __ ._._ .. _. 1-._--- .... -- '".. ..-

~~~~~i---- --. :H -'--6 -----6 .------~ ---·---6~~~-- 6:ml-· .. - -6~: --------}~.--.---.~ -----.----- ~ --·-·--H 
--:~!!:~ ---u;H ____ ~1 .. -! -=:u ~ un-~~~~r -~ :l - r~ --~~ : H __ u+_~' ~-~~ 
=~==~:---i---~~ =-.~~~--~-{ H~J ~ u - H -:1 ... =1--::-.-~~~-:--~:I --- .- .~t: ---I =:==·-'-'·_-~-·- l ----. ~:~ 



Basin size Ranksl Ranks I Ranksl Average 
Subbasinl (acres) HPesLlacre HMelals/acre HHydroc.lacre PesLlacre Melals/acre Hydroc.lacre Rank 

__ .Q.~~_3 __ _____ ~~ . ____ + __ p. _____ .. 01.. .2.:D<?2 _ ... , ___ .~.:..~O l O .~ _ ....... __ I ... ~~.=--~l. _ .. __ . _ _! . ~.O 
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Appendix C-S. Number, density, and relative ranking of the contamination potential of multi-sector industries 

in 1998-9, Cedar Hammock Creek and Bowlees Creek watersheds. 

Basin size Ranksl Ranksl Ranksl Average 
Subbasinl (acres) #Pest./acre #Metals/acre #Hydroc.lacre Pest./acre Metals/acre Hydroc.lacre Rank 
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Appendix C-9. Number , density, and relative ranking of the contamination potential of multi-sector industries 

in 1998-9, Whitaker Bayou watershed . 

Basin size RankSI Ranksl Ranksl A veragt: 
Subbasinl (acres) #Pest./acre #Metals/acre #Hydroc.lacre Pest./ac re Metals/acre Hydroc.lacre Rank 
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Appendix C-IO. Number, density, and relative ranking of the contamination potential of multi-sector industries 

in 1998-9, Phillippi Creek watershed. 

Basin size Ranksl Ranksl Ranksl Average 
Subbasinl (acres) #Pest./acre #Me.tals/acre #Hydroc.lacre Pest./acre Metals/acre Hydroc.lacre Rank 
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Appendix E-l. Land use designations (FLUCCS) and assignments within the study area. 

FLUCCS - Land Use Assignment FLUCCS - Land Use Assignment 
1500 Industrial INDUSTRIAL 5300 extractive OPEN 
1300 Residential - High Density MFRlHDR 5300 Reservoirs OPEN 
1310 Single Family - High Density MFRlHDR 5330 lake OPEN 
1320 Moblie Home MFRIHDR 5340 lake OPEN 
1330 Multi-Family - Low Rise MFRIHDR 5400 Estuarine Waters bays and estuaries OPEN 
1340 Multi-Family High Rise MFRlHDR 6100 swamp OPEN 
1100 - Residential Low Density OPEN 6150 - Wetland Forest OPEN 
1110 Single Family - Low Density OPEN 6150 Stream and lake swamps OPEN 
1480 Open Space cemetery OPEN 6210 - Wetland Forest OPEN 
1790 Recreational Active OPEN 6300 - Wetland Forest OPEN 
1800 Recreational OPEN 6300 Wetland forested mixed OPEN 
1820 Recreation gol f course OPEN 6400 nonforested wetland OPEN 
1830 - Recreation Racetrack OPEN 6410 - nonforeated wetlands OPEN 
1850 Community Recreation OPEN 6410 Freshwater Marshes OPEN 
1850- park OPEN 6430 nonforested wetland OPEN 
1860 Community Recreation OPEN 6430 Wet Prairies r OPEN 
1890 Other Recreational OPEN 6440 Aquatic Vegetation 

r 

OPEN 
1900 Open Land Urban OPEN 6440 nonforested wetland OPEN 
1900 Open lands other OPEN 6450 nonforested wetland OPEN 
1940 Undeveloped land OPEN 6530 Intermittent Ponds OPEN 
