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EXECUTIVE SUMMARY 

Contaminated sediments are of environmental concern because they have been 

associated with reductions in the numbers of species as well as numbers of animals, 

or, alternatively, with the proliferation of "pollution tolerant" animals. The Tampa Bay 

National Estuary Program addressed both ecological and human health risks associated with 

contaminated sediments in a 1996 study. They found that, for Tampa Bay, ecological risks 

were associated with several metals but effects on human health were not indicated. The 

primary sources of metal contaminants to Tampa Bay include urban runoff, atmospheric 

deposition, and point-source discharges (e. g. ,industrial discharges and storm sewers). 

Charting the Course,  the management plan for Tampa Bay, includes among its 

objectives: (a) the identification of "hotspots" and sources of contaminants; (b) the 

improvement of both stormwater treatment and source-controls in order to ameliorate these 

"hotspots"; and (c) to continue to monitor the bay for changes in response to remediation. 

Sediment monitoring for metals, pesticides, and hydrocarbons has been an element 

of the Tampa Bay National Estuary Program's synoptic monitoring program since 1993. The 

completion of the 1996 sediment metals analyses now permit an assessment of "baseline" 

conditions of metal contamination from which to measure future improvements in Tampa 

Bay. 

The baseline conditions for trace  metal contamination of Tampa Bay, suggest that 

approximately 6% (24 mi 2 ) of Tampa Bay sediments are of "marginal" quality (low 

probability of being toxic to aquatic life) and barely 1% (4 mi 2 ) are "subnominal" (higher 

probability of being toxic to aquatic life). 

The most industrialized segment of Tampa Bay, Hillsborough Bay, shows the greatest 

degradation. Approximately  33% (13 mi2) of Hillsborough Bay sediments are of "marginal" 

quality (due to cadmium) and almost 8% (3 mi2) of Hillsborough Bay sediments are 
"subnominal" (due to chromium and nickel). 

Approximately 14% (5 mi2) of Boca Ciega Bay (1996 data only), 6% (5.7 mi2) of 

Lower Tampa Bay, 5% (4 mi 2 )  of  Old Tampa Bay, and 4% (4.8 mi 2 )  of  Middle Tampa Bay 

have sediments of  "marginal" quality. The Manatee River and Terra Ceia Bay sediments 

appear to be the least contaminated by metals, although almost 8% (1.5 mi2) of the 
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Manatee River is marginal with regards to silver. These Manatee County data also need to 

be viewed cautiously because these estimates are based upon only a single year of data. 

Approximately 5% (1.8 mi2) of Boca Ciega Bay, and only 1%  of Old, Middle, and 

Lower Tampa Bay have "subnominal"    sediments. 
Of concern is the observation, albeit based upon a very small subset of the data, that 

the Hillsborough, Palm, and Alafia rivers, show evidence of greater impairment than 

Hillsborough Bay proper and warrant additional attention. 
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SECTION I 

INTRODUCTION 

Tampa Bay has been the object of intensive investigations of sediment contamination 

by the University of South Florida (Doyle et al. 1985 ; Doyle et al. 1989; Brooks & Doyle 

1991 & 1992),  the National Oceanographic & Atmospheric Administration (Long etal. 1991; 

Long et al. 1994;  Daskalaskis & O'Connor 1994;  Long et al. 1995a; Carr et al. 1996),  and the 

Florida Department of Environmental Protection (Seal et al. 1994).  Coastal Environmental, 

Inc. (1996)  also summarized the results of several of these investigations. 

These studies have shown that the lower Hillsborough River, parts of Hillsborough 

Bay (e.g. ,Ybor  Channel), Allen Creek, Cross Bayou Canal, Bayboro Harbor, St. Petersburg 

Yacht Basin, lower Boca Ciega Bay, Bear Creek, parts of Middle Tampa Bay, and two 

locations in the Manatee River have sediments which are contaminated and/or toxic (Long 

et al. 1991;  Long et al. 1994; Daskalskis & O'Connor 1994; Seal et al. 1994; Carr et al. 1996). 

