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Executive Summary

The Tampa Bay Benthic Monitoring Program was initiated in 1993 by the Tampa Bay National
Estuary Program as part of a baswde monitoring effort to provide data to area managers and

to track longterm trends in the Tampa Bay ecosystem. The monitoring program is a cooperative
effort between Hillsborough, Manatee and Pinellas Counties, with the Environmental Protection
Commission dHill shorough Countynanaginghe biological and sediment contaminaample
processing and data analysis. This report covers théviesty-five yeas of monitoring datéor

the progran(19932017). A total of 1791 sites were sampled and analyzeddovironmental
characteristics, sediment chemistry, and benthic community composition.

The medan sample depth bayide was 2.fneterg(range 0 13.3 meters) Bottom salinities
rangedfrom O to 36.3suwith abaywide median salinitpf 26 psuandover66% of the
sampling sites were within the polyhaline salinity range3Q@&su).Salinities were variable
between years with the lowest salinities occurringd@512003 2010 and 201&ndthehighest

in 2007 Salinities were significantly different beden bay segments with the highest salinities
being recorded in Boca Ciega Bay and Lower Tampa &&y lowessalinitiesin the Manatee
River. Bottom dissolved oxygen was relatively high-lage with a median value & 22 mg/L
and78% of thesamplinglocations hadalues? 4.0 mg/L. Several areas of hypoxX&2 mg/L)
were found, typically in Hillsborough Bay and portions of Old Tampa, Bét Hillsborough

Bay having the greatest occurrence of bottom hypoxia and anoxia

Mediumgrainedsandysediments predominated in all bay segmeaarigHillsborough Bay had
the highest percentage of muddy and very fine grain sedintdigtspercent silt+tay
measurements also ocaenlin Boca Ciega Bay and the Manatee Riwdedian sediment total
organic cgbon was 0.55% and ranged from-9.8%bay wide

Cadmium(Cd) concentrationsended to be high throughout Tampa Baith 40% of the
samplesexceeding the Thresld Effects Level (TEL)1.6% of the samples were above the
Potential Effects Level (PEL) fdoxicity. However, he cadmium:aluminum ratio indicated that
the observed Cd concentrations were not elevated above backgrounihlevest samples
Chromium, copper, nickel, lead andawerealso high at a small percentage of siteh
elevatedconcentrationgprimarily found in Hillsborough Bay and the Manatee River.

Polycyclicaromatichydrocarbons (PAHs)oncentrationsvere generally low with no obsexat
PEL exceedancesnd only 158% of the samples exceeding the Tt total PAHsS Some
individual PAH compoundsadhigherconcentrationswith thelow molecularweight PAHs
acenaphthene aratenaphthylee exceeding their TELs at78% and5.78% of the sites
respective}, and other Low Molecular Weight PAHs exceeding their TELs at betwéei?d of
t he s i tfaacenaghtBend) acenaphthylene, phenanthrene and total low molecular weight
PAHswere exceeded at <1% of the siféstal High Molecular Weight PAHs were above the
TEL at3.63% of the sitesElevatedconcentrationsf Dibenzo (a,h) anthracemeere found at
over13% o the siteswith 1.1% exceeding tHeEL All the measured high molecular weight
PAHSs exceeded their TELs atminimumof 3% of the sites and had PExceedancest 03-
1.1% of the sitesThe highesbverall concentrationsf PAHs were observed in Hillsborough
Bay followed by the Manatee River and Boca Ciega Bay.



Total Polychlorinated Biphenyl@PCB9g exceededhe TEL in 1.70% of the samplesvith
highest valuefoundin Hillsborough Bay. Most of the nasured pesticiddsad TEL and PEL
exceedanceat a few sites. Lindane and the DDT derivatDBE, exceeded their respective
TELs in around 2% of samplelsindane TEL and PEexceedancesccurred at scattered sites
throughout the bayvhile DDE concentramnswere highest in Hillsborough Bay and the
Manatee River.

In order to evaluateesliment contaminant levela grading system based on the average PEL

ratios for the entire suite of measured sediment contaminants that had established sediment
qualityg ui d el i n.éfse sddihénCeondaminant level for a given sample was assigned a
lettergrade (A, B, C. D, Faccording to itsnean Probable Effects Level (PEL) ratio. The PEL

ratio grades were based on the overall distribution of PEL ratios acreasngllesn our

database that includdxbth sediment chemistry and benthic community regihlisincluded

samples collected for other programs and special prqject®,682 sampleshites that fell

within the 10th percentile (lowest 10% PItios, ie. least contaminated sediments) were

assi gn &dtesamthiniha10-25"per cent i | e wesiteswithmtheBned a 0
75"percentil e wesiteswithh the WA germc&ICt i | e wgre assi g
sites abovethe 9per e nt i | e we r e Masssies fglivitidn atnh i Fl@0 r ange
ADO and AFO0 graded sites were found agod i marily
Boca Ciega Bay.

About 1600benthictaxa(approximately 1150 species level idgre identifiedover thetwenty
five-year monitoring periodThemedian number of taxa psample wa86 andranged from O to
176 taxa per sample. There was a general trend of increasing species richness touands the
bay, with the highest number @ba being recorded in Lower Tampa Bay and Boca Ciega Bay
There wasan overall increasg trend in species richnegger time The abundance of benthic
organisms ranged from 0 to 183%organisms/ry, with a median 06,3250rganisms/rh

Middle Tampa Bayd Old Tampa Bay had the highest abundances while the lowest abundance
wasobservedn Terra Ceia BayThere was an increasing trend in abunddrama 20122017.
Seven taxa accounted for 25%tloe overall benthic abundance. Tdephalochordate
Branchiosbma floridaewas the most abundant speciscounting for 29% of the total benthic
abundanceThe other top ranked taxa included knachiopodGlottidia pyramidata4.23%), the
polychaeteKirkegaardiasp. (previously identified aglonticellina cf.dorsobranchiali¥(3.43%),

the bivalveMysella planulatg3.91%), unidentified\aididaeoligochaetes (3.36), the
amphipodAmpelisca holmegP.65%), andthe gastropo€aecum strigosurt®2.50%). The
Shannon Diversity Index increased towards the lowgrdradwas highest in Boca Ciega Bay,
Terra Ceia Bayand Lower Tampa Bay. The lowest median diversity values were in
Hillsborough Bay and the Manatee River.

Similarity analysidetween sampling years indicated that the Tampa Bay benthic community fell
into five tempor&groupings:19932002 (Group A); 2004+2008009 (Group B); 2003+2005
(Group C); 20122017 (Group D); and 2010+2011 (Group H)219932002 group was
characterizedy Branchiostomdloridae, Kirkegaardiasp. andCaecum strigosunThe
2004+20062009 groupnas represented byaididae Kirkegaardiasp., Mysella planulataand

the polychaet&abricinuda trilobata The 2003+2005 grouwas characterized lifie bivalve
Amygdalum papyriunNaididae Kirkegaardiasp.,, andGlottidia pyramidataThe 20122017



group was characterized Byanchiostoma floridagNaididae Kirkegaardiasp, Caecum
pulchellumandAmpelisca holmesand the 2010+2011 group was representeNdiglidae, the
gastropodBittiolum varium and the polychaetéGrkegaardiasp, Paraprionospiosp, and
Aricidea philbinae

The Tampa Bay benthic community fell into two main spatial assemblages, according to a
species similarity analysis that averaged by bay segmieatioWer segments of the bay (Middle
and Lower Tampa Bay and Bo€iega Bay) forming one group aHdlsborough Bay, Old
Tampa BayTerra Ceia Bayand the Manatee River forming the second grdine lower bay
segmentsvere characterized Branchiostoma floridaeNaididae the maldanid polychaete

( A bamb o oClymenellamiugosathe spirorbid polychaetdeodexiospira steuerand
Fabricinuda trilobata The other bay segmentgere characterized by high abundances of
Ampelisca bimesiKirkegaardiasp, Mysella planulataNaididae, and the bivalvdulinia
lateralis.

Analysis between the environmental factors and the benthic species composition indicated that
the sediment composition was the strongest factor structuring the benthic community, followed
by dissolved oxygen.

The Tampa Bay Benthic Index (TBBMas developd as a measure of the health of benthic
habitats in Tampa Bayhe TBBI is scaled from-Q00 with values <73 classified as

ADegr aded®,asifi no mrofa@nddi a>t8e7 as fAHealt hsgrd. Depaucg
assigned a TBBI score of 0 and classifiedids mp The overallTBBI for the 19932017
monitoringperiod had anedian value 084 .67, which falls withinthei | nt e r roededdryat e o
for benthic habitat health. The high@$BI values were in the main portion of Tampa Bayd
Tampa BayMiddle Tampm Bay and Lower Tampa Baywhile lower values were found in
Hillsborough Bayand he Manatee River. Hillsborough Bay had the higtheumber ofi Enptyo
samples (412%) and onehird of the sites were classifiedi@D e g r .aldedVidriatee River,

Terra CeiaBay, and Boca Ciega Bay also hadhnyii D e g r aitdsgl&30%). Old Tampa

Bay, Middle Tampa Bay and Lower Tampa Bay had few emipdg(0-1.5%) and <20% of the

sites in each segmeneveclassified agi D e g roavile X147% of the sites in each of thes
segmentsweredas i f i ed aBaywide] £aof thersgmplewerefi Eptyo, 19.71%

were classifi38B8aas il ydandddde chida thdHeherd wavhan o .
overall increasing trend in the TBBI score over tiffiee baywide median TBBI was

continuouslyy n t he fAHeal t h-3007. r ange from 2013

The National Estuary Program Coastal Condition Report published in 2007 included an

evaluation of the estuarine condition in Tampa Bay based on samples collected by the National
CoastalAssessment (NCA) monitoring program (USEPA 2007). The NCA collected sediment
samples from 25 sites throughout Tampa Bajuly 2000 These samples were analyzed for

benthic invertebrate community structuaed the condition of the benthic community was

evaluated at each site using the Gulf Coast Benthic Index (GCBI) developed for the Louisianan
Provence EMAP program (Engit al.,1994; Engle and Summers 1999). The condition of the
benthic community at each stati e2b.wWas fArFatied a
GCBI score was between 3.0 and 5.0, and APoor
The overall benthic community condition for the estuary was rated based on the following



criteria: fAGoodo iifP o<o rlo@cue@dl >50% madesGiotoas GBI a
scor e; AFairo i f 1O0i% otoor 02cOE®@Beb0% df theesiteshatla s h a d
combinedi P o eandfo F a®QBbscoreandi Poor 0 i f >2 0 9% Poofo rtoh eGGB It e s
score. The overall benthic community dition for Tampa Bay based on these criteria was rated

as APooro with 36%A®PbotrbedGlBAS si 2@% hatve chgas |
as nNnGoodo (USEPA 2007) .

The benthic community condition of thaywide monitoring samples was evaluategimng

the same criteria for AGoodo, WAFairo, and fAPO
(USEPA 2007, howeverwe utilizedthe Tampa Bay Benthic Index and its scoring criteria for the
individual samplesather than the GCBI used by the ERReslts from this anlysis are

presented in the table beldwy year and bay segment, as well as the ovieagdlvide condition.

Thebaywide benthic condition was calculat@dtwo ways:1) by simply evaluatingll the

samples equallyand2) by proportionallyweighing the samples based on their bay segment area

in order to compensate for differing sampling densitiesachbay segmentverall bay-wide

results were consistentwthh e NCA r ati ng o f5yearfbnonitoringgwithr 12 o f
10yearsr at i ng aads heFadiasd t hr ee .Weighingsthesamplesng as 7 Ge
proportionally by theibaysegment area increakthebaywider at i ng fr om f&wPoor o

7 of theyeass, andboth1995an®2 005 i ncr eased f,whileBOlBEIi r 0 t o AC
remained at ed a(see haGle hbeldvw)

In addition to the TBBIthis report has attempted a preliminary adaptation of the AZTI Marine

Biotic Index (AMBI). The AMBI wasdeveloped for European estuarine and coastabsdifbom
environments (Borjat al.,2000, Grall and Glémarec 1997). The AMBI assigns individual taxa

to one of five ecological groups (Gl, GllI, GllI, GIV, GMyith group GI consisting of the most

pollution sensitive taxa and GV consisting of the most pollution tolerant taxa. A Biotic

Coefficient (BC) is then calculated based on the percent abundance of each ecological group

The BC has a continuous range fror60 wi t h empty (AAzoi ®of)f. sampl e:
The BC scores are further assigned to a site pollution classificeiogthe following BCscore

ranges

0.0<BCO 1APnpoll uted?d
1.2 < BRSDOi gh8ly pollutedo
3.3 < B&EM®abl Y pollutedo

5.0 < BEH®a®%i Dy pollutedo
BC= 7 (AAzoiidBxsammekeyg)poll utedo

Gillet et al.,(2015) adapted the AMBI for the United States coastal waters by assigning the
ecological groups to regional species lists, including the Gulf of Mexico. We applied the Gulf of
Mexico ecological groups to our Tampa Bay taxaifisirderto calculate a ragnal AMBI

Biotic Coefficient andassigned site pollution classificatmnNerefer to thisregional indexas

the Gulf of Mexico (GoM) AMBI.The GoM_AMBI classified most of the Tampa Bay sites as
AiSSightly pollutedo.