2100 Agri Cropland And Pastuer OPEN 8330 Utlities water supply OPEN 
2100 Agri Intensive cropland OPEN 1370 RV Park OTHER 
2110 Agri Intensive Improved Pasture OPEN 1400 Commercial & Services OTHER 
2140 Agri Intensive row crop OPEN 1400 Retail and mixed Commercial OTHER 
2200 Agri Intensive OPEN 1410 Retail and Mixed Commercial OTHER 
2200 Agri Tree Crops OPEN 1410 Retail& Services OTHER 
2400 Agri Intensive OPEN 1430 Office OTHER 
2400 Agri Nurseries OPEN 1470 Retail and Mixed Commercial OTHER 
2410 Agri Intensive Tree Nuirsery OPEN 1700 - Institutional OTHER 
2430 Agri Intensive ornamental OPEN 1710 Educational Facility OTHER 
2500 Agri Intensive OPEN 1720 Other Institutional - religious OTHER 
2590 Agri Intensive OPEN 1720 Religious OTHER 
2600 Agri Other open lands rural OPEN 1740 Medical and Healthcare OTHER 
2600 other openland - rural OPEN 1750 Governmental OTHER 
3100 rangeland herbaceous OPEN 1770 Other Institutional OTHER 
3200 Rangeland Shrub Brushland OPEN 8100 - Utilities Transportation OTHER 
3300 rangeland mixed OPEN 8100 Transportation OTHER 
4100 upland forest OPEN 8110 - Utilities Transportation Airport OTHER 
4110 Upland Forests Pine flatwoods OPEN 8120 - Utl ilities Transportaion Railroad OTHER 
4200 Upland Forest OPEN 8140 road OTHER 
4200 Upland HardwoodForests OPEN 8200 Communications OTHER 
4250 Upland Forest temperate hardwood OPEN 8200 Communications OTHER 
4340 Upland Forest hardwood conifer mixed OPEN 8200 utlities Communication facility OTHER 
4340 Upland Forest mixed coniferous/hardwood OPEN 8300 Util ities OTHER 
4400 Tree Plantations OPEN 8310 utilities electrical facility OTHER 
5100 stream OPEN 8320 utilites e1ectral transmission OTHER 
5100 Streams And Waterways OPEN 8340 Util ites wastewater treatmentr OTHER 
5200 lakes OPEN 8350 Utilities Solid Waste Disposal OTHER 
5230 - Retention OPEN 1200 - Residential Med Density SFMD 
5240 retention pond OPEN 1210 Single Family - Med Density SFMD 



Appendix E-2. Land use by category and subbasin in the Hudson Bayou watershed. 
Land Use Category 

Subbasin Open I SFMD I MFRlHDR I Other I Industrial Total 

TOTAL 10. 11 24.11 7.21 51.4\ 7.1 1,753.9 
Percentage 0 .61 1.41 0.41 2 .91 0.4 100.0 



Appendix E-3. Land use by category and subbasin in the Cedar Hammock Creek and 

Bowlees Creek watersheds. 
Land Use Category 

Subbasin Open 1 SFMD 1 MFRlHDR 1 Other 1 Industrial Total 
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·········ciiWi~i······· .. 414.3 ~ 126.7 ~ 779.3 : 125.9 ~ 3.4 1,449.6 

TOTAL 947 .5 I 588.5 I 3,490.5 I 1,406.1 I 35.1 6,467.6 
Percentage 14.61 9.11 54 .01 21.71 0.5 100.0 

Land Use Category 
Subbasin Open 1 SFMD 1 MFRlHDR 1 Other 1 Industrial Total 

Percentage 24 .31 3.51 37.81 22.81 11.6 100.0 



Appendix E-4. Land use by category and subbasin in the Whitaker Bayou and 
Phillippi Creek watersheds. 

Land Use Category 
Subbasin Open 1 SFMD 1 MFRlHDR 1 Other 1 Industrial Total 
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Appendix F-l. Telephone contacts used for point source loadings determinations. 