"Hotspots" were typically located proximate to point sources, storm drains, marinas, and 

canals (Long et al. 1991).  The least contaminated sites included Safety Harbor, central and 

eastern Old Tampa Bay, Big Bayou, Little Bayou, and Bayou Grande (Long et al. 1994).  

Where Tampa Bay sediments were found to be toxic, they were characterized by high 

concentrations of mixtures of chemicals. Among the metals found to be most often 

associated with toxic sediments were cadmium, copper, lead, mercury, and zinc (Carr et al. 

1996).  The  Tampa Bay National Estuary Program (McConnell et al. 1996)  has determined,  

via application of several risk assessment criteria, that chromium, copper, mercury, nickel, 

and silver are to be designated as  priority "contaminants of concern". 

Carr et al. (1996) concluded that "the frequency of the sediment guideline exceedences 

and the associated toxicity indicates that the...benthic community may be subject to adverse 

contaminant-induced impacts at a number of locations throughout Tampa Bay." Note  

however, that the NOAA studies selected sample locations to represent areas of known 

contamination (from prior studies) or areas likely to be contaminated (Long et al. 1994). A 

consequence of this sample design was that 70% to 80% of NOAA's study area was 

determined to be impacted (Carr et al. 1996).  Estimates of sediment toxicity ranged, 

depending upon the bioassay test, from 0.08% to > 80% of the 550 km2 sampled by NOAA 
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(Long et al. 1996). When concordance among two bioassays was set as the criterion for 

toxicity, only 0.1 % of Tampa Bay was considered to have toxic sediments (Long et al. 1996). 

This study is designed produce areal estimates of "subnominal" benthic habitat in 

Tampa Bay by adopting a  randomized, probability-based sampling protocol (see below). 

Rather than focusing on areas of the bay likely to be contaminated, as the NOAA studies 

did, this study design is unbiased (Coastal Environmental, Inc. 1994). The focus of this 

report is contamination of Tampa Bay by eight trace metals (arsenic, cadmium, chromium, 

copper, lead, nickel, silver, and zinc). Sampling took place over a four year "baseline" period 

(1993-1996) and included the four primary segments of Tampa Bay (Old, Hillsborough, 

Middle and Lower Tampa Bay); the Boca Ciega Bay, Terra Ceia Bay, and Manatee River 

segments were only surveyed in 1996. 

2 



SECTION II
MATERIALS & METHODS 

11.1. STUDY DESIGN 

Coastal Environmental, Inc . ( 1994)  designed the benthic/sediment contaminant 

monitoring program for Tampa Bay after the USEPA's Environmental Monitoring and 

Assessment Program ("EMAP") design (USEPA 1990).  The design is stratified (by bay 

segment), random, and probability-based; this design is capable of producing approximate 

unbiased estimates of the various environmental variables measured, as well as unbiased 

estimators of the standard error of the mean (Coastal Environmental, Inc. 1994). 

The mechanics of the study design are outlined in Coastal Environmental, Inc. (1994) 

and Grabe et al. (1996).  Strata definitions (i.e.,  bay segments: Old Tampa Bay [OTB], 

Hillsborough Bay [HB], Middle Tampa Bay [MTB], Lower Tampa Bay [LTB], Boca Ciega 

Bay [BCB], Terra Ceia Bay [TCB], and Manatee River [MR]) are after Lewis & Whitman 

(1985).  Sample locations for sediment contaminants were randomly selected in 1993.  The 

1994  sample locations were the same as 1993.  Sample locations were rerandomized for both 

1995 and 1996.  

Boca Ciega Bay, Terra Ceia Bay, and the Manatee River were only added to the 

sediment contaminant aspect of the program in 1996. Data were also generally lacking for 

four rivers (Hillsborough [HR], Palm [PR], Alafia [AR], and the Little Manatee [LMR]) 

during this period. To alleviate this  deficiency, a rectangular grid (2.5 km2) was 

superimposed over these rivers for the 1996 sampling. Random x,y coordinates were drawn 

until sampling points were located within the rivers. This  approach yielded three sampling 

locations in the Palm River and five in each of the other rivers. Samples were collected 

during September-October of each year. Sample locations are shown in Figures 1-7. 