We further attempted to refine the AMBpecifically to our Tampa Bay monitoring dataset by
compiling all samples in our database that had both sediment chemistry and benthic species data



available (n=2,682 samples). We included samples collected from Special Study locations as part
of theBay-wide Benthic Monitoring progranas well as other project® include more

freshwater and low salinity siteas well asreas of high sediment contamination. The compiled
samples were assigned to a pollution category based on their bottom dissolvenl catggory

and sediment contaminaREL GradeThesamplesvere assigned factors based on their PEL
Grade and bottom dissolved oxygen category (i
species compositions were averaged within these factors in PRWERNdthe zereadjusted
Bray-Curtis similarity (Clarkeet al.,2006) was calculated ondih root transformed abundance

data. The resulting similarity matrix was useddiisteranalysis to group similar species
assemblages. These cluster grompse then sed to assign individual taxa the AMBI

ecological groupsThe final BC value was adjusted using the formulaB() x (10/7)] to

rescale the final index fromD0 wi th empty samples scoring as
towards 10 indicatingelss polluted sitessh er eaf t er referred to as the
AMBI 0 (Adj. TB_AMBI ). The site pollution BC
000i1. 39 = AExtremely pollutedo
14012. 89 = fAHeavily pollutedo
29015. 29 = AMetvbadqy pol
53018. 29 = ASlightly pollutedo
830110. 00 = AUnpol l utedo

The Adj. TB_AMBI results classified mositesa s i U n p; bowéver theeAdj.oTB_AMBI
is still underdevelopmentand the threshold values for the site pollution categories mayoeed
be adjusted.

Tampa Bay has shown tremendous improvements in water quality and seagrass recovery since

the early 1988. The results from this report indicate that the benthic community is now

healthier, with increasing trends in overall species rishaad abundanc&hese increases track

with improvements in water quality and seagme®gerage The Tampa Bay Benthic Index also

indicates an improving benthic community over time, most notably since 2013, when the median
baywi de TBBI wasalwtihyd nr arhgee icdeer y year through

The recommendation of this report is to maintain the current sampling design that has been in
place since 2005, with the possityilof increasing the number special study sites as needed to
evaluate areas of spacconcern to the Tampa Bay Estuary Program and regional bay managers.
We also consider including analysis for sediment microplastics as an additional parameter to our
monitoring efforts and suggest including the major tributaries as potential spedjasists!

during the next fear monitoring cycle.

Vi



Condition of Tampa Bay benthic communities based on the TBBI using the EPA's National
Coastal Assessment program criteria.

Year | HB oTB MTB LTB TCB MR BCB | Baywide Vs;‘;‘a’:gs*
1993 Fair Fair Fair

1004 [HEE0N  Poor  Poor  Poor  Poor
1005 [JEE0N s o Fair =
1996 - Fair/Good* Fair Fair Fair Fair

1997 - Fair/Good* Fair/Good* _ Fair Fair

1008 [JEEON)  Far Far  Poor  Poor  Poor Fair

1999  Fair Fair Far [ SO Far Fair Fair Fair

2000 B e Fair Fair

2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017

Fair

Fair Fair Fair

Fair/Good* Fair

Fair

Fair

Fair Fair Fair/Good* Fair

Fair Fair/Good* Fair

Fair

Fair Fair

*Weighted by Bay Segment Area
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| ntroducti on

Tampa Bay is the largest open water estuarine system in the state of Florida covering a surface

area of over 1,030 khwith a surrounding watershed of 5,700%ewis andEstevez 1988).
The bay is surrounded by three counties (Hillsborough, Pinalt@sManatee) which have a
combined population of 2,807,0p&ople (U.S. Census Burea019; estimated population as of
Juy 2019;

https://www.census.gov/quickfacts/fact/table/manateecountyflorida,pinellascountyflorida,hillsbo

roughcountyfloridatacessed 12/30/20)1@nd includsthe cities of Tampa, St. Petersburg,
Clearwaterand Bradenton.

Program Background

The Tampa Bay National Estuary Program (TBNEP) [now known as the Tampa Bay Estuary
Program (TBEP)] was started in 1991 with the objeativéeveloping a Comprehensive
Conservation and Management Plan (®Nbr Tampa Bay (TBNEP, 1996)s part of the
CCMP, the TBNEP developed a basin wide monitoring progoameasure the effectiveness of
management decisions implemented under the C@NidRo gather further information to
reevaluate and revise the CCMP in the future (Hocheead),1992). During the design phase of

the monitoring programt was recommended that the benthic community should be included in

the monitoring effort and thatéh E PEAirenmental Monitoring and Assessment Program
(EMAP) sampling design be adopted (Hochbetgl.,1992).

The baywide Tampa Bay Benthic Monitoring Program was initiated in 1993. During the first
two yeas of the progranfield sampling was conducted by the Environmental Protection
Commission of Hillsborough County (EPCHC) and the Manatee County Department of
Environmental Management (MCDEMampling coverethefollowing baysegments:
Hillsborough Bay, Old Tampa Bay, MiddlTampa Bay, Lower Tampa Bay, Manatee Rigad
Terra Ceia BayStarting in 1995, Pinellas County Environmental Management joined the
monitoring efforts, initiating annual sampling in Boca Ciega Bay.

The TBNEP finalized the Comprehensive ConservaticharMa nage ment Pl an
C o u rfar €anpa Bayn December 1996 (TBNEP, 1996). The CCMP outlined the goals for
restoring and protecting Tampa Bay, set restoration taagedsput forth a list of specific action
plans for achieving these goals. Tenthic monitoring program plays an important role in

i Ch a

tracking the progress of these actions and providing important data for management decisions.

The benthic monitoring programbs objectives a
(Janicki Environmatal, 2003). As a result of this assessment, the reporting period was increased

from one year to four years, tiieimber of samples collected annually was cut in half (from 124
to 64 samples per yeagnd the Manatee River and Te@aiaBay were combinethto a single

sampling stratumThese changes were made retroactive to the year 2000 in order to alleviate a
backlog in sample processing at that time (Janicki Environmental, 2003). The resulting savings

in sampling effort were further redirected towardfecting samples from several areas of

concern (ASpeci al -3004sdmpkngsedsond.uri ng the 2002


https://www.census.gov/quickfacts/fact/table/manateecountyflorida,pinellascountyflorida,hillsboroughcountyflorida
https://www.census.gov/quickfacts/fact/table/manateecountyflorida,pinellascountyflorida,hillsboroughcountyflorida

The program was again redesigned in 2007 due to budget constraints. The second redesign
maintained a total @4 samples per year divided betweersdples collected for the bayde
monitoring design and 20 samples designated for special studylsieddanatee River and

Terra Ceia Bay were maintained as a sisgi@pling stratunand additionally Middle Tampa

Bay and Lower Tampa Bay were combinetbia singlestratum and the reporting period was
increased from four to five years. These changes were made retroactive to#O0Edesign

still allows for the detection of changes baigle on an annual basis and within strata between
five-yearreporing periods.

Met hods
Sampling Design

The Tampa Bay Benthic Monitoring Program employs a stratii@édom sampling strategy
adopted from the EPAOGS Environmdgidtuarles Moni t or i
(EMAP-E) design (Coastal Environmental, 199Aampa Bay is divided into seven segments

(after Lewis and Whitman, 1985): Hillsborough Bay, Old Tampa Bay, Middle Tampa Bay,

Lower Tampa Bay, Boca Ciega Bay, the Manatee Rarmadt Terra Ceia Bay. Each designated

segments treated as a sampling stratwith the Manatee River and Terra Ceia Bay being

combined into a single stratuf@oastal Environmental, 1994 ach stratum is overlaid by a

hexagonal grid system and a random sampling point is generated within each grid cell. The

sampling gridsizeis variale for each bay segmenk grid size of 13 krfis used ér Old Tampa

Bay, Middle Tampa Bay, and Lower Tampa Bay (Grabal.,1996)or a A7x70 gri d d
meaning a grid density twice enhanced by a factor of 7 from the base EMAP hé&x@gon)

(Coastal Environmental, 1994; Gragteal.,1 996 ) . A A7 x Pxsdugedfgrr i d (4. 4 |
Hillsborough Bay and Boca Ciega Bayhilea fi 7 x 7 x 7°)grid{s Lse®for thenManatee

River/Terra Ceia Bay stratum (Coastal Environmental, 1994; Gxiadle 1996. Sampling

points within each grid celirerandomized each yeawjth theexcepton of the first two years of

the programThe samplindgor the Manatee River/Terra Ceia Bay stratused the initial random

points generated in 1993 which were resamplesibsequent years until the program redesign

in 2003. The Manatee River/Terra Ceia Bay sampling bage beemandomized annually after

2003.
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Field Collection

Field and labor@ry methods were adopted from the EMER-ouisianan Province operations
manual (Macauley, 1993) and modified for the Tampa Bay monitoring progranafV&£e93;
Courtneyet al.,1995). Several modifications to the field sampling routine have been
incorpoiated over the yearas equipment has improved in ordesteamlinghe field sampling
and increase efficiency. The following is a brief outline of current field procedures.

Hydrographic Measurements A hydrographic profilevastaken at eachtation using a
Hydrola® multi-probe sonde. Measurememtsretaken from the surface (0.1 meters) to the
bottom atl-meterintervals for temperature, salinity, paind dissolved oxygen.

Benthic Macrofauna: Sediment samples for benthic macrofaunal conitpamalysiswere
taken at each site using a YouMgdified Van Vea grab sampler. The grab sampleswaken

to asedimentepth of 15 cm and covered area of 0.04 fmA 60 cccorer wasusel to take a
subsample foSilt+Clay analysis(see subsection bel). The samplevasemptied into a plast
bag and residual sediment waashed out of the sampler into the bag with squeeze bottles of
ambient seawater. An Epsom salt/seawater solwasadded to the sample (egalent to
approximately 1/®f the samplerolume) to relax the organisms. An internal station |z
added to the sample; the bagstied and stored on ice. Samplesresieved through a 0.5 mm
mesh sieve and thremainingfractionwasrinsed into plastic sample jars. Samplesefixed

with 10% buffered fomalin for a minimum of 72 houyand then transferred into 70% isopropyl
alcohol for preservation and storage. Rose Bewgaladded to the formalin and isopropyl
alcohol solutions to stain the organisi8arting in 2015, samples were fixasing

NOTOXhi stoE (Scientific Device Laboratory)
into70% isopropyl alcohol with Rose Bengal for preservation and storage.

Silt+Clay: A 60 cc subsampleras removed from the benthic macrofauna sediment grab using a
clear plastic syringe corer f&ilt+Clay analysis. The apparent Redox Potential Discontinuity
(RPD) layewasmeasured visually ith a ruler while the sediment wanthe corer. The

subsample wathen extruded into a HDPE sample jar and stamreice. An additional sample

was taken at 10% of the sites for QA/QC. Samplesestored at 4°C until processing.

Sediment Chemistry One or more additional sediment grab samplesetaken at each site
for sediment contaminant analysis depending on the sediment type. The grab sampler and all
sampling utensilsverefield cleaned with LiguiNox® detergent (Alconox, Inc. White Plains,
NY), rinsed with ambient seawater and decontamthatth 99% pesticide grade isopropyl
alcohol (2Propanol, FisherChemicals, Fisher Scientific Fair LaMd), priorto sampling Al
equipment and samplegerehandled wearing latex gloves. Ttog 2 cm layer of sedimemtas
removed from each grab using askass steel or Teflon coated spoon and placedtaialess
steelbeaker. If more than one gralastaken, the removed layeof sedimentverecomposited
in thestainlesssteelbeaker and homogenized by stirring. The homogenized savapléen
split, with one fraction being placed in a HDPE sample bottle for metals analydithe second
fraction beng placed in a glass sample yéth a Teflor lined lid for analysis of organic
compounds (pesticides, PCBs, PAHS).