Facility ID I Description 
Date of Initial 

First Contact Second Contact Response Data Received 
Call 

FLA134333 Atlantic WRF 07/30/99 John Ryan John Knowles Disposal is deepwell injection N/A 
378-6128 316-1534 

FLAOO4077I City of Sarasota 08/02/99 Doug Taylor Whitaker Discharge during prior 12 Yes - Cu, Ph and Zn 
months is 3 .85 mgd. Averaged 4 .0 mgd 
over past 8 years 

955-2325 

FLAOO32808 Southgate A WWfP 07/30/99 Michael Acosta Karen AADF = 1.2 mgd Yes - Cu, Ph, and Zn 
925-3088 925-3088 

FLA013382 Kensington Park -Monica Pkwy 08/04/99 Ron Fishkind 1998-99 AADF=0.304 mgd . Discharges No Metal Data Collected 
at Kensington Park 27th SI. 

922-3518/351-1094 

FLA13456 Kensington Park - 27th SI. 08/04/99 Ron Fishkind 1998-99 AADF = 0.085 mgd No Metal Data Collected 
922-35 18/351- 1094 

FLA013385 Meadowwood WWfP 07/30/99 Bob Last Monitoring 12/98 . Will call back with No 
results . 

371-5605 

I 
FLAOI3372 Bee Ridge WRF 07/30/99 Ken Stephens Trish Hindel Will Fax Results Yes- Cu, Ph and Zn 

316-1289 316-1732 

FLA013427 Dolomite Utilities - Tri Par Estates 07/30/99 Ward Wright AADF ~ 0.250 mgd Yes - Cu, Ph and Zn. Used 0.5 

• MDL for Cu and Pb. 
377-9456 



Appendix F·2. Discharge facilities reviewed . 

NAME LOCATION 

lBNIINO'tON , .... , ununBl MONICA PAIlWAYWWT'P InOOMONlCA ,AlIWAY 

In-VAN LBA.IID 11'7)0 IUMlIBIRY LAN& 

&AliIA V1IlA BlTATtiI 1)90IIAHIA VIITAIT 

WBADOWOOD WYI"TP '4160 17TM nwB8T 

IOUTH ClA.TBAWWTP 1)2OP PINBVAU.8Y OIIVl 

C\),IBlOTWBlWWTP 1S5IOAXW,,..,..DIIVS 

..... aA Y HOUle .u.u:NBHn WW'TP bllOO S LOClWOOD llDOI OIIVl 

&A.lAIOTA, an 0' • 1t'0'UI'IT 16041 IlTH In88T 

LAJ. B Tl'P8CANOB OONOO~INlU"'" WWTP 46H n,,&cANOB nAJL 

'ITU.ION WANU'ActVIINO I"'CAT1\..BNA.NIOAD 

188 l1008WJ:P 4OOIION.\IOo\D 

joAlWOOO OAJ:D~WWTP 4CD5 IOUTH ICHOOL AV8NU8 

YOD81" roo IUTAUIAHT lU41AJilA\I)ITA 

HOUOH1'ONWAOWAN ' ..... TN8l.HIP, LTD . ,." 'IUITVlLUlIOA.D 

DOLOMITB ununu nl.'M WWTP Ida lUND 1100' 011\18 

CAJfB&A.QWWTP 4001 IOUTH TANIANI TlAil. 

DOLOMITB ununu TlMB CBNT1JI. 'NWTP ,., IALUOTA C8HTIII. ILYD. 

PIOCTOI lOAD WW'T? l'NOICBI'l"U 100\0 k)untOPW1UII'«>N 

WMOICA1.. awNl 01' IAlAIOTA""""" )IQO liB lIDOBIOA.D 

1881 ........ ' ,LACS UTIUTYWW'T? lfQ(J)(X)A.NUT AVBNUI 

LA'I POltiIT OONOOWINIUM 400 LAJ.8 f'OlMT OIIVB 

LOHClWOOO IUN ununBl WWTP Q50 LONOINOOO lLYn . 

IBNlINOlON PM' unUTlU21'nt STIIBT l46L 01 . NAitnN LUni81 'INO 11 , 01lV8 

loA' HAMWOCl '.OI' .CTI.(I8NBVA Cli8l) lie IkIS 11008 lOAD 

OOLO ... ITB ununu PIUITVIu.8 'NWTP I'I,WBNDBL IBHTIOM 

(-..000 •• 1008 BJ'TA1W NO' WlUINIONWlWln lOAD 

..... 'UOTA COUNTY A.l8A. TlAI'GIT PAaUTY sxe PINtNBY AVBNUB 

P.P.L. WWT AUlOwonVBCBNTBa ))44Ilntrn:IiBT 

LAUIILOAl (DUNnY a.UII ODLP COUll' OP. 1:175 Diet WlLaON OIIVB 

AnAI"mCW.p IAHtA \l)ITADI . 