II.2.FIELD METHODS 

Sediment samples were collected with a stainless steel Young-modified Van Veen 

grab sampler (0.04m2). Prior to sampling at each station in 1993  and 1994,  the sampler was 

rinsed with ambient bay water (Courtney et al. 1993).  In 1995  and 1996  the sampler was 
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Figure 6. Location of sampling stations for sediments in the Terra Ceia Bay segment of 
Tampa Bay, 1993-1996. 
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Figure 7. Location of sampling stations for sediments in the Manatee River segment of Tampa Bay, 1993-1996. 
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cleaned with Liquinox, rinsed in ambient bay water, and then again rinsed with pesticide 

grade isopropanol (Courtney et al. 1995).  

The upper two centimeters of the sediment was removed with a Teflon trowel and 

spooned into a stainless steel beaker. In 1993  and 1994  these tools were cleaned with 

ambient bay water before use at each location (Courtney et al. 1993).  In 1995  and 1996, both 

implements were cleaned with Liquinox, rinsed in ambient bay water, and then rinsed again 

with pesticide grade isopropanol (Courtney et al. 1995).  In practice two to three grab 

samples were required to produce enough sediment for the laboratory analyses. 

Once a sufficient amount of sediment was collected, the sample was homogenized 

by thoroughly mixing the contents of the beaker with the trowel. The mixture was then 

spooned into high density polyethylene jars for trace metals analysis and into 500-ml glass 

jars (lined with an aluminum foil barrier between the sediment sample and the lid in 1993  

and 1994  and with Teflon lined caps in 1995-1996) for organic analyses. Both containers 

were chemically cleaned (acid wash) prior to use. 

II.3. LABORATORY METHODS  

Sediments were dried to a constant weight and ground. Approximately 0.4-0.5g were 

then subjected to complete digestion (nitric acid, hydrofluoric acid, and perchloric acid in 

1993  and hydrochloric acid in 1994-1996);  a microwave digester was used for 1994-1996  

samples. 

Metals were analyzed by inductively coupled plasma mass spectrometry in 1993.  

Graphite furnace atomic absorption (As, Cd, Cr, Cu, Pb, Ni, Ag, and, in 1994, Zn) (USEPA  

1993) or flame atomic absorption (Al and, in 1995 and 1996, Zn) (NOAA 1993) were  

employed in subsequent years. 

Skidaway Institute of Oceanography (Savannah, GA), courtesy of USEPA-Gulf 

Breeze, analyzed the 1993 sediment samples; EPCHC’s laboratory staff analyzed sediment 

samples for 1994-1996. 

QA/QC of lab analyses was evaluated using standard reference materials (1993), 

matrix spikes and spiked duplicates. Accuracy was determined by analyzing the reference 

materials; the requirement was that the results be within 80-120%  of the certified values (T. 

Heitmuller, pers. comm. 19 Mar 1997). Precision was determined by comparing the “relative  
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percent difference" between matrix spike duplicates and matrix duplicates; the criteria was 

that the average relative percent difference be <30% (T. Heitmuller, pers. comm. 19 Mar 

1997). 

The method of determining the percentage of silt + clay (%SC) in the sediments is 

described in Courtney et al. (1993). 

II.4. DATA ANALYSES 

Data from the 1995 Hillsborough, Palm, Alafia, and Little Manatee river samples 

were pooled with samples collected in 1996 from these specific strata. Data from these rivers 

were treated in a descriptive manner only; inferential statistics were not applied to these 

data. 

Analysis of variance (ANOVA) was used to test for equality of segment means for 

the %SC  and for each of the trace metals (Neter et al. 1985). Where the bay segment means 

were not equal (p < .05), Bonferroni comparisons were made to determine which segment 

means differed (Neter et al. 1985). 

The association between %SC  and the metals concentration of that sample was 

evaluated with linear regression and correlation (Neter et al. 1985). The %SC was arcsine 

transformed and the metal concentrations were log,, transformed to normalize variances for 

each of these statistical analyses (Neter et al. 1985). 

Three sediment quality assessment guidelines (SQAGs) (MacDonald 1995) were 

applied to these data: a measure of anthropogenic enrichment, a measure of contamination 

by individual metals, and an integrated measure of contamination for all of the metals. 