(0]



Laboratory Procedures

Field data

Hydrographic and other field dateereentered into a MicrosdttAccess database maintained by
the Environmental Protection Commission of Hillsborough County.

Sediment Chemistry

All sediment chemistry samples were analyzed by the EPCHC, except fortiddeyaar of the
program (1993jvhen sampleswere analyzed by the Skidaway Institute of Oceanography
Savannah, Georgia. Organic samples were not processed for 1994 due to delays in equipment
installation andexceedancef sample holding times.

The sedment metal samplesereprocessed using a total digestion method with hydrofluoric
acid using a CEM MARS Xpress microwave digester. Analysisperformed on a Perkin
Elmer Optima 2000 Optical Emission Spectrometer according to EPA Method 200.7.

The or@nic samplesvereextracted using EPA Method 3545A (Accelerated Solvent Extraction),
followed by the cleanup methods, EPA 3630C (Silica gel) and EPA 3660B (coppeilysis

was @mpleted using EPA Method 8081 (organochlorine pesticides) and EPA Met®®d 80
(PCB congeners) on a gas chromatograph equipped with heaidaCaptureDetectors

(ECDs). Polycyclic aromatic hydrocarbon®AHs) wereanalyzed using EPA Method 8270c on

a mass spectrometer.

Silt+Clay Analysis

The Silt+Clayanalysis followed procedes outlined in Versar, 1993. This analysis was
conducted by Manatee County Department of Environméfaabgenent fom 19932001
except 1994when it was done by EPCH@nalysis was done thouse by EPCHGince 2002.

Benthic Community Analysis

Benthic sorting and identification wovkereconductedby EPCHCstaff for all yearsexcluding
1993 and 1997. In 1993, the identification work was catéchto Mote Marine Laborator
subcontracted to the Gulf Coast Research Laboratory (crustaceansj.tRart997 sample
processing was contracted to Versar, Inc. Benthic sediment sang®esorted under a
dissecting microscope into general taxonomic categories (Annklalkisks Crustaceansnd
Miscellaneoud axa). Resortingvasdone on 10% of theasnples completed by each technician
for QA/QC. The sorted animalsereidentified to the lowest practical taxonomic level (species
level when possiblegnd counted. Taxonomic identificatiowereconductedising available
identification keys and primarycntific literature All identification and count dataere
recorded on laboratory bench sheets and entered into a Microsoft Ada¢msisase maintained
by the EPCHC.



Data Analysis

Data Categorization

A Structured Query Languag8Q@L) routinewas used to assign samples to descriptive

categories for depth, salinity, dissolved oxygen, sediment &ygeTampday Benthic Index

(TBBI) score (Table 1)Rangedor depthcategoriesvere based on the median arithhd 3°

guartile values for all sapting sites collected for the bayide benthic mnitoring program from

19932004 The dissolved oxygerangesverebased on the state water quality standards and

salinity category rangewaerebased on the Venice System (Venice Symposium, 1959). Sediment
categories were estimated from percent silt+efasasurements and based on the Wentworth size
classsystetq cf . Perci val and Li nd3}wasdetdmbireedy. Sedi ment
regressing percent silt+clay (8€) vs. mean grain sizefor Tampa Bay dateollected byLong

et al.,(1994) using TableCurve 2D ver. S0ftware(AISN, 2000).These data were used to

develop the following relationship betweenS% and mean grain size:S&€= 1/

(0.0097+1.575*) (Adjusted f=0.947).Rangedor the Tampa Bay Behic Index were derived

by Janicki Environmental (2005) and Malleyal.,(2007) with the following modifications:

Negative TBBI scoreqtypically sites with very low abundance dominatedJaypitellid

polychaetes)were a b el e d a sandirémovedréfimi anaysisdepauperate samples were
assigned a TBBI score of 0O and | abeled as AEmM

In addition to the TBBIthis report has attempted a preliminadaptatiorof the AZTI Marine
Biotic Index (AMBI) developed for European estuarine and coastabstfomenvironments
(Borjaet al.,200Q Grall and Glémarec 1997The AMBI assigs individual taxa to one of five
ecological groups (GlI, GlI, GllI, GIV, GVwith group Glconsisting of the most pollution
sensitive taxa and GV consisting of the most pollution tolerant faBaotic Coefficient(BC) is
then calculated based on the percent abundance of each ecologicalggngughe following
formula proposed by Borjet al.,(2000):

Biotic Coefficient= {(0 x %GI) + (1.5 x% GlI) + (3 x% Glll) + (4.5x % GIV) + (6 x
%GV)}/ 100

The BC has a continuous range fro80 wi t h empty (AAzoico) sampl e:
The BC scores are further assigned to a site pollution classifizatiothe following BC sores:
0.0<BCOl12ifiUnpol | ut ed?o
1.2 < BESODIi §hB8ly pollutedo
3.3 < B&M®abBl Y pollutedo
5.0 < BEH®a®%i Dy pollutedo
BC = 7 (i Aziofi Ecxot rseanmepllye sppol | ut edo

Gillet et al.,(2015) adapted the AMBI for the United States coastal wateasdgninghe
ecological group$o regional species lists, including the Gulf of Mexico. We applied the Gulf of
Mexico ecological groupto our Tampa Bay taxa ligh calculate a regional AMBBiotic
Coefficientand assigned site pollution classificatitiereaftereferedto as the Gulf of Mexico
(GoM) AMBI.



We further attempted to refine the AMBI specifically to our TampaBawitoring dataset by

compiling all samples in our databasgith both sediment chemistry and benthic species (@ata

= 2,682 samplgsTo increase sample sizeewncluded samples collected fré@@pecial Study

locations as part of tHgay-wide BenthicMonitoring programWe likewise utilized samples

from other projectsncluding the Tidal Streanstudy(Sherwood et al 200/Predge Hole

studies(Grabeet al.,2005; Karleret al.,2018)andthe Hillsborough Independent Monitoring

Program (HIMP)in order to include more freshwater and low salinity sites and areas of high
sediment contaminatiohe compiled samples were assigned to a pollution category based on

their bottom dissolved oxygen category @ediment contaminant level. The sediment

contaminant level for a given sample was assigniattargrade (A, B, C. D, F) based on the

mean Prohlale Effects Level (PEL) ratio. The PEL ratio grades were based on the overall

distribution of PEL ratiogcross all sampleSites that fell within thelOth percentile (lowest

10% PEL atios i.e. least contaminated sedimgém®rea s si gned an AAd; sites
25"percentile were assi §-nA¥perac @mBtdi,| si werse wa ¢ hii g
sites within the 78-90" percentile wer@s s i g n e, dnd sitesialibde the OPercentile were

as si gn e the sites wérd-assigned factors based on their®fabe and bottom dissolved
oxygen category (i.e. ANormoxic_A, Anoxic_F e
averaged withithese factors in PRIMER v, @ndthe zereadjusted BrayCurtis similarity

(Clarkeet al.,2006) was calculated onudh root transformed abundance data. The resulting

similarity matrix was used for running a Cluster Analysis to grougtieeaged factorsy

similar species assemblages. These cluster groups were then used to assign individual taxa into

the AMBI ecological groups outlined abovihe BioticCoefficientwas calculate as with the

GoM AMBI. The final BC value was adjusted using the fornj(ifaBC) x (10/7)] to rescale the

final index fromQ@1O,wi t h empty samples scoring as AO0O0 an
indicating less polluted sitéshereaftereferredt o as t he AAdjusted Tampa
TB_AMBI). The site pollution BC threslds were similarly adjusted as follows:

000i1. 39 = AExtremely pollutedo
14012. 89 = fAHeavily pollutedo
29015. 29 = AMeanly pollutedo
530i8. 29 = ASlightly polluted?o
830110. 00 = AUnpol l utedo

TheAdj. TB_AMBI is still underdevelopment and a modetailed description of the
methodology will be given in a forthcoming report.

Potential toxicity levels for sediment contaminants followed the sediment quality guidelines
established for Florida coastal wateasd utilized the Threshold Effects Les€TELSs) and
Probable Effects Levels (PELSs) established for individual contaminants (MacDonald 1994;
MacDonaldet al.,1996).The metal:aluminunratio was used to determine if individsadiment
metalswere elevated relative to background levels (Schetb.,1990).

Univariate Statistical Analysis

Parametric and neparametric statistical analysis was done using Sigm&Stat(SYSTAT
Software, Inc. Q069. Data were log (n+1) aguareoot transformed for normalityvhere
neededfor the parametritests. All percensilt+clay data were arcsine transformed. Analysis of



Variance (ANOVA) with aHolm-Sidakpair-wise post hoc test was used to test for differences
between years or between bay segments. Where the assumptions of the ANOVA could not be
metby the data transformation, a nparametridKruskalWallis test was used along with a

Dunnés Pairwise Multiple Comparison test. Mu |
Correlations were calculated to find associations between the biological p@tyissal

parametersand sediment contaminants.

Multivariate Statistical Analysis

PRIMER v7(PRIMER-E, Ltd. 2015 Clarke and Gorley 20)®ndPERMANOVA+ for

PRIMER v7(Andersoret al.,2008) weraused for all multivariate statistical analysasd for
calculating univariate biological metrics (species richness, abundance, Shannon Diversjty Index
Pi e | Evamriess Species richnes§)ywas defined as the total number of taxhile

abundancéN) as number of individuals per’fcalculated ashie raw count x 25)The Shannon
diversity index H § calculations employed the natural logarithm opposed to log base 2 (Clarke
and Warwick 2001)PrincipalComponents Analysi$?CA) and PrincipaCoordinates Analysis
(PCO)weredone on the hydrographic astt+clay data to search for patterns in the
environmental data (Clarke and Warwick 208hdersoret al.,20098, the data was normalized
and log transformed prior to analysis. The zadgusted BrayCurtis similarity (Clarkeet al.,

2006) was calculateoh fourth root transformed abundance datad the resulting similarity

matrix was used farlusteranalysis, Noametric Multi-Dimensional Scaling (MDS), Similarity
Percentage (SIMPER), and Analysis of Similarity (ANOSIM). The RV procedure (Clarke
andAinsworth 1993) was used to find correlations between the environmental parameters and
benthic community structure.

Spatial and Graphical Analysis

Graphs were generated using SigmdPIdt.0software(Systat Software, Inc. 2006Bample

location and distributional maps were generated by Pinellas County Department of
Environmental Management. Species distributional maps were generated by the Environmental
Protection Commission of Hillsborough CountsingArcGIS 10.1 (ESRI, 2012



Table 1. Physicaland TBBI descriptors and threshold values

0-0.5m

Intertidal

>0.51.0m

Shallow subtidal

>1.02.0 m

Intermediate Subtidal

>2.04.0m

Deep Subtidal

> 4m

0-0.5 ppm

Deep

Anoxic

>0.57 2.0 ppm

Hypoxic

>2.0-4.0 ppm

Low

> 4.0 ppm

0- 0.5psu

Normoxic

Tidal Fresh Water

>0.5-5.0psu

Oligohaline

>5.0-10.0psu

Low Mesohaline

>10.0-18.0psu

High Mesohaline

>18.0-30.0psu

Polyhaline

> 30.0psu

0-1.70%

Euhaline

Coarse

>1.704.51%

Medium

>4.51-11.35%

Fine

>11.351 25.95%

Very Fine

> 25.95%

<0

Mud

Undefined

0

Empty

>071 73

Degraded

>731 87

Marginal

> 87

Healthy




Results and Discussi on

Sampling Locations

A total of 1791randomsites weresampledbetweenl 9932017 throughout the seven bay
segmentgFigure 2). The numbers of sites (n) are given for eactpkag year and bay
segment in @bles 2 and 3 respectivebnd illustrated in Figure 2. The numbersainples
collectedperyear andbay segmendecreasedfter2000 from the program redesign
although theoriginal sampling effort was maintained in Hillsborough Baéiie sampling
effort was further reduced in 2005 across all bay segm&héscurrent sampig design
includes approximately 44 bayide samples collected across 5 strata: Hillsborough Bay, Old
Tampa Bay, Middle + Lower Tampa Bay, Manatee River + Terra CeiaddayBoca Ciega
Bay. Additionally, approximately 20 samples are collectetksignated specialsly sites
each year to focus sampling efforts in areas of special int€resspecial study samples for
2010 were collected in Old Tampa Bay amd included with the 2010 OTB bayde
samples in the analysis.
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Figure 2. Tampa Bay benthic montoring sampling sites 19932017 by 5-year periods (A-E)
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and 25year cumulative data (F) Cumulative total = 1791sampling sites. Number of sites
by year in parenthesis.