a.u:.uoTA, an OP , """"" 1M IlTH ITIBBT 

IOUTHIAY unun81 1«"10 lOum TANIANI TlAIL 

Type TREA1MENT 

PM ..... ITlIClUNO PlLTBl AcnVATBD 1UJ008 

'ri ... , ItypB III BXTBND80 AUAnON 

pri ..... ITYPBIII OOHTACTITAlIUZAnON 

pri ..... IBXTBHOBD AIIAnON 

Pri ... ,. ITY,al WUl.n·TlAlNTNO ITAOBIIOLOOICAL.'IOCBII 

,ri ..... ITYPS 11 BXl'BNDBO ABlATION 

,,; ..... ISXTBNOBD AMAnON 

,ullnG 

,,; .... IOOHVBNTIONAl. ACTIVAT1iO .LU008 

,,; .... IsxT'BNOBO AMAnON 

eou..ty ITYPB I/IAIDBNPHO 

,,;~. ITY'S III BXTBNOiD ABlAnON 

,,,..... 1 HXT&NOtiD A.HlA nON 

'';'41' IBXTBN080 A.SaATlON 1'0 A ,UOOt..A.TlON I BVAJIOlATlON POND 

,';..t. 

,,; ..... 
prj ..... 

"-'Y 

''''41. 
,,; .... 
, ri ... t. 

OO~'L8l11 ~IX ACTlVAT'BD'UJDOB, OiLOIiNATlON,I'ILTWATlON, 'UIUC 
ACC&IIIPIAY 1III00TlONON IOLUNOOIB&NOOU' (DUIiB 

TYPe III Bl(TBNDBO o\UATlON 

BXTBNOBO ABaATlON 1'0 OUOU PONDII TYPIIII 

BXTBNOBD o\BlATIONI. 411t1 dnitli ... 

TYPB III BX1BNDBO ABlAnON 

TYPBIII roNTACTITAlIUZATlON 

IIXTBN08D AMATION 

Pri..t. ITYPS II BXTBNOBD ABlAnON 

P,; ..... IIIXTBNOBO ABRATION 

Pri .. I. IIiXTl/.NOBO A.8lAnON 

'';'41. I(DNTACT I'TAIIUZAnON 

,ri..... I 8X'T'i&NOBD A.8lA nON 

c-., 

,';..t. 

P,; .. I. 

Dooi&n 
Capodly I DiI ..... 11 LAY I LONG I SUBBASIN I BASIN 
lM!'Pl 

__ For Il-,jedloa 

o.~ '1_ 21.»nol 12.49790lllA.MOtlA , .. II.,i hillai_ 

O.ceo '1_ 27,)16611 l2.uoooIWAINC ,frl,illipi I:='::~"'" < 5. el ........ 

0.040 '1_ 27.Jl:5ul 1l.41&JJIu". ,Hlu.. I'Iiillipi I:=":':::-I~a-. < 5. J ... .-. 

0."4 '1_ 21J151'" 1l.411C1I.lAHOilA ,ilillipi I ....... 

1.)60 IDi.-.. 21.) 15.01 12 ,506OI1 ... ·'HIWPPI ,Ioilliri 1:=:':::::.:--<"01 ... · ..... 

0. 161 '1_ 27.27»61 12 .4414llllAHOtAA '1IOIIip; 1:::.:.-;:.. ..... < n J .... ... 

a.a '1_ 11.~1 G.50llfIN·,..IW,,, '~lIiti 1:='::~ ___ <"011"-k.i. 

21.>47241 Il.DCU ~oIw .......... 

0.C>l0 11_ l1.lI911 1 1l.416P04It..A.TBlAL,u '~lIiti I:='::~'- <~. aI ... · .... 