Anthropogenic enrichment of sediments was determined using the metal: aluminum 

normalization developed by Schropp et al. (1990) for Florida estuarine sediments. Upper 

and lower confidence limits for sediments not enriched and indicative of "background" 

conditions were established for a suite of metals (arsenic, cadmium, chromium, copper, lead, 

nickel, and zinc). Values falling above the upper confidence limits are indicative of 

anthropogenic enrichment; values falling below the lower confidence limits may represent 

laboratory error. This normalization is not available for silver. 

"Marginal" and "subnominal" sediments were designated by comparing concentrations 

with the Threshold Effects Level (TEL) and Predicted Effects Level (PEL) concentrations 
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developed by MacDonald Environmental Services, Ltd. (1994) for Florida estuarine 

sediments. Both the TEL and PEL were based upon an assessment of integrated biological 

and chemical data, including bioassays and field studies. The TEL is defined as the 

concentration (of a metal in this case) below which adverse biological effects are never 

observed. The PEL is defined as the concentration (of a metal) above which adverse 

biological effects are likely. 

Recent studies have shown that there is generally a high probability of biological 

effects when metal concentrations exceed the "Effects  Range Median" (ERM) (Long et al. 

1995b), a contaminant concentration which is similar to the PEL (Table 1). The likelihood 

of biological effects is quite low when metal concentrations are less then the "Effects Range 

Low" (ERL) (Long et al. 1995b), a contaminant concentration which is similar to the TEL 

(Table 1). 

Sediments were designated as "marginal" if a metal concentration exceeded the TEL 

and was less than the PEL. Sediments were designated as "subnominal" if a metal 

concentration exceeded the PEL. 

Another approach in identifying contaminated sediments is to compute the ratios of 

individual metal concentrations to the PEL and then avaerage these over all metals (E. 

Long, pers. comm. 11 Aug. 1997). For Tampa Bay, a PEL quotient of 1.6 has been proposed 

as an Assessment Target (MacDonald 1997). This metric better addresses the overall impact 

of mixtures of contaminants then do the other two SQAGs. 

Cumulative distibution functions were plotted, by bay segment for each metal and for 

the PEL quotient, to permit areal estimates of "marginal" and "subnominal" bay bottom. 

Table 1. Summary of TELa,
ERLb,      PELa, and ERMb concentrations (ppm) 

of trace metals. 

METAL TEL ERL PEL ERM 
Arsenic  7.2 33.0 41.6 85.0 
Cadmium 0.68 5.0 4.2 9.0 
Chromium 52.3 80.0 160.0 145.0 
Copper 18.7 70.0 108.0 390.0 
Lead 30.2 35.0 112.0 110.0 
Ni cke I 15.9 30.0 42.8 50.0 
Silver  0.73 1 .o 1 .77     2.2 
Zinc    124.0  120.0 271 .O 270.0 
a after MacDonald Environmental Services, Ltd.  (1994) 

after Long & Morgan (1990) 
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SECTION III
RESULTS 

III.1. PERCENT SILT + CLAY & METAL CONCENTRATIONS 

The mean %SC was significantly different (F6,47L = 22.5 ;p < . , between bay

segments (Hillsborough, Palm, Alafia, and Little Manatee river sediments were not 

considered in the ANOVA). Hillsborough Bay sediments had the highest mean %SC of the 

seven bay segments; the mean %SC for the other six bay segments were similar (Figure 8). 

Concentrations of each of the metals were positively associated with %SC (Table 2). 

The weakest association was with arsenic and the strongest associations were with silver and 

cadmium (Table 2). 

Table 2. Summary of linear regression analyses: Association of metal 
concentrations (log10 n+ 1 ppm) with the percentage of silt + clay 
(arcsine %SC .5 ): All bay segments. Tampa Bay, 1993-1996. 