Hydrographic and Sediment Characteristics

Table 2. Bay-wide bottom physical characteristics19932017by year. Top values are
medians, lower left= minimum, lower right = maximum.For TOC n = 366 ND = No Data.

Depth Temperature Salinity D.O. D.O. pH Silt+Clay TOC
Year n
(meters) (°C) (psu) (mgl/L) (% Sat.) (%) (%)
2.8 29.4 25.6 5.4 81.2 7.8 34 ND
1993 91
0.1 | 10.0| 25.9 | 312 | 43 | 34.2 0.3| 11.0| 41 | 166.5 6.5| 8.2 0.0 | 69.7 | ND | ND
3.0 28.0 22.7 5.0 74.6 7.9 29 ND
1994 90
1.0 | 8.0 | 24.9 | 30.7 | 7.2 | 34.8 0.2| 10.2| 3.0 | 150.8 7.1| 83| 0.0 | 86.8 | ND | ND
2.0 29.0 20.1 5.7 82.7 8.1 3.3 ND
1995 134
0.1 | 9.0 | 216 | 33.0 ]| 43 | 34.1 0.2| 11.3] 3.2 | 157.1 7.1| 85| 0.2 | 70.3 | ND | ND
2.9 29.4 26.1 5.0 76.9 8.0 4.4 ND
1996 132
0.1 | 13.2| 22.9 | 392 | 79 | 345 0.3| 93 | 41 | 144.1 6.9| 83| 0.8 | 75.4| ND | ND
2.2 28.9 27.6 5.3 80.3 8.0 6.6 ND
1997 123
0.1 | 11.8| 239 | 31.2 | 0.0 | 35.9 0.0| 140| 0.5 | 220.7 6.7| 871 0.0 | 81.1| ND | ND
2.5 28.2 24.1 5.6 81.7 8.0 3.9 ND
1998 120
0.1 | 125 25.1 | 334 | 18 | 33.0 0.4| 95 | 5.8 | 135.0 6.8| 841 1.0 | 39.4 | ND | ND
2.8 27.6 25.9 5.6 82.4 8.1 43 ND
1999 124
0.1 | 125] 25.9 | 320 | 9.0 | 35.0 l.0| 12.8 15.3| 190.5 7.4| 89| 0.8 | 82.2 | ND | ND
3.0 28.7 28.7 5.7 84.1 8.0 4.4 ND
2000 86
0.5 | 85 | 26.1 | 309 | 53 | 32.9 O.2| 9.1 3.4 | 140.6 7.3| 84| 0.1 | 91.8 | ND | ND
3.0 30.2 27.8 4.1 64.9 8.0 4.1 ND
2001 80
0.1 | 11.0| 244 | 324 22.0| 34.1 O.4| 10.7| 5.3 | 162.7 7.5| 841 15 | 57.8 | ND | ND
3.1 29.5 27.9 51 77.5 8.0 4.6 ND
2002 83
0.5 | 11.3| 279 | 313 | 9.2 | 34.5 0.3| 88 | 4.1 | 132.2 7.0| 89| 0.0 | 84.9 | ND | ND
3.4 29.2 195 5.2 73.0 8.0 5.0 ND
2003 78
0.1 | 9.0 | 26.3 | 345 | 0.1 | 334 O.2| 92 | 27 | 137.6 7.0| 86| 1.0 | 71.1| ND | ND
3.0 29.7 22.7 5.0 74.5 8.1 3.2 ND
2004 7
0.6 | 13.0( 24.0 | 31.4 13.9| 34.0 0.1| 11.0| 1.6 | 165.3 7.4| 86| 0.7 | 65.7 | ND | ND
2.2 30.0 23.9 5.3 77.4 8.1 3.6 ND
2005 35
0.5 | 13.3| 27.8 | 34.2 l7.9| 34.6 0.1| 6.7 1.8 | 104.4 7.2| 88| 1.1 | 329 | ND | ND
2.4 29.9 25.6 5.1 7.7 8.1 3.3 ND
2006 41
0.1 | 7.7 | 27.2 | 316 | 14 | 35.4 O.1| 7.8 1.8 | 118.5 7.5| 8.4 | 0.7 | 94.3 | ND | ND
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Depth Temperature Salinity D.O. D.O. pH Silt+Clay TOC
Year n
(meters) (°C) (psu) (mg/L) (% Sat.) (%) (%)
31 30.7 29.7 4.7 74.5 8.1 4.8 ND
2007 43
0.3 | 11.7| 27.7 | 335 18.3| 35.6 0.9| 10.8 14.8| 181.6 7.5| 86| 1.0 | 25.1| ND | ND
2.4 29.1 27.3 5.2 79.3 7.8 4.8 ND
2008 44
0.3 | 83 | 27.2 | 31.8 15.7| 36.3 2.8| 9.2 41.0| 136.0 7.2| 82| 14 | 64.1 | ND | ND
25 29.7 26.9 4.7 73.1 7.8 51 ND
2009 44
0.2 | 11.0| 28.2 | 333 ] 1.9 | 35.4 O.4| 10.1| 6.6 | 166.2 7.0| 82| 14 | 96.0 | ND | ND
2.1 29.2 21.1 5.0 74.9 8.4 4.1 0.4
2010 59
0.1 | 109 | 26.4 | 331 | 8.0 | 34.2 0.2| 8.7 2.6 | 125.0 7.0| 94| 09 | 7471 0.3 | 3.8
22 30.8 26.5 4.8 76.3 8.3 5.8 0.5
2011 44
0.5 | 11.2| 21.3 | 33.6 13.7| 34.2 O.1| 85 | 17 | 114.8 7.0| 88| 11 | 48.6] 0.3 | 6.8
2.8 30.1 23.0 4.8 73.6 7.9 5.7 0.4
2012 44
0.3 | 10.6 | 28.6 | 333 | 34 | 34.6 0.5| 76 | 75 | 115.5 7.2| 83| 1.0 | 60.3| 0.3 | 2.9
2.3 29.9 23.4 5.7 88.4 8.1 4.9 0.6
2013 43
0.4 | 6.7 | 235 | 33.9 16.5| 33.7 O.3| 10.7| 5.0 | 166.2 6.8| 86| 11 | 8491 0.3 | 8.3
2.6 31.1 27.4 4.9 78.1 7.9 4.2 0.7
2014 44
0.5 | 11.3| 30.2 | 33.8 16.3| 35.2 1.3| 7.7 20.3| 121.4 7.5| 84| 12 | 72.0| 0.2 | 8.3
2.6 30.1 22.0 4.8 71.2 8.0 3.6 1.3
2015 44
0.5 | 9.4 | 27.2 | 341 | 55 | 31.7 0.2| 9.3 2.4 | 144.6 7.3| 85| 1.2 | 43.8| 0.9 | 9.8
2.9 31.4 25.8 55 85.6 8.0 4.6 0.4
2016 44
0.3 | 93 | 271 | 32.4 15.2| 334 0.1| 83 | 17 | 133.5 7.5| 84| 12 | 495] 0.1 | 6.8
2.3 30.8 23.6 4.6 76.1 7.8 4.6 04
2017 44
08 )] 68 | 278 | 319 | 16.8| 32.7]| 0.1 | 89 21| 1395|7186 16| 789 04| 45
Cumulative 2.7 29.3 25.9 5.2 78.7 8.0 4.4 0.6
1791
19932017 0.1|133| 21.3 | 39.2 | 0.0 | 36.3| 00| 140 0.5 | 220.7( 65| 94| 0.0 | 96.0| 0.1 | 9.8
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Table 3. Bottom physicalparameters19932017by bay segmentTop values are medians,
lower left= minimum, lower right = maximum. For TOC, cumulative n = 366

Depth Temperature Salinity D.O. D.O. pH Silt+Clay TOC
Segment n
(meters) (°C) (psu) (mg/L) (% Sat.) (%) (%)
Hillsborough | 2.8 29.7 23.0 3.7 54.0 7.8 7.2 07
Bay o.1| 13.3| 255 | 345 | 01 | 30.1 o.o| 10.7| 05 | 166.2| 6.8 | 8.6 1.o| 96.0] 0.1 | 48
oldTampa | s 2.6 29.2 22.1 5.3 78.9 8.1 35 0.4
Bay o.1| 75 | 26.0 | 33.9 | 00 | 29.4 0.1| 12.8| 1.6 | 1905| 6.7 | 9.4 0.o| 91.8| 0.1 | 3.4
Middle 208 4.0 29.2 26.8 5.2 79.0 8.0 2.9 0.4
Tampa Bay 0.1 | 11.1| 26.0 | 392 | 8.1 | 324| 03 | 11.0| 4.3 | 165.3| 6.9 | 9.0 0.0 | 63.0[ 0.1 | 45
Lower - 4.0 28.5 30.6 5.8 87.5 8.1 24 0.6
Tampa Bay 0.1 | 13.0| 23.9 | 31.9 19.3| 35.0| 3.6 | 9.3 53.1| 137.2| 7.2 | 8.8 0.0 | 50.7 | 0.2 | 6.3
Manatee 103 2.0 29.0 18.8 5.2 77.3 7.8 5.6 0.9
River o.1| 70 | 221 | 341 | 04 | 31.5 0.3| 9.3 | 41 | 1446| 65 | 8.9 o.7| 55.4 o.1| 7.3
Terraceia | 110 2.0 28.5 26.0 6.0 88.4 8.1 46 0.6
Bay 0.1 | 50 | 21.3 | 33.3 10.1| 33.0] 1.8 | 10.1 26.8| 168.7| 7.4 | 8.6 0.0 | 25.4] 0.2 | 9.8
Boca Ciega | pg 1.9 29.7 32.2 55 85.8 8.1 6.4 0.6
Bay 0.1 | 74 | 216 | 335 20.4| 36.3| 0.9 | 14.0 15.1| 2207| 7.4 | 89|11 | 943 0.1 | 8.3
Cumulative 2.7 29.3 25.9 5.2 78.7 8.0 4.4 0.6
1791
19932017 0.1 | 13.3| 21.3 | 39.2 | 00 | 36.3| 0.0 | 14.0| 05 | 220.7| 65 | 9.4 ] 0.0 | 96.0 | 0.1 | 9.8
Depth

The medan sample depth bayide was 2./metas (mean = 3.0 metergigures 3 & 4, with a

maximum depth of 13.Betersfor theshipping channel in Hillsborough Bay (Tables 2 and 3).
Sample depths varied signifidhnbetweenyears (p = 0.019with median values rangg from 2
meters in 1995 to 3.heters in 2003 (Table 2; Figure Iheshallower depthsbserved in 199

may have been due in partdampling biasasthere was aasserteaffort to collect shallow

sitesthat yar. There was an apparent decrease in the average sample depth since 2005 (Figure
3). This can be attributed to fewer samples being collectda:Middle and Lower Tampa Bay
segments and an overall decrease in the number of samples collected.

Depthbetween bay segments were also significantly different (KW; p < 0.001) with the
shallowest median depth in Boca Ciega Bayd the deepest median depths in the Middle and
Lower Tampa Bay segments (Table 3; FigureMijldle and Lower Tampa Bay were not
significantly different from each othglbut were significantly deeper than the other bay
segmentsThere was a general trend of increasing depth towards the mouth of {fregoag 5)
However,the deepest sites warecordedn dredged shipping channelsdaport areas within

13



Hillsborough BayMost ofthe sampling sitesefl | wi t hi n t hange®D0d é.p Subt i
meters)haywide and within most bay segmer{itable 4). Over half of the sampling sites in the

Middle and Lower Tampa Bay segments weregaier i z e d watls depthd exeepding 4

meters (Table 4).
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Tampa Bay Benthic Monitoring Program
1993-2017
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Figure 3. Mean sample depth by year Error bars=95% confidence interval,dashedline
represents baywide mean.

Tampa Bay Benthic Monitoring Program
1993-2017
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Figure 4. Mean sample depth by bay segmen€&rror bars =95% confidence interval
dashed line represents bayvide mean value.
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Table 4. Percentage of sites within depth categoriegt9932017.