0 .... l1.»4111 G .4 .... INAJf'lC P~II" 1:=":':::"'--- < sa 0I''' '~. 

I .~ 11_ l1.lOOMi G ,)NUINAJN A P~lIipt I:=':::I~"'" < ,. 0I ... ,~ ... 

O.OOP 10i.,_ l1.~'1 CUl'l I IL,.PHIWP'I PWllipi I:==~"'" < sa 0I .... ~_. 

0 .... 11 .)l1)~1 G .sawlw·PltlW',1 P~lIipi I:::';':-:W'-- <,. ........... . 
0.0(8 101., ... 21.)41111 G .4IH4INA1NC ,Wllipi l:=":::~ --- < sa 0I ... ..Mti. 

0 .... 1- l7,)75.)l 1l."" .. 1A" Wlr.i..ul .... ~ 

0 .... Oi .... 27.lfI69r4 1l.5)QOOIL,.'HIWP,1 P~II" I::.:.:,:::.,. ..... < ). oI'.'~' 

0.01' 1- 27.,....7 1l.4OM7IMA1N C "~lIipi I:=":::~"'" < ,. 0I .... ~. 

0 .... 1- l7.:zrTJ9 1l.51<D6IIBOIUO ,lMllipi I:==~"'" <,. 01 .......... 

0.015 Ditp ... 27.~ 1l,41lQKIw ·'HIW'" '~lIipi I:=':~ .... "'" < ,. 01 ....... 

0 .... 1- 21. )7)1)() G .4""IMAlNI Pllill.,. 1:::"::::.:-- < ,. 0I .... k.. 

O.COI 1- 17.l96lIoI 12.4molw,PHIW,,"1 Pllilliti 1:==:"'-· < ,. 01 ......... 

0.21) 11_ ll.l1U4l 12.41IDIMAlNI ,.lIipi 1:::'::::::- < ,. 0I .... ~. 

0. 115 11_ 27'»SII5I D .51mll)·4 WlIitMel ....... D.....,.. rro. ~ .. ~ rllil;I;. It t~. 
I ... i .. . 

0.010 l7.)lSlJl 1l.4awlu"u. 'HILl. ,lIillipi 1:::':._:"' ___ <,. ........ ""..;. 
0 . • 00 11_ 21.li56~1 1l.4d5,IMAlN C PWllipi I:::.!'::W--- < 5 ...... ~-. 

0.01~ 27.lt4171 12.516941.8OIUO 'llillipi I:=':.~ ... --- < ,. ... ,,, ,~, 

)7,214721 1l.41ZZ'l1.IIOIUO '~lIiti II~ittMI"_-'. 01 ...... 

l7..)47711 1l.5436II1» Wlr.i~II .. _in.l"_"".D~. 

27.lf'77'Il G ,OOlIIMAlNA PWlliti 1:=..:=:;:. ...... < ,. 0I .... ~. 

1.750 ID •• _ l7.)ltoi l ., .""",.Iu" .. 'HILL PIliIH,i lo..wtlll"liMl'" t-~'IIWAOlJn""''R46NTPIANT ,---t----I- ---+--+----------I 
~~·- - l_"ODLP,BD 1AI0BNrHO 10.100 Ia-~ 27.)4I(l1 G .Sl109 WlliI ... I .... ~ 

p"""" ~~=~'!,.~~~=AcnVATBO.LUD08DOWUTIC o.m 1._ 27. 1'H1I G .41"O H .... lo..oIW ....... 



Appendix G-l. Computed point and non-point source loadings and ranks by basin for Hudson Bayou. 



Appendix 0-2. Computed point and non-point source loadings and ranks by basin for Cedar Hammock 
Creek, Bowlees Creek, and Whitaker Bayou. 

Basin size I Copper I Lead I Zinc Average 
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Appendix G-3 . Computed point and non-point source loadings and ranks by basin for Phillippi Creek. 