Meta I 
Arsenic 
Cadmi  um
Chromium  
Copper 
Lead 
Ni cke I 
Silver 
Zinc 

Const ant 
0.14 

-0.05  
0.51 
0.23 
0.06 
0.12 

-0.02 
0.21 

%SC Coefficient  F 
0.62 97*** 
0.55 520* * * 
1.77 324*** 

274** * 
405*** 

1.58 
1.90 
1.55 339*** 
0.22 567***
2.23 341 *** 

*** p < .001 

df r2 

1,403 0.19 
1,403 0.56 
1,403 0.44 
1,403 0.41 
1,403 0.50 
1,403 0.46 
1,403 0.58 
1,403 0.46 

III.2 STATUS OF THE BAY SEGMENTS 

III.2.1.0ld Tampa Bay: More than half of Old Tampa Bay has sediments with < 5 % 

silt+clay and approximately 9% of this bay segment was composed of fine-grained sediments 

( > 20% silt+clay) (Figure 9). Metal:aluminum ratios showed that Old Tampa Bay sediments 

were not generally enriched by any of the metals (Figure 10). There was, however, evidence 

of contamination by each of the eight metals studied (Figure 11). Approximately 5 % (4 mi2)

of Old Tampa Bay sediments were "marginal" (Figure 12) and approximately 1 % (0.8 mi 2)

were "subnominal" (Figure 13). The PEL quotients were all below the threshold level of 
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1.6 (Figure 14); Old Tampa Bay sediments were generally among the lower ranked bay 

segments in terms of mean PEL quotients (Figure 15). 

III.2.2. Hillsborough Bay: Approximately 25 % of Hillsborough Bay had sediments 

with a >20% silt+clay fraction, and almost half of this bay segment had sediments with 

< 10% silt+clay (Figure 16). A large fraction of Hillsborough Bay was enriched by cadmium 

and zinc, with lesser areas enriched by chromium, copper, lead, and nickel; there was no 

evidence of enrichment by arsenic (Figure 17). Concentrations of cadmium, chromium, 

copper, lead, nickel, silver, and zinc were significantly higher in this bay segment than in the 

other bay segments (Table 3). Sediments were marginally ( > TEL < PEL) contaminated by 

each of the metals, but particularly by cadmium (> 30%  or > 12mi2) (Figures 12 and 18). 

Approximately 8% (3 mi2) of Hillsborough Bay was subnominal for chromium and nickel, 

with lesser areas subnominal for cadmium, copper, lead, and zinc (Figures 13 and 18). The 

PEL quotient for Hillsborough Bay showed that only a single sample exceeded the threshold 

value of 1.6 (Figure 19). The mean PEL quotient was the highest of the seven primary bay 

segments; only the three rivers draining into Hillsborough Bay had higher mean quotients 

(Figure 15). 

III.2.2.1 Hillsborough River. Eight samples were analyzed for sediment 

contaminants in the Hillsborough River proper during 1995 and 1996. The silt+clay 

composition of the sediments sampled ranged from 0 to near 20%  (Figure 20). Sediments 

were generally enriched by cadmium, copper, lead, and zinc (Figure 21). there was evidence 

that sediments were marginally contaminated by cadmium, chromium, nickel, lead and silver, 

and at least one site was subnominal for copper, lead and zinc (Figure 22). On an areal 

basis, this abbreviated data set suggests that up to 62%  of the Hillsborough River may have  

sediments of "marginal" quality (Figure 12) and 12.5% of the river has "subnominal"  

sediments (Figure 13). None of the Hillsborough River sediment samples exceeded the PEL 

quotient threshold (Figure 23) although the mean PEL quotient was second only to the 

Palm River (Figure 15). 

III.2.2.2 Palm River. Five samples, two in 1995 and three in 1996, were analyzed 

for sediment contaminants. The silt+clay fraction exceeded 40%  in two of the samples and 
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was   < < 10%  in the remaining three (Figure 24). Meta1:aluminum ratio data are shown in 

Figure 25. Arsenic was the only metal which did not exceed either a TEL or a PEL 

(Figure 26). The Palm River, albeit with a very small database, had the highest overall mean 

PEL quotient for metals (Figure 15) although no sample had a quotient much higher than 

1 .o. 