Hillsborough Bay | 407 | 7.86% 14.50% 16.22% 31.45% | 29.98%
Old Tampa Bay 268 | 8.58% 13.06% 18.66% 37.31% | 22.39%
Middle Tampa Bay | 303 | 6.27% 7.59% 10.89% 23.43% | 51.82%
Lower Tampa Bay | 221 | 3.17% 8.60% 10.86% 24.89% | 52.49%
Manatee River 193 | 7.25% 20.21% 31.61% 21.76% | 19.17%
Terra Ceia Bay 110 | 5.45% 22.73% 30.91% 37.27% | 3.64%
Boca Ciega Bay 288 | 8.68% 15.97% 31.94% 37.50% | 5.90%
Tampa Bay (Total) | 1790 7.04% 13.74% 20.11% 30.45% | 28.66%
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Figure 5. Distribution of sample site depth categories 1993017 by 5year periods (AE)
and 25year composite data (F).

Intermediate Subtidal (1.0-2.0m)
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Bottom Temperature

Increasing watetemperaturean affect burrowing activity in polychaete worn@apitella), and

high temperatures can result in mortality (Przeslawski.,2009).Higher water temperatures

can also influencbenthic communitgomposition angpecies succession by extending the
growing seasoand recruitmendf some organismsndfacilitatinginvasive species (Dijkstra et

al 2011) Highertemperaturehave been shown tocrease the rates of parasitism in some

species resulting in higher mortalities and cascading effects at the community level (Larsen and
Mouritsen2014).Increasd sea surfeetemperaturemay directlyimpact the biogeographic
distribution of benthic species, influence shifts in life cycles (timing mfoguction/spawning,
increasdarval mortality) anl alter trophic and competitive interact®metweerbenthic species
(reviewed in Birchenought al.,2015).

Bottom temperatures ranged from 210389.2C with a median temperature of 29C3and mean

of 29.2°C (Tables 2 and 3). Temperatures varied significantly between years (KW; p < 0.001)
with the highest medn temperaturé31.3°C) occurring in 2016vhile the higlest mean
temperature (31.2°C) was in 20([able 2; Figure b There was an apparent trend of increasing
temperatures over tl&5-yearmonitoringperiod Our previous monitoring report (192812)
attributed thigrend possibly to aampling artifacfrom a shift in the collection period since the
start of the prograr(Karlenet al.,2015) However, this increasing trend has continued since
2012 while the program sampling scheme has remainesistent

Bottom temperatures were significantly different between bay segments (KW; p < 0.001).
Hillsborough Bay had the highest median temperature and was sagtlifibigher than the other
segments except Boca Ciega Bap u n n 6 s MBl@#ple Compasison test) he higher water
temperature in Hillsborough Bay may tbem the extensive shallow area amstricted flow in
this areaof the bay Thehighest temperatur@9.2°Q wasrecorded irMiddle Tampa Bay in

1996 near the dischargéthe Big Bend power plant (Table. 3he lowest temperature (21.3 °C)
was recorded in Terra Ceia Bay in 2011. This segment was sampled@ctoiger thayear,
which accounts for the lower observed water temperatures relative to theattsgments and
the wider standard error amotige data for that year (Figure.7
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Tampa Bay Benthic Monitoring Program
1993-2017
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Figure 6. Mean bottom temperature by year. Error bars = 95% confidence interval dashed
line represents baywide mean value solid line indicates 25year trend.

Tampa Bay Benthic Monitoring Program
1993-2017
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Figure 7. Mean bottom temperature by bay segmentError bars =95% confidence
interval, dashed line represents bayide mean value.
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Bottom pH

The median bottom pH was 84hd ranged from 6.5 to 9.4helowestrecordedvalue and
widest rangavere bothn the Manatee River (Table 2 and Bhe highest recorded pH values
were in Old Tampa Bay in 2010ue to a bloom of the dinoflagella®yrodinium bahamense
during that yea(Karlen 2014) Therewere significant differences in pH betwegears (KW; p <
0.001,Figure 8, with 1993 recording the overall minimuvalue. Lowest median pH values
were observed in 1993, 2008, and 2008ile the highest mediapH wasobserved in 2010
(Table 2).Although there is a positive correlation between pH and salinity, thisadidppear to
be a factor in the observed temporal trend in it pHbetween bay segmerdiso varied
significantly, and was lowest in the Manatee River and Hillsborough(B&y; p < 0.001,
Figure 9. This was probabljrom the greater input of freshwatin these system&enerally
lower pH values are associated with lower salinties to the presence of acidic compounds in
freshwater (tannins) and low concentrations of buffering idigher pH values were observed
in BocaCiegaBay, Terra Ceia Baymal Lower Tampa Bay due in part to higher salinities and
possibly to higher seagrass protivity.

Tampa Bay Benthic Monitoring Program
1993-2017

9.0

Bottom pH

Figure 8. Mean bottom pH by year. Error bars =95% confidence interval dashedliine
represents baywide meanvalue.
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Tampa Bay Benthic Monitoring Program
1993-2017
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Figure 9. Mean bottom pH by bay ssgment Error bars =95% confidence interval dashed
line represents baywide mean value.

Bottom Salinity

Bottomsalinities ranged from 0 to 363y with a baywide median salinity of 2su and a

mean of 25 ps(lrables 2 and 3). Salinities varied significarftiym year to year (KW; p <
0.001).Relatively lower salinities occurred in 1995, 2003 and 2@4fle 2007had the highest
median salinity Table2; Figure 1(). Temporal trendgenerdly corresponddwith rainfall

patternswith lower salinities observed during years with higher average precipitation and higher
salinities observed during periods of drouddalinities were significantly different between bay
segments (KW; p < 0.001), thithe highest salinities being recorded in Boca Ciega Bay and
Lower Tampa Bayandthelowest median salinity in the Matee River (Table 3; Figure 11

Most pairwise comparisons (tDweresigngicamh@gto.ns) d) bet
Boca Ciegaay had significantly higher salinity than all other bay segments, while the Manatee
River has significantly lower salinities than the other bay segments efareptd Tampa Bay

Most of the sampling sites fell within the polyhaline salinity range,eVbds than 19%f sites

were freskvater or oligohaline (Table 5). The Manatee River had the highest percentage of low
salinity sites, whilanostsites within Boca Ciega Bay and Lower Tampa Bay were euhaline
(Table 5).In generaljower salinities were observed in the upper portions of the bay and in the
Manatee River, with increasing salinities towards Lower Tampa Bay and Boca Cie(jEaBkey

5; Figures 1land12).
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Tampa Bay Benthic Monitoring Program
1993-2017
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Figure 10. Mean bottom salinity by year. Error bars = 95% confidence interval middle
dashed line represents bayide mean value; lower and upper dashed lines denote
boundaries of high mesohaline/polyhaline (18 psu) anablyhaline/euhaline (30 psu) saliity
categories.
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Tampa Bay Benthic Monitoring Program
1993-2017
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Figure 11. Mean bottom salinity by bay segmentError bars =95% confidence interval
middle dashed line represents bayvide mean value; lower and upperdashed lines denote
boundaries of high mesohaline/polyhaline (18 psu) and pdnaline/euhaline (30 psu)kdinity
categories

Table 5. Percentage of samples within salinity categoriel9932017.

H'"sg‘g;’“gh 407 | 0.49% 0.74% 0.98% 13.27% 84.28% 0.25%
Old ;:;"pa 269 | 0.37% 0.00% 0.74% 16.36% 82.53% 0.00%
M'dd'gglampa 303 | 0.00% 0.00% 0.33% 1.32% 90.43% 7.92%
Loweé;;mpa 221 | 0.00% 0.00% 0.00% 0.00% 41.63% | 58.37%
Manatee River | 192 | 0.52% 3.65% 14.06% 25.00% 54.17% | 2.60%
Terg"age'a 108 |  0.00% 0.00% 0.00% 20.37% 67.59% | 12.04%
Bocgai'ega 288 |  0.00% 0.00% 0.00% 0.00% 23.61% | 76.39%
Ta(nng?aan 1788| 0.22% 0.56% 1.90% 9.62% 65.77% | 21.92%
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Figure 12. Spatial analysis of bottom salinityl9932017 by 5year periods (A-E) and 25

year composite data(F).
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Bottom Dissolved Oxygen

Annual mean bottom dissolved oxygen and percent oxygen saturassurements ovére 25
yearmonitoring period wereonsistently above state water quality standards, with -avizsey
median of 5.22ng/L and78.2 % saturatiofiTables 2 and 3; Figure L3There were significant
differenceshetweenyears for botlparametergkKW; p < 0.001) with the lowesimedian

dissolved oxygeim 2001and highest in 199@igure 13) The maximundissolved oxygen
recorded was excess 014 mg/L(>220% saturationin 1997 at a site in Boca Ciegay

(Tables 2 and 3)hissite @7BCB50) was shallow (0.5 yand had seagrasses present, therefore
the high measurement may have bfgem these factorsThe lower disolved oxygen levels in
2001 were likelybecause o4 shift in the start of the annual sampling season towards early to
mid-August, when water temperatures tended to be higher resulting in lower dissolved oxygen.
Mean dissolved oxygen concentrations were generally lowerisesjuent years and below the
25-year mean (Figure 13

Differences between bay segments were afyufggant (KW; p < 0.001). Hillsborough Bay had
the lowesimeandissolvedoxygen (3.6 mg/l and 53.3% saturatice)dwas significantly lower
than the other bay segmernigrra Ceia Bay had the highessolved oxygerbut was not
significantly different from Boca Ciega Bay or Lower Tampa BBgble 3; Figure 14 Overall,
nearly’8% of the sites had bottom dissadMexygen levelsvithin the normoxic rangabove 4

mg/L (Table 6). Hillsborough Bay had relatively high aoceaces of anoxia and hypoxia, while
these conditions were nearly absent in the other bay segments (Table 6). The aerial extent of
anoxia and hypoxiwerealsogreatest irHillsborough Bayand in the upper portion of Old
TampaBay (Table 6; Figure 16 Hillsborough Bayhashistorically been impacted by hypoxia
Santos and Simof1980 a&b)documentecdnnuallate summer defaunation$ the benthic
community in Hillsborough Bay from 19751977 associated with low bottom dissolved oxygen
concentrations (< 1 nibg).
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Tampa Bay Benthic Monitoring Program
1993-2017
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Figure 13. Mean bottom dissolved oxygen by year in mg/L (black closed circles, solid line;
left axis) and as % saturation (blue open circles, dashed line; right axis). Error bars 5%
confidence interval black dashedine represents baywide mean concentration, blue dash
line represent baywide mean saturation bottom solid red line represents thecritical
value for normoxic conditions(> 4 mg/l).
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Tampa Bay Benthic Monitoring Program
1993-2017
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Figure 14. Mean bottom dissolved aygen bybay segmenin mg/L (bar graph; left axis)
and as % saturation (ine graph; right axis). Error bars =95% confidence interval black
dashed linerepresents baywide mean concentration, bluedashed line represents baywide
mean saturation bottom solid red line represents the critical value for normoxic conditions
(> 4 mg/l).

Table 6. Percentage osample sites within dissolved oxygerategories by bay segment
19932017

Hillsborough Bay | 405 | 9.63% 16.79% 27.90% 45.68%
Old Tampa Bay 268 | 1.49% 2.24% 18.28% 77.99%
Middle Tampa Bay | 301 | 0.33% 0.33% 13.95% 85.38%
Lower Tampa Bay | 215 | 0.00% 0.00% 1.86% 98.14%
Manatee River 191 | 0.52% 1.57% 8.90% 89.01%
Terra Ceia Bay 109 | 0.00% 0.92% 8.26% 90.83%
Boca Ciega Bay 285 | 0.00% 1.05% 11.58% 87.37%
Tampa Bay (Total) | 1774 2.54% 4.62% 15.05% 77.79%
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Figure 15. Distribution of bottom dissolved oxygen 1992017 by 5year periods (AE) and
25-year composite data (F).