Bisin size I Copper J Lead 1 Zinc Average 
Subbasin (acres) I Ib/yr I Ib/aclyr I Rank] Ib/yr 1 Ib/aclyr] Rank 1 Ib/yr 1 Ib/aclyr T Rank Rank 

Branch AA 3374 .0 ~ 167.5871 0.050 ~ 4 l 188.029~ 0.056 1 4 ~ 1 039.666 i 0.308 ~ 4 4.0 
'BnmdijjA:' ·· ······4421:4 ~ ··· ·· j59j86r · · · · · ····o:08 ·i T·········9 ········T ·····4Oii :s90j"·········o:092T········S· ······· T ···2·i3·i·::.;si! ··········O :48i j"· ·· ·····9···· · ··· · ............. "8:, 

:·:·t~:~~:>·:·:·:·:·:·:·::·~JF:·:·:·:·:J~~~1t.r:·:·:·:·:·:·:·:t·~:~E·:·:·:·:·:·:·:I:·:·:·:·:·:·:]:·::·:::·:·:·~:::~l:·:·:·:·:·:·:·:·}~::r:·:·:·:·:·:·:·:r·:·:·:·:·:·:T·:·:·:·::~f{~~~I:·:·:·:·:·:·:·:·:·~:::m:[:·:·:·:·:·:.:.:~.:.:.:.:.:.:.:>.:.::.:.:.:.:.:.:.:.:.:JJ 
Lateral AB 1099.9~ lOO.355 ! 0.091 ~ 11 ; 1l6 .797 ~ 0 . 106 ~ 11 ~ 544.742 ~ 0 .495~ 10 10.7 

~~ iiiiiiimni ,~j~[ ii~~Li :t iiT ,!-m[iiiiiiill[ j~ ]iiiim;t l~~Liii~ iiiiiiiiiiiiiiid:i 
Main A 7458.L 144.067! O.OW 1 i 155 .793 ~ O.02l l 1 ~ 887.733 i O.IW 1 1.0 ·····MiiiO·o···· ·······2800:8 ~······ i·29:·406r ······ · · · oji46·~···· · · ··· j· ········; · ···· "i"50:892 ~··········O·.054r ·· .. ···3·········T .. ···797ji9·;·· .... ····0:284 ~ .. ·· .. · .. 3··· .. ···· ............ jjj 

·····MiiiO·c· .. · ····· ···6ji·4j·~ · · ···· i·89jior ·· .. ·· .. ·o·:03oT······ .. ·2····· ·· .. f · ····ioi·:2oo ~···· .. ····o:·03ir .. ·····i ········T····i·i93·::.;37·;····· .. ···O : 'i89 ~······ ·· ·i ···· · ··· ···· ·········2:0 

:.:~~~~~.<:.:.:.:.:.1~f~.r.:.:.:.J~{~~r.:.:.:.:.:.:.:.:.:~.:.~r.:.:.:.·.:.:.J.f:.:.:.:.:.}.:.:.:.:.:~.~:;:~~.r.:.:.:.:.:.:.:.}}~;:[:.:.:.:.:.:J{:.:.:.:.:.:.:r.:.:?::..~;ll~I:.:.:.:.:.:.:.:.:.~:;:~.r.:.:.:.:.:.:.}f:.:.:.:.:>.:.:.:.:.:.:.:.:.:.:.}~.:~ 
Uper Phill 844.4 ~ 68.519! 0 .081 : 8 ' 79.007 ~ 0.094 l 9 35 1.547 i 0.416~ 8 8.3 



Appendix H-1. Combined rankings of subbasins in Hudson Bayou for potential contaminant sources due 

to historical activities . present day industry. multi-sector facilities . and modeled point 

and non-point source stormwater runoff. 