III.2.2.3 Alafia River. Eleven samples were analyzed for trace metals during 1995- 

1996. One-third of the sediments had a silt+clay content >=20%  (Figure 28). More than 

70%  of the samples showed evidence of enrichment by cadmium and zinc (Figure 29); 

enrichment by other metals was infrequent. At least half of the sites were "marginal" with 

respect to cadmium concentrations; a smaller percentage of the Alafia River was marginally 

contaminated by copper, chromium, lead, nickel and zinc (Figures 12 and 30). The PEL 

quotients for the Alafia River samples were all <0.5  (Figure 31), although the mean 

quotient was the third highest in the study area (Figure 15). 

III.2.3. Middle Tampa Bay: The majority of Middle Tampa Bay had sediments of 

low (<5%)  %SC (Figure 32), although there were several sites (e.g.,Apollo Beach canals) 

with >20%  silt+clay. There was little evidence of anthropogenic enrichment of this bay 

segment by any of the metals (Figure 33). Marginally contaminated sediments constituted 

only a small fraction of Middle Tampa Bay (Figures 12 and 34) and only zinc ever exceeded 

the PEL (Figure 29). The PEL quotients for Middle Tampa Bay never exceeded 0.5 (Figure 

35) and the mean quotient was <0.1 (Figure 15). 

III.2.3.1 Little Manatee River. The silt+clay component of the Little Manatee River 

sediments ranged up to less than 10% (Figure 36). There was little evidence of enrichment 

(Figure 37) and no evidence of contamination (Figure 38). The PEL quotients for the 

Little Manatee River never exceeded 0.1 (Figure 39) and the mean quotient was <0.1 

(Figure 15). 

III.2.4. Lower Tampa Bay: The %SC of Lower Tampa Bay sediments was 

uniformly low (<l0%) (Figure 40).  Anthropogenic enrichment by each of the metals 

occurred at only a small fraction of locations in Lower Tampa Bay (Figure 41). Less than 

10% (9.5 mi2   of Lower Tampa Bay was marginally contaminated by arsenic, cadmium, and 
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chromium (Figures 12 and 42); the copper concentration at station 96LTB01 (off Pt. 

Pinellas) exceeded the PEL (>200 ppm) (Figure 42). PEL quotients for this bay segment 

were all <0.3 (Figure 43) and the mean quotient was the second lowest of the seven bay 

segments (Figure 15). 

III.2.5. Boca Ciega Bay: Grain size data (1995 and 1996) showed that approximately 

10% of Boca Ciega Bay had sediments with >20% silt+clay (Figure 44). There was some  

evidence of cadmium, copper, and zinc enrichment (Figure 45). Cadmium, chromium, and 

copper concentrations exceeded the TEL at two to three sites (Figure 46); there was 

evidence of copper contamination (>PEL) at station 96BCB31 (in the Bird Key Middle 

Grounds just west of Indian Key). PEL quotients were all <0.5 (Figure 47) and the mean 

PEL quotient was ranked fifth out of the seven primary bay segments (Figure 15). 

III.2.6. Terra Ceia Bay: Sediments in the seven Terra Ceia Bay samples were 

generally of low (<5%) silt+clay content (Figure 48). Enrichment by copper and zinc was 

evident at only a single station (Figure 49). Sediments in Terra Ceia Bay were judged to be 

"nominal" (all metal concentrations <TEL) (Figures 12 and 50). PEL quotients were 

uniformly low in Terra Ceia Bay (Figures 15 and 51). 

III.2.7.Manatee River: Approximately half of the Manatee River sediments had 

< 10% silt+clay and no areas sampled had more than 20% silt+clay (Figure 52). Manatee 

River sediment metal concentrations were generally within normal background levels 

(Figure 53) with copper-enriched sediments detected at only a single location. The Manatee 

River segment of Tampa Bay was judged to have "nominal" sediments throughout (Figure 

54). PEL quotients were uniformly low in the Manatee River (Figures 15 and 55). 