Sediment Composition (¥&ilt+Clay)

The mediarsilt+clayin TampaBaywas4%4, f al |l i ng within the fimedi
classification (Tables and3), while the mean value was®%. The maximum recorded

silt+clay measurementas 96%from a sample collected in Seddon Channel in Hillsborough

Bay at a depth of 11 metershdrewas a significant difference in sediment composition between

years (KW; p < 0.001)with the highest mediasilt+clay valuebeing recoded in 1997 (Table)2
Howeverhigher mean values weatsorecaded in 20092011 and 2013Figure 16. The

higher mearsilt+clay values and greater standard erafrserved since 200&igure 16 can e

attributed to a reduction in the number of samples collected each year, and particularly in the

Lower and Middle Tampa Bay segmentsich tend to have lower silt+clay contents

Hillsborough Bay had thkighestsilt+clay values among the bay segmemigh high
measurements also occurring in Boca Ciega Bay and the Manate€TRibler 3; Figure 1)/
Mediumgrained sediments predominateddld, Middle, and Lower Tampa Baillsborough
Bay had the highest percentage of muddy and very fine grain sediifema Ceia Bay, Boca
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Ciega Bay and the Manatee River were predominately medium to fine grained se(irablas

7). The observed distribution of sedimeatgeedwith previous results by BrooksidDoyle

(1991).Several factors contribute to the higlpercentage of silty sediments in Hillsborough

Bay, including highersediment input from the Hillsborough and Alafia Rivers, dredged channels

which act as sinks for finer grained sediments, and restricted tidal exchange with the rest of

Tampa BayThere wasa general trend of decreasisigi+clay from the upper portions of the bay

towards the lower end of the balaple 7; Figure 18 due in part to less inflow carrying

sediment into the lower bay and greater tidal flletween the bay and the Gulf of Mexico
(BrooksandDoyle 1991) Brooks and Doyle (1992) mentionfhger ai ned sedi ment s (
a Aparameter of concerno which may be consi de
anthropogenic sources. Figeained sediments can haagverse effectsy inaeasing turbidity

and reducing light penetration through the water column and by accumulating sediment
contaminants (Brooks and Doyle 1991, 1992je accumulation of fine gireed sediments can

also impact benthic infaunal communities through burial arattsening(Manninget al.,2014).

Total Organic Carbon (TOC)

Total organic carbon (TOC) was incorporagedan additional sediment paraméte201Q and a

total of 366TOC samples wereollected during the 203P017monitoring periodSources of

organic carbon to the bottom sediments include deposition from the water column from plankton
blooms(Lesen, 200§ tributaries and terrestrial runoff. Sediment organics can serve as a food
source for deposit feeding benthic fapaadcanstructue benthic communitiefMagni et al.,

2009.

The median TOC was 0.55%ith a mean value of 1.17% and ranging fromi0948%. The

highest TOC value was recorded dteara Ceia Bagite in 205 (15TCB12. Themean TOC

was significantly different between years with high values in 2014 and 2015 (Figure 19;
p<0.001).There waso significant differenceetwveen bay segments (KW; p = 0.0/dypwever

lower mean TOC values were found in Old Tampa Bay and MiddigpaaBay relative to the

other bay segments (Figure 28gdiments with higher TOC content tended to be concentrated in
areas of upper Old Tampa Bajillsborough Bayandin the smaller bay segmeanHowever,

there were pockets of higher TOC sediments miquas of Middle and Lower Tampa Bay

(Figure 21).
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Figure 16. Mean percent silt+day by year. Error bars = 95% confidence interval dashed
line represents baywide mean value lower and upper solid lines denotéoundaries of
medium/fine (4.51%) and fine/very fine (11.35%) sediment categories.
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Figure 17. Mean percentsilt+ clay by bay £gment 95% confidence interval dashed line
represents baywide mean value, lower and upper solid lines denote boundaries of
medium/fine (4.51%) and fine/very fine (11.35%) sediment categories.
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Table 7. Percentsilt+clay categories19932017.

Hillsborough Bay | 404 | 5.45% | 28.71% 26.49% 17.33% 22.03%
Old Tampa Bay | 268 | 16.79% | 43.28% 24.63% 10.07% 5.22%
Middle Tampa Bay | 301 | 22.26% | 47.51% 22.59% 5.32% 2.33%
Lower Tampa Bay | 219 | 23.74% | 58.90% 15.98% 0.91% 0.46%
Manatee River 191 | 9.42% | 30.37% 43.46% 9.95% 6.81%
Terra Ceia Bay 109 | 6.42% | 43.12% | 45.87% 4.59% 0.00%
Boca Ciega Bay | 288 | 4.17% | 29.86% 39.58% 18.75% 7.64%
Tampa Bay (Total) | 1780| 12.53% | 39.04% 29.38% 10.84% 8.20%
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31



Tampa Bay Benthic Monitoring Program
1993-2017

3.0%
2.5% 4
2.0% 4

1.5% -

1.0% -

Total Organic Carbon

0.5% -

0.0% L

T T T T
2010 2011 2012 2013 2014 2015 2016 2017

Year
Figure 19. Mean total organic carbon by year. Error bars =95% confidence interval
dashed line represents bayvide mean.
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Figure 20. Mean total organic carbon by bay segment. Eor bars = 95% confidence
interval, dashed line represents bayide mean.
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Analysis of Environmental Data

Principalcoordinates malysis(PCO) resultsshow that the individual bay segments deéned
by uniquephysical characteristi@ndspatiallyadjacent segmentsserlapin their physical

parametergFigure 23. This pattern is even more apparent when the samples are averaged by
year aad segment (Figure 23The first two PCOs cumulatively explaining nearly 59% of the
variation (Table 8)The first princip&coordinate (PCO1) explained.28% of the total variation

(Table 8) and was positively correlated with dissolved oxygmrcent DO saturaticemd pH
and negatively correlated witsilt+clay (Table 9Figures 24 & 2h The secongbrincipal
coordinatg(PC02) accountdor 19.6%9% of thetotal variation (Table 8)andwas positively
correlated with salinity andepth(Table 9 Figures 26 & 2Y.

Table 8. Percent of totalvariation explained by principal coordinates

PCO| % of Total Variation| % Cumulative Variatior
1 39.24 39.24
2 19.69 58.93
3 14.79 73.73
4 10.25 83.97
5 8.39 92.36
6 7.38 99.74
7 0.26 100

Table 9. Pearsoncorrelations of bottom parameters ontributing to principle coordinates.

Parameter PCO1 PCO2 PCO3] PCO4 PCO5 PCO6|PCO7
Depth -0.255 0.657| -0.453 0.372| -0.399| -0.019| 0.002
Temperature -0.158 0.255 0.902 0.167| -0.256| 0.053| 0.006
Dissolved Oxyger]  0.941] -0.127| -0.062| -0.082| -0.235| 0.154| 0.096
% DO Saturation 0.936/ -0.076] -0.016] -0.069| -0.248| 0.207| -0.093
pH 0.656 0.434 0.089| -0.210 0.026| -0.573| -0.004
Salinity 0.259 0.806 0.035] -0.133 0.389| 0.337| 0.005
% Silt+Clay -0.631 0.151] -0.051| -0.691] -0.307| 0.073| 0.001
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Figure 24. PCO by bottom dissolved oxygen classificatigrbubble size in mg/l
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Figure 25. PCO by sediment typebubble size in %Silt+Clay.
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Figure 26. PCO by salinity classification bubble size in ps.
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Figure 27. PCO by depth classification bubble size in meters
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Sediment Contaminants

Metals

Bay-wide diment metal summary statistics and percent of samples excéwselsediment
toxicity Threshold Effects LevélTEL) andProbable Effects Level (PEI)r each metal
(MacDonald1994)arepresented in Table 1f0r all years combinedMany of the measuremest
were below the minimum detectable limit (MDL) resulting in low median values. Results and
discussion for individual trace metals are presented below.

Aluminum (Al): Aluminum isamongthe most common elemenit n t he Eamdishds c¢cr u:
widely usedn many industriabnd commercial applicationsh& concentration oftber metals

in crustal mineralss proportional to aluminum, hentlee metal:aluminum ratio has often been

used to normalizenetals datdor detecting elevatedoncentrationgf a metalabowe expected

background levelgDin, 1992 Pardueet al.,1992 Schroppet al.,1990.

The mean aluminum concentratimas4789 mg/kg (Table 10with the highestmean
concentration in Hillsborough Bay aadiecreasing trend wzards Lower Tampa Bay (Figure
28). This reflects greater input of terrestrial sedimenttoiilillsborough Bay rkative to the
other bay segmentand agreater proportion dfiogeniccalcareous sediments in the lower bay

Iron (Fe): Ironis also among the most common elements in crustal rocks and terrestrial soils
Like aluminum, iron came used as a normalizing factor for measuring enrichment of other
metals in marine sedimen(iSchiff and Weisberg, 1999As well as having many industrial uses
such as in the manufacture ofedtproducts, irons an important micronutrient for organisms
Iron is used by phytoplankton in the productiortioorophylland in many metabolic pathways
involved with photosynthesis and respirat{@treet and Paytan(@25).

Tampa Bay sedimestad a mean iron concentratmi?2720mg/kg (Table 1Q)and were
highest in Hillsborough Bagnd the Manatee Rivedecreasing twards Lower Tampa Bay
(Figure 29. The higher iron concentratioress with aluminumare a restlof greater terrestrial
inputs from runoff.

Antimony (Sb): Antimony is commonly found irtwo valance statas the environmentSb (111)
under reducing coridonsand Sb (V) underoxidizing conditions(Chenet al.,2003, and is

often associated with arsenic compou(dESDR, 1992 Filella et al.,2002).Sb (lll) is the

more soluble and bioavailable fortyut can be bound to iron sulfides in the sediment under
anoxic conditiongChenet al.,2003). SKV) binds with iron or manganese oxyhydroxides under
oxic conditions (Cheet al.,2003).Industrial use®f antimonyinclude antimony oxide which is
used as a fire retardant in fabrics and plasticsalags with lead and zinc used in batteries,
ammuntion, pewter, soldeland other metal products (Fileka al.,2002). Sources of antimony

to the environment include smelting plants, sewagd fertilizer fadities (Filellaet al.,2002).
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Tampa Bay sediment antimony concentrations ranged from <Mbiean224mg/kgwith a
mean of 13.42 mg/k¢rable 10) Meanantimonyconcentratioa werehighestin Hillsborough
Bay (Figure 30), with the maximum concentratrorasured at a Hillsborough Bay site located
on the east side of the bay segment near a dredgessandin 2017 (17HB34)The Sb:Al

ratios indicated a few Hillsboroudday sites may be enriched for antimonyab background
levels (Figure 31

Arsenic (As): Arsenic typically exists in two inorganic forms in the environmenttrikialent
form As (Ill) which is more solubl@ndbioavailable andhe pentavalent forrAs (V) which is
often bound with iron compounds in the sediméBtuer ad Blodau, 2006Guoet al.,1997%,
Hatjeet al.,201Q Masscheleyret al.,1991). Arsenic isknown to be toxic and carteumulate in
benthic infauna thetransferred to other organisms which feed on t{Bamwick and Maher,
2003 Fattoriniet al.,2005 Hatjeet al.,201Q Neff, 1997 Priceet al.,2013 Rainbowet al.,

2011J). Arsenicis used in several industrial applications including pesticidessadpreservative
in pressurareated lumberATSDR, 2007a; MacDonald 1994). Rssible sources to the
environment may include runadf pesticidegPichleret al., 2008 Whitmoreet al.,2008, or
leaching from treated wood structusesch as docks and pilingé/eiset al.,1993.

The baywide mean cocentration for arsenic was 2.i8/kg with a maximum of ver 524

mg/kg (Table 10jmeasured in 2017 in Hillsborough Bay (17HB34). High concentrations of
arseniq464 mgkg) werealso measured at a site in Old Tampa Ba3014 (140TB18)These

two sites were the onEL exceedance®r arseni¢ while 5.34% of the samplesxceeded the

TEL (Table 10)Mean arsenic concentrations were highest in Old Tampa Bay and Hillsborough
Bay (Figure 32). The As:Al ratios indicateatthe PEL exceedance sitemy befrom

anthiopogenic sources (Figure)3®otentialy contaminated sites were scatteireg@ortions of

Old, Middle, and Lower Tampa Bags well as Hillsborough Bayigure 34.

Cadmium (Cd): Cadmiumhas many industrial and agricultusalurcesncluding electroplating,
paints, plastics, batteriesining, some pesticides and fertilizeaad combustion of fossil fuel
(MacDonald 1994). Cadmiunis known tobe toxicto aquatic organism@onget al.,1994 Lee

et al.,2004), and carbioaccumulate in the food chain (Kirley al.,2001; Seebaugkt al.,2006;
RuelasinzunzaandPaezOsuna2008).However, several studies have failed to find evidence of
trophic effects (Barwick and Mahe&003) or effectson the colonization of sediments by

benthic infauna (Trannumt al.,2004)from elevated cadmiuevels in sedimenfThetoxicity

and distribution of cadmiunm sediments can be affected by physical factors such as pH and
sulfides (Di Torg 1990; MacDonald1994) and bioturbation of the sediments (Rasmussah,
1998; Klerkset al.,2007).