Subbasin Historical Present I Multi-Sector I Modeled Combined Final Basin Rank 

020101 27 .3 28.7 ! 1.0 ; 6.7 15.9 31 
020102 26 .31 17.71 1.0: 42.3 21.8 38 
020104 27.7 28.0! 29.7 : 23 .3 27.2 41 
020105 31.7 47.01 32.3: 35.7 36.7 47 
020107 33.3 50.0 i 1.° i 50.0 33.6 46 
020203 23.0 49.7 1 27 .7 i 48 .0 37.1 50 
020302 25.01 24.7 1 1.0 ' 36.3 21.8 37 
020304 1.0 1.01 1.0 ' 28 .0 7.8 18 
020306 1.0 1.0! 1.0 ' 13.0 4.0 8 
020307 23 .7! 1.0! 1.0 17.3 10.8 24 
020308 1.01 20.7 ! 1.0 34.3 14.3 29 
020310 1.0, 21.7 i 1.0 4.3 7.0 15 
020311 1.0, 22.01 1.0 41.7 16.4 33 
020314 1.0l 1.01 1.0 27.7 7.7 17 
020316 24.3 1 1.0l 1.0 23 .0 12.3 

~ 
27 

020317 1.0 1.0! 1.0: 22.0 6.3 12 --
020318 1.0 23.01 1.0; 32.0 14.3 30 
020320 1.0 1.01 1.0; 26.3 7.3 16 
020321 1.0 26.0! 1.0 43 .3 17.8 34 -
020323 

- 1.0, 24.0! 30.3 18.0 18.3 35 
020324 1.0 1.0! 1.0 10.0 3.3 6 
020325 1.0 1.0! 1.0 ; 35.7 9.7 21 -
020328 1.0 1.0! 1.0: 30.7 8.4 19 
020330 1.0 1.0! 1.0 , 8.3 2.8 5 
020331 1.0 1.0! 1.0! 3.3 1.6 2 
020332 1.0 17.01 1.0 ' 7.0 6.5 13 -
020333 1.0 1.0! 1.0 3.3 1.6 3 - -
020334 1.0 1.0! 1.0 4.0 1.8 4 -
020401 1.0 1.0l 1.0 11.0 3.5 7 
020402 1.0, 1.0: 1.0 16.0 4.8 10 
020403 1.0 1.01 1.0 14.0 4.3 9 ---
020404 1.0, 16.0 i 1.0 17.3 8.8 20 ----
020405 1.01 1.0! 1.0 24 .0 6.8 14 
020406 1.0 1.0! 1.0 · 21.0 6.0 11 
020407 34.3 1.01 1.0 15.0 12.8 28 
020409 1.0 13.7J 1.0 , 25 .0 10.2 22 -
020411 1.01 1.0: 1.01 39.0 10.5 23 
020412 1.01 33.0 1 33.7 ; 51.0 29.7 43 
020413 1.0 29.7 ; 31.0 33.0 23.7 40 
020414 32.71 32.3 j 34.3 11.7 27.8 42 
020415 1.01 1.01 1.0: 1.7 1.2 1 
020416 33.0 1.0! 1.0 ' 28.7 15.9 32 
020417 29.01 1.0! 1.0 12.0 10.8 25 
020418 

-
25 .7 1.0! 1.0! 17.3 11.3 26 

020419 26.3 14.0 i 1.0; 49.0 22.6 39 
020420 44.7 1.01 1.0 : 38.3 21.3 36 -_._-
020422 46.31 25.3 1 33.0 : 43 .3 37.0 49 
020501 16.7 i 29.71 28.3 46 .3 30.3 45 
020601 44.0 37.7 27.0 , 46.7 38.8 51 
020701 17.31 31.0 31.7 ; 40 .0 30.0 44 
020801 47 .0 27.3 29.0 , 44.0 36.8 48 



Appendix H-3. Combined rankings of subbasins in Phillippi Creek for potential contaminant sources due 
to present day industry. multi-sector facilities. and modeled point and non-point source 
stormwater runoff. 

Subbasin Historical I Present Multi-Sector Modeled Combined Final Basin Rank 
Branch AA I 3.2 5.3 4.0 4.2 4 

Branch BA ! 12.5 4.8 8.7 8.7 10 
Branch C ! 8.8 4.8 7.0 6.9 7 

Centergate I 6.5 1.0 5.3 4.3 5 
Lateral AB I 9.3 7.5 10.7 9.2 11 
Lateral AC ! 8.8 1.0 5.7 5.2 6 

Linwood I 2.8 6.3 13.3 7.5 8 
L-Phillippi ! 3.3 13.5 12.7 9.8 12 

Main A I 4.7 1.0 1.0 2.2 1 --
MainB ! 7.2 1.0 3.0 3.7 2 
Main C ! 12.5 8.5 2.0 7.7 9 

M-Phillippi ! 10.7 7.2 13 .0 10.3 13 
Redbug I 12.8 9.3 10.3 10.8 14 

r--c 
Uper Phill I 1.8 1.0 8.3 3.7 3 
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