III.2.8.Synthesis: Six percent (25 mi2) of Tampa Bay sediments were estimated to 

be of "marginal" quality. Metals contributing to this pattern include arsenic (3.3% or 13 mi2), 

cadmium (6.4% or 25 mi2), chromium (5.7% or 23 mi2), copper (4.6% or 18.3 mi2), and 

nickel (3.5% or 14 mi2) (Figure 12). "Subnominal" "Subnominal" sediments constituted a considerably 

smaller fraction (0-1%) of the bay (Figure 13). 
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SECTION IV 

DISCUSSION 

A spate of investigations conducted during the mid-1980s through early 1990s have 

shown that Tampa Bay has depositional areas with sediments contaminated by various trace 

metals (Doyle et al. 1985; Doyle et al. 1989; Long et al. 1991; Brooks & Doyle 1992; 

Daskalaskis & O'Connor 1994; Long et al. 1994 ; Seal et al. 1994;  Long et al. 1995a; Carr et 

al. 1996), and where sediments may even be toxic (Carr et al. 1996). The management plan 

for Tampa Bay (TBNEP 1996) has summarized the sources, extents, and impacts of toxic 

contaminants, including trace metals, in the estuary. Objectives of this management plan 

include the identification of "hotspots" and sources of contaminants, improvements both 

stormwater treatment and source-control to ameliorate these "hotspots", and to continue to 

monitor the bay for changes in response to remediation (TBNEP 1996). 

Generic sources of sediment contamination can include atmospheric deposition 

(Windom 1992; Golomb et al. 1997), point source discharges (e.g. ,industrial discharges and 

storm sewers: Shear et al. 1996; Iannuzzi et al . 1997), and non-point source runoff (USEPA 

1992). The primary sources of metallic contaminants to Tampa Bay have been identified as 

urban runoff (chromium, copper, lead, mercury, zinc), atmospheric deposition (cadmium), 

and point sources (arsenic) (Frithsen et al. 1995). 

Contaminated sediments are of environmental concern because they have been 

associated with reductions in faunal abundance and numbers of species (Somerfield et al. 

1994; Hall & Frid 1995; Morrisey et al. 1995;  Hansen et al. 1996), and the proliferation of 

"pollution tolerant" species (Ward & Hutchings 1996). Sediment contamination to the extent 

that biological community structure and function is altered can alter the trophic structure 

of the community and ultimately could be manifest as changes to higher trophic levels (e.g., 

fish, birds). 

McConnell et al. (1996) addressed both ecological and human health risks associated 

with contaminated sediments in selected areas of the Tampa Bay estuary. Ecological risks 

were associated with several metals (e.g. ,chromium, copper, mercury, and nickel in upper 

Hillsborough Bay). Human health effects have not been indicated for any of the metals. 
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Anthropogenically enriched sediments were found throughout Tampa Bay. Highest 

incidences were in Hillsborough Bay (especially cadmium and zinc), the Hillsborough River 

(cadmium, copper, lead, and zinc), and the Palm River (cadmium, lead, and zinc). The 

frequency of enriched sediments was lowest in the Little Manatee River, Terra Ceia Bay, 

and the Manatee River-- all areas with few samples and limited spatial coverage. 

Cadmium enrichment was the most widespread of any metal in Tampa Bay. Given 

that phosphoritic sediments are typically enriched with cadmium (Nathan 1984), that central 

Florida sediments are rich in phosphate, and that the phosphate fertilizer industry is the 

primary industry using the Port of Tampa (Tampa Bay Regional Planning Council 1986), 

this trend is not unexpected. 

Approximately 6% (23.9  mi2) of Tampa Bay sediments are estimated to be of 

"marginal" quality with respect to trace metal contamination. Hillsborough Bay, which is the 

most industrialized bay segment, showed the greatest incidence of enrichment and 

contamination. Approximately 8 % (3.2 mi2) of Hillsborough Bay sediments were sufficiently 

degraded to be classified as "subnominal"; as much as 34% (13.7  mi2) of Hillsborough Bay 

segments were defined as "marginal" (for cadmium). Barely 1 % (3.9 mi2) of Tampa Bay 

sediments were found to be "subnominal" (for chromium and nickel). The trend is for metal 

concentrations in Tampa Bay to be higher where the percentage of fine-grained sediments 

are also higher (cf. Brooks & Doyle 1991), as is generally the case (De Gregori et al. 1996). 