Levels of cadmiuntended to be high throughout Tampa Baith over 406 of the samples
above the TEL and..56% above the PEL (Table 10T.he mean cadmiumoncentrations were
above the TEL threshold in all bay segments exceper Tampa BayThe highest
conceltrations were in Hillsborough Bay and Old Tampa Bay (Figure 3%.dd:Al ratio
(Figure 36, suggests thainly a few samples were enrichabove background levels for
cadmiumdespite the high percentage of sites abov@ Hle This may befrom naturalsaurces
such asveathering of phosphate enriched s@ifacDonald 1994)or from anthropogenic inputs
related to phosphate mininghe elevated cadmium levels wavasapparent throughout Tampa
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Bay (Figure 37. In contrast to these resulfgevious surveygBrooksandDoyle, 1992; Longet
al., 1994 found Cd:Alratios in samples from Tampa Bsyggestingnthropogenic enrichment
Longet al.,(1994)further found significantorrelations between sediment cadmium
concentrations and toxicity bioassalsthsenet al.,(1995)estimated an annual loading of
around 3,500 kg of cadmium to Tampa Bath Hillsborough Bay receiving the largest loading
(39%), followed by Old Tampa Bay (23%7 he mainsourcef cadmiumloading were
atmospheric depositiai@6%), followed by point sowes(32%), and urbamrunoff (21%)
(Frithsenet al.,1995).

Chromium (Cr) : Chromiumis used in the production of chrome platiegromium metal and
chrome alloys, dyes, pain&nd paper, among other industrial uses (MacDonald,)1994
Chromium is ommonly found in two valence states: Cr(lll) and Cr(VI1). The Cr (lll) form
adsorbs to organic particles and carpeecipitate with iron and magnesium oxides,
accumulating in the sedimefgiacDonald 1994 Cr (1) is considered less toxto aquatic
organismswhile the Cr (VI) form is water soluble, mobgoavailableandthus has a greater
toxicity than Cr (Ill) (MacDonald 1994; McConnelkt al.,1996).

Total chromium évels in Tampa Bay were above TFeL at 6.186 of the sitesand exceeded
thePEL at 0.72% othe siteqTable 10).The baywide mean chromiumoncentration was 248
mg/kg. The highest concentrati@occurredn Hillsborough Baywhere the mean value exceeded
the TEL threshold (Figure 38SeveraHillsborough Baysites hadigh Cr:Al ratios which
indicatedpossiblecontamination above background concentrations (FigureA38as of highest
contamination in Hillsborough Bay weassociated with Pofitampa Bayor the shipping

channels (Figure 40The highest recomtl chromiuntoncentration (15,320 mg/kg) was found
near the mouth of Bullfrog Creek Hillsborough Bay in 199696HB46).There were additional
sitesthat exceedethe TEL around the periphery of Old Tampa Bag well as a few isolated
sites inMiddle Tanpa Bay, Boca Ciega Bagnd the Manatee RivéFigure 40.

Previous surveys have likewitaund high concentrations ohromiumin the upper part of

Hillsborough Bay(Brooks and Doyle 1992and it has been identified
Co nc er n oreafobthre bay fMcGonnadit al.,1996; McConnell and Brink 1997§rithsen

et al.,(1995) estimated chromiutnading to Tampa Bay to be approximately 14,600 kg/yr,

primarily from urban runoff (57%) and point sources (27Fflisborough Bay and Old Tampa

bay recere 43.7% and 24% of the total chromilmad respectivelydue to the urban

development in these areas (Frithseal.,1995).

Copper (Cu): Copperis commonly used in biociddsr controlling algae and fungand n
antifouling paints ATSDR, 2004 MacDonald 1994).Industrial sources of coppar the
environment includevastewatetreatment effluents, runoff of coppleased biocides, corrosion
of copper pipesand atmospheridepositionfrom coal burning power plas (ATSDR, 2004
MacDonald 1994). In Tampa Bay, &hestimated annual loading of coppeapproximately
12,500 kg with major inputs coming from urban runoff (43%), point sources (2bib)
atmospheric deposition (18%djrithsenet al.,1995).Copper is kown to be toxic to aquatic
organismsand high levels of coppean impede the settlement and colonization of benthic
infauna (Olsgardl999; Trannunet al.,2004). Elevated sediment copmencentrations can
further accumulate in the food chain, particlylan mollusks and crustaceansich utilize
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copperas a blood pigmerfMacDonald, 1994; BarwickndMaher, 2003) and in bottom feeding
fishes (Kirbyet al.,2001).

Tampa Bay had a mean sediment cogp@centration of 6.09 mg/kg aedceeded th&EL in

5.28% of the sampkeand thé”EL in 0.54% of the sample¢Table 10). High levels of copper

were present in Hillsborough Bay, the Manatee Riaed Boca Ciega BafFigure 4). The

Cu:Al ratios indicated several sites wergiched abve backgroundevels in Hillsborough Bay
andBoca Ciega Bay (Figure #2The areas of highest contamination werienarily in

Hillsborough BaynearPort Tampa Bayindustrial facilities and at the mouth of Bullfrog Creek
(Figure 43. BrooksandDoyle (1992)found elevaedlevels of copper in 23% of their samples,

with the highest measurement (267 mg/kg) at Bayboro Harbor in Middle Tamp&&aper

wasi denti fied as a AChemical oihpaSiegtadeer no f or
(McConnellet al.,1996; McConnell an@rink, 1997).

Lead (Pb). Historically,the mining of leaesilver ore dates back to the Bronze Age over 1000
years BCE (Longman et al., 2018; McConnell et al., 2018)eadipipes were used for
plumbing and transporting potable water dating back to the Roman gesbie et al., 20134
Lead has many industrial uses including the manufactueadbatteries and chemical
compoundssolder, leadased paintand ammunitiofATSDR, 2007h; MacDonald 1994).

Lead was used as a gasolimgidive until it was phased out in ti®70s which subsequently
resulted in a measurable decrease in lead in the envirofimefry et al.,1985. Sources of lead
in the environmenihclude atmospheric deposition and runoff from contaminated (fxlgis et
al.,2001) Lead emissions frorautomobiles can cause soil contamination along roadways
(Hafen, 1996; Newsome, 199Tegacy contamination from lead based paintsatan linger in
soils and sedimen{8rinkmann, 1994Reeset al.,2014). Lead bullets and shot have also been
responsible for elevated lead levels @ilsat shooting ranges, which can leach into the
surrounding environmeriBannonet al.,2009 Butkus and Johnson, 201Qaoet al.,2003
Clauseretal., 2011, Labareet al.,2004). Lead fishing vights can be ingested by waterfowl
resulting in lead poisoning (Scheuhammer and Norris, 1996)

Exposure to lead can affect neurological development in chjldrehaffect cognitive functions
in adults Cther health effectsan includecardiovascular disorders amdpairedkidney
functions(ATSDR, 2007b; Brown and Margolis2012).

Thebaywide mean sediment concentrationleddwas 12.6 mg/kg withe maximum
concentration of 638 mg/kg occurring at a site in McKay Bay (Table £8)m&nt leadevels
exceeded the TEL a®b of the sitesand was above the PEL in 0 %0of the sample¢Table 10).
Hillsborough Bay had thkighestmeansediment leadoncentrations (Figure #4The B:Al

ratio indicated elevated ledelels were preseim Hillsborough Bayas well as in the Manatee
River and OldTampa Bay (Figure 45The most contaminated sitesHillsborough Baywerein
the upper arm of McKay Bayn the Hillsborough Rer andnearthe Port of TampéFigure 44.
A few isolatedsites in other pastof the bay had high levels of leaacluding near Snell Isla
Middle Tampa Baythe eastern side of Old Tampa Basar Feather Soundndthe western side
of Old Tampa Bay near Culbreath Bayou (Figurg 46
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Brooks and Dyle (1992) detected elevated leamhcentrations at 93% of theitess, with 12%
exceeding the PEL of 112 mg/kg as determinetMbgDonald (1994). The highest lead
concentration in the Brooks ambyle survey was 385 mg/kg in McKay Bay. Ldadels in

Tampa Bay sediments were also found to be significantly correlatedediiment toxicity tests
(Longet al.,1994). Frithseret al.,(1995) estimated annual loadiofleadto Tampa Bay at

nearly 50,000 kg, primarily from urban runoff (60%), along with atmospheric deposition (20%),
point source pollution (11%and ground wer (9%).

Manganese (Mn):Manganese is found naturaltythe environmenand is an essential nutrient
in low concentrations (ATSDR012).However, hgh concentrations of manganess impact
brain development in childresausebehavioral changgandaffect memory (ATSDR2012).
The primary industrial use of manganésm steel productiopwhere it is added to increase
hardness and strength (ATSDPE12). Other commercial uses include fealdlitivesand
nutritional supplements, fertilizers, cosmetidsy-cell batteries, fireworkspaints and as an
additive to gasolin€ATSDR, 2012).

MacDonald (1994) did not establish SQGs for mangamarganese concentratiomsTampa
Bayranged from below MDLs td.64 mdkg with ameanof 20.29mg/kg(Table 10). The
highestconcentratiorwas at eHillsborough Baysite sampled in 201vear Davis Island
(17HB15. Mean manganesmncentrationsvere higher irHillsborough Bay;Terra Ceia Bay,
andLower Tampa Bay (Figure 47with a few sites exhibitingigh Mn:Al ratios (Figure 48

Mercury (Hg): Elemental mercury is a liquiat room temperaturdt canbe found in inoganic
compounds such as mercuric sulfide (cinnabar) and mercuric chianidén organic

compounds such as methylmercury (ATS2B99).Mercuryis used irelectric switches,
thermometers and thermostats, fluorescent light bulbs, as a fungietan dental amalgam
fillings (ATSDR, 1999).Anthropogenic sources of mercury are primarily from atmospheric
depositionfrom the combustion of coand other fossil fuels and the incineration of municipal
waste (ATSDR1999). Approximately 70% of atmospheric deposition in Florida is estimated to
come from the combustiarf coal while 30% is from natural sources such as volcanoes and
forest fires (FIEP, 2013).0Other potential sources include cement and fertilizer production
facilities (ATSDR, 1999; Mirlean, 2008Mercury, and especially methylmercyrgan

accumulate in sediments abdingestedby deposit feeding infauna (Sizmur, 2013)
Bioaccumulabn in fish and birdgan occumt higher trophic levelfAdams and Onorato, 26;
Beyeret al.,1997 Cleckneret al.,1998 Julian, 2013 The Florida Department of

Environmental Protection establishedtatewidelTotal Maximum Daily Load (TMDL) for

mercury in 2013ThisTMDLwasbased on the Florida Department
mercury in fish tissues determined tolrhealthy for human consumpti@fDEP 2013)The
Tampa Bay watelged is listed as impaired for mercumyfish tissues (FDEP, 2012).

Sediment samples were ordgalyzedor mercuryin 1993 fa the four main bagegments. All
samples were below the 0.&®)/kg TEL threshold for mercuifMacDonald 1994, and the
Al:Hg ratios did not indicate that samples were higher than backd concentration3 he
highest mercurgoncentration (0.1 mg/kgyas found in Old TampBay in Safety Harbor
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Nickel (Ni): Nickelis primaily used in the manufacturingf stainless steel and nickel plating

and isused as aatalyst forother industrial processes and oil refinidpgcDonald 1994) Other
manufacturing uses include battstieeramicsand jewelry (ATSDR2005a).Potential sowes

of nickel pollution include the combustiasf fossilfuels, electroplating operations, and
wastewater treatment facilitieATSDR, 2005, MacDonald 1994; McConnelandBrink,

1997). Exposure tanickel compounds can cause allergic reactions and skin irritatida high-
level exposure can be carcinogenic (ATS2R05a). Nickel can accumulate in estuarine
sedimentsand sediment resuspension can result in the desorption of the solid phasedo a mor
bioavailable water phag@&mezcuaAllieri and SalazaiCoria, 2008).

The mean nickatoncentration in Tampa Bay sediments was 11.67 muafitlg a maximum
concentration of 10,030 mg/kg (Table 10he highest nicketoncentration wagecorded at the
mouthof Bullfrog Creek in 1996 (site 96HB46INickel levels were above the TEL at 79%46f
thesites andcexceeded thBEL at 0.546 of the sites (Table 10Highest levels were in
Hillsborough Baywhere the mean sediment concentration exceeded théA@ilres49). Only

a fewsites had Ni:Al ratios which suggestNi concentrationsvereabovebackgroundevels
(Figure50). The potentially contaminated sites were mainly concentrated in Hillsborough Bay
and at two sites in Old Tampa Bésigure 5).

Brooks al Doyle (1992) found elevated nickielvels at 17% of their sites, with a maximum

value of 64.5 mg/kg in Hillsborough Balfickel has been correlated with sediment toxicity
(AmezcuaAllieri andSalazarCoria 2008)although pevious sediment toxicity work ohampa

Bay sediments did not find significant correlations between nickel concentrations and amphipod
survival bioassayf_ong et al., 1994)McConnellet al.,(1996) howeverjdentified this metal as

a significant environmental rigkom potential bioaccmulation and nickelvas identified as a
contaminant of concern for upper Hillsborough Bay (McCorenediBrink, 1997). Bay-wide

loading estimates for nicketere not calculated by Frithsehal.,(1995).McConnellandBrink,

(1997) calculated loading ofapproximately 753 kg/yfor upper Hillsborough Bay from point
source discharges, pri mar i68%yand theoTeampa BHleetricHo ok er 0
Gannon power plant (32%).

Selenium (Se)Seleniumis an essential nutrient in low quantitiasd is use@s a nutritional
supplement in animal feed (ATSDR003) High doseanlead to severe health effects
including pulmonary edema or selenium poisoning (selenasiajacterized by a loss of feeling
and control of the i c¢ tarnm ansl legs (ATSDR003) High levels of seleniuroan also
naturally occuin soils which can be taken up by agricultural crops and potentially reach toxic
concentrations (ATSDR003).Commercially, selenim is used in paints, plastics, glass,
nutritional supplements, and asautive ingredient in fungicides and adandruff shampoos
(ATSDR, 2003).Selenium from anthropogenic sources can enter the environment through the
combustion of coal, dposal of products containing selenjuamd agricultural runoff (ATSDR,
2003; Malloyet al.,1999). Selenium can accumulate in marine and freshwater sedifyents
taken up by benthic organisms ahdnaccumulate at higher trophic levéBarwick and Maher,
2003 Kirby et al.,2001;, Malloy et al.,1999.

The mean sediment seleniwoncentration in Tampa Bayas 7.35 mg/kgwith a maximum of
253.41 mg/kdTable 10).The highestheasurement wagcorded in 207 in Hillsborough Bay
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east of thenortherndredge spoil islan@@L7HB34) Mean seleniunconcentrations were higher in
Hillsborough Bay, Old Tampa Bay and Terra Ceia Bay (FigureT3®).Se:Al ratiosndicated

the highest Hillsborough Bay siteasabove background levels (Figure)s3revious studis
havedocumented high levels of seleniumHillsborough Bay, particularly in the northern area
around McKay Bay and the Palm River (Benst@l.,1994; Longet al.,1994).

MacDonald (1994) didat develop SQGs for selenium Florida coastal sedimentSediment
toxicity thresholds have been proposed for freshwater strigatime western United State§2.5
Hg/g for predicted effects dmota and 4 ug/g for fish and wildlife toxicitfVan Derveer and
Canton, 199Y The median seleniuconcentration iMampa Bay%.48mg/kg; Table 10)s
above these thresholdsgweverother factors such as sediment organic canteth and
sediment redox potential can affé@stbioavailability(Masscheleyret al.,199Q Van Derveer
and Canton, 1997

Silver (Ag): Silvercanbe highly toxic to aquatic organispresd has a high rate of

bioaccumulation (Leet al.,2004; Luomeet al.,1995).Silver has several ingtrial uses

including the production and processing of photographic materials, electrical contacts, soldering
jewelry and silver platingandin medicine as aantimicrobial andin dental fillings (ATSDR,

199Q Purcell and Peterd 998; MacDonald1994) Nanoparticles of silver have increasingl

been useth consumer products such as clothing and cosmetics to inhibit bacterial growth
(Muhling et al.,2009. Potentialsources of silver to the environmentlude waste incinerators,
landfills, wastewatetreatment plants, and coal combustiéif $DR, 1990;MacDonald 1994).

The mean edimentsilver concentration in Tampa Bayas 0.17 mg/kg andhnged from below
MDLs to 47.2mg/kg (Table 10)The highest concentration was found onehstside of
Hillsborough Bayin 2017 (17HB34. The second highest concentrat{d3.01 mg/kgwas
recorded irOld Tampa Bay in 2014 near the St. Peter/Clearwater airport (128 THhese two
samples (0.12%) wetbe only PELexceedance®r silver, while 1.38% of the sites were above
the TEL (Table 10)Thehighestsilver concentrations were idillsboroudh Bay and Old Tampa
Bay (Figure 54. The Ag:Al ratio suggests thagveral samplesbove the TEland PELarefrom
anthropogenic sources (Figure) 58lost of the potentially contaminatsdes were in

Hillsborough Bay, Old Tampa Bagnd scatteredites n Middleand Lower Tampa BafFigures
56). Brooks and Doyle (1991) found silver present at 17% of freempa Baysites concentrated
mainly around St. Petersburg and in Hillsborough Bay. Their highest recorded value was 0.5
mg/kg (Brooks and Doyl|el991), which isbelow the TEL of 0.73 mg/kg established by
MacDonald (1994) andwo orders of magnitude lower than the highest concentrations recorded
in this study

Tin (Sn): Tin has many industrial and commercial applications. Inorganic tin is used in tin
plated food containers and aerosol cans, electroplaihdgr,glass production, as an additive to
perfumes and soapas a food preservativiy metal alloys such as bramand pewterand tin(ll)
fluoride (Snk) is added to toothpaste as an -@atvity ingredien{ATSDR, 200%). Organic tin
compounds are used commerciallyhast stabilizers for polyvinyl chlorides (PVCs), in the
manufacture of polyurethane foam, as biesidgrichemicalswood preservativegnd in
antifouling paints (ATSDR, 20@3. Most notablytributyltin (TBT) was used in antifouling
paints and has been a major source of contamination in the marine environment (ATSDR,
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2005b).Sediments contaminateg BBT can cause reproductive deformit{@aposex)in
gastropod¢Balckmore, 2000Boulajfene et a] 2015;Terlizzi et al.,1999, and negatively
impact benthic community structuf@usten and McEvoy, 199Dabhllof et al.,2001). The use
of TBT in antifouling paints has been restricted since 1988 b@tganotin Antifouling Paints
Control Act, which limits the types of vessels that canTB€ paints (ATSDR, 2005b).
MacDonald (1994) did not establish SQGs for tin in Florida coastal sediments

The mean sedimenhtconcentrationn Tampa Baywvas 2.13 mg/kgandranged from below
MDLs to 188.72mg/kg(Table 10) The highest tin concentration was foundHifisborough Bay
in 2017 (17HB34), a site which also had high levels of several otherimétieantin
concentrationsvere relatively high in Hillsborough Bay and Old Tampa Bad were lowesh
Lower Tampa BayFigure 57. The Sn:Al raticsuggestedhatthe Hillsborough Bay site was
potentially enriched above background le&ligure 5§.

Zinc (Zn): Zinc is a common naturally occurring element and an essential nutrient. Zinc
deficiencies can result in deased immune functipand an increased risk of birth defeftis
pregnant womefATSDR, 200%). High doses of zinbowever can causeemia and damage to
the pancreas (ATSDRO005c).Zinc has many industrial uses, including galvanization of steel
and other metals to prevent corrosion, making alloys such as brass and &ndrinedry cell
batteries (ATSDR2005c¢). Zinc compounds are alseed in ceramics, rubber production, in
wood preservatives, dietasypplementscosmetics, sunscreeand paints (ATSDR2005c).
Nanoparticles of zinc oxides are used in many products including sunscreens, coangktits
marine antifouling paintéSchultzet al.,2014).

Anthropogenic sources of zinc in the environment incindestrialdischarges from steel
production and electroplating facilities, domestic wastewater treatment plants, atmospheric
depositionand stormwater runoff (ATSDR, 2005&ourcesof zinc in urban runoff include roof
and siding materials from buildingenddust and particles from rubber tire wear along roadways
(Daviset al.,200)). Leaching of zinc frommtifouling paintscan cause contamination in water
and sedimentSingh and Turer, 2009ab; Turneret al.,2009, and antifouling paints used on
nets can increase zinc concentrations in farmed fish tigsliledaouet al.,2014). High zinc
concentrations can impair growth and fertility in amphip@@snradi and Depledge, 1999

cause mouthpart deformities in freshwater chironomid lafMaetinezet al.,2001), damage

DNA in polychaetes (Watsaet al.,2018) and impact recruitment of benthic organisivatzin
and Roscigno, 1997Trophic assimilation of zinis high in some invertebrates such as barnacles
(Rainbow and Wang, 200Wang and Rainbow, 20p0wvhich can be further transferred up the
food chain(Blackmore, 200§ In contrast, Barwick and Maher (20@8y not find evidence of
biomagnificationof zincat higher trophic levels a seagrass ecosystem.

The mean sediant zinc concentratiom Tampa Bayvas 16.98 mg/kg, wita maximum 0622
mg/kgin McKay Bay (97HB10)Table 10)Zinc levels were abovihe TEL at1.86% of the
sites and exceedele PEL at 0.6% of the siteTable 10).The highest legls were in
HillsboroughBay and the Manatee River (Figure)59heZzZn:Al ratioshowever did not appear
to show elevated zinc levglBigure 6Q. Most of the contaminategites were in Hillsborough
Bay at sites within the Hillsborough River, McKay Bay, arouhePort of Tanpa,and at the
mouth of Bullfrog Creek (Figure §1Brooks and Doyle (1992) fodnconcentrations of zinc as
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high as 700 mg/kg in McKay Bay, which exceeds the highest value found in our samples (Table
10). Approximately 17% of the sites in the Brooks amyIB (1992)survey exceeded the PEL

value for zinocompared to only 0.88 of our monitoring sites-rithsenet al.,(1995) estimated
annual loading of zinc to Tampa Bay at 164,000 tons, with 66% of the input coming from urban
runoff.
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Table 10. Tampa Bay (19932017 ssdiment metals summary statistics and percentage of sites exceeding TEL and PEL values.

TEL ND ND 7.2 0.68 52.3 ND 30.2 ND 013 | 159 | ND 073 | ND
PEL ND ND 41.6 4.2 160 108 ND 112 ND 0.696 | 428 | ND 177 | ND | 271
n 1300 1076 | 1666 | 1666 1666 | 1666 | 1076 | 1666 | 1076 57 | 1666 | 1076 | 1666 | 1666 | 1666
— 0.000
Minimum 0.01 0.008 | 0.004 | 0.001 0.01 0.01 0.01 0.01 0.01 001 | 001 | 001 7 | 0009| 0.01
Meximam 637.71 1003 188.7 | 521.99
59540 | 22455 | 524.32| 131.63 | 15320 | 729.1 | 29953.45| 3 164.02 | 0.1 0 | 28341 472 | 2 6
Vedian 1.665 | 1174.062
1849.115| 1.865 | 1.2615| 0.26 | 7.0775 5 5 6.7095| 12.03 001 | 335 | 548 | 0.041] 0.382| 55925
Mean 4788.96 | 1342 | 2.73 | 1.05 2498 | 6.09 | 272036 | 12.60 | 20.29 001 | 11.67| 7.35 | 017 | 2.13 | 16.98
245.9
Sb 8354.15 | 19.18 | 17.27 | 4.66 | 376.31 | 24.45| 4399.99 | 28.60 | 22.45 0.02 8 1192 | 157 | 7.23 | 4154
% 0.00%
>TEL:<PE 5.28 7.74 1.38
L 5.3%6 | 40.22% | 6.18% | % 6.06% % % 1.86%

ND and diagonal hash lines = SQG Not Determined;
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Tampa Bay Benthic Monitoring Program
1993-2017
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Figure 28. Mean sediment aluminum concentrations by bay segment.
Error bars = 95% confidence interval, dashedine represents baywide mean.

Tampa Bay Benthic Monitoring Program
1993-2017

10000 T

1000 -|

Iron (mg/kg)

HB oTB MTB LTB MR TCB BCB

Bay Segment
Figure 29. Mean sediment iron concentrations by bay segment.
Error bars = 95% confidence interval, dashed line represents bawide mean.
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Tampa Bay Benthic Monitoring Program
1993-2017
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Figure 30. Mean sediment antmony concentrationsby bay segment.
Error bars = 95% confidence interval, dashed line represents bawide mean.

Tampa Bay Benthic Monitoring Program
1993-2017
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Figure 31 Tampa Bay Sh:Al ratio with 95% prediction intervals (solid lines).
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Tampa Bay Benthic Monitoring Program

1993-2017
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Figure 32. Mean sediment arseniconcentrationsby bay segmentError bars = 95%
confidence interval, dashed line represents bawide mean.Solid lines represent PEL
(upper; red) and TEL (lower; green) values.