The Manatee River segment appeared to be the least contaminated by trace metals, 

although only a single year of data are currently available. 

The Hillsborough, Palm, and Alafia rivers, each of which discharge to Hillsborough 

Bay, show evidence of greater impairment than Hillsborough Bay proper. The databases for 

these rivers are, however, quite sparse and these trends need to be viewed cautiously. 

The ecological impact of sediments defined as "enriched", "marginal" and 

"subnominal" using the SQAGs may actually be less than is implied by these data. 

Contaminants, such as trace metals, need to be "available" in order to impact resident biota. 

Bioavailability is not necessarily correlated with the environmental concentrations of a 

particular contaminant (Arjonilla et al. 1994). Abiotic factors which may determine 

bioavailability include acid-volatile sulfides, iron-oxides, redox potential/pH, and salinity 
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(Bryan & Langston 1992). Of these ancillary variables, salinity is the only one measured in 

this study. 

The behavior and physiology of the benthic taxa will also determine the degree to 

which a species is impacted by contaminated sediments (Rainbow 1990). Sessile deposit 

feeders, such as the polychaetes which predominate in Tampa Bay (e.g. Mediomastus  spp., 

various Spionidae; Grabe et al . 1996), are more likely to be affected by contaminated 

sediments than vagile fauna (e.g.,crabs, shrimps), which may be able to leave or avoid 

contaminated areas (Hebel et al. 1997). Additionally, some species are capable of 

physiologically regulating tissue concentrations of a particular metal(s) to the extent that 

body burdens do not correlate with environmental concentrations (Samant et al. 1990). 

Likewise, fish species which prey upon deposit feeders or which swallow quantities of 

sediments while feeding are also more likely to accumulate contaminants (Mac & Schmitt 

1992). 

The data collected during 1993-1996  to establish "baseline" conditions for Tampa Bay 

show a somewhat lower incidence of trace metal contamination than reported in other 

studies of Tampa Bay (Long et al. 1991; Coastal Environmental, Inc. 1996; Long et al. 1996). 

This is likely due, at least in part, to differences in study designs and objectives, as well as 

criteria for contamination. The present study is designed to provide unbiased estimates of 

variable means for each of the bay segments, as well as Tampa Bay as a whole. The NOAA 

studies (Long et al. 1991; Daskalaskis & O'Connor 1994; Long et al. 1994; Long et al. 1995a; 

Carr et al. 1996) targeted putative depositional areas known to be contaminated and 

therefore would be expected to depict a "worst-case" scenario. Additionally, there are 

differences in the criteria for contamination. The current program has adopted the 

guidelines developed for the State of Florida (MacDonald Environmental Sciences Ltd. 

1994) whereas the NOAA studies employed Long & Morgan's (1990) criteria. 
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SECTION V 

RECOMMENDATIONS 

1. Contaminant data (including organics) still need to be assessed in concert with the 

biological data, particularly with the Benthic Index, as they become available. 

Such an analysis will facilitate interpretation of "cutoff" points to demarcate 

"healthy" from "subnominal" benthic habitat. 

2. Outside funding should be sought to support bioassay analyses, as recommended 

in MacDonald (1997). 

3. The Sediment Quality Triad (Chapman 1990) should be invoked as an interpretive 

tool should a bioassay database be developed (MacDonald 1997). 

4. Consideration should also be given to securing outside funding to determine the 

status of organotins in Tampa Bay. Organotins have been used as a component 

of anti-fouling paints on ships (Langston 1990) and therefore are likely to be 

present in those parts of Hillsborough Bay where hull-stripping and repainting 

activities exist. Organotins are quite toxic at low concentrations (Langston 

1990). Whether organotins provide an ecological risk to Tampa Bay is 

unknown. 

5. Sampling is to be expanded to include the Hillsborough, Palm, Alafia, and Little 

Manatee Rivers for the years 1997-2000 to establish "baseline" conditions. 

Efforts should be made to secure funding to support and perhaps expand this 

river sampling. This recommendation is predicated on the possibility of 

freshwater withdrawals or additions to these rivers and their possible affects 

on the resident biota (cf. TBNEP 1996). 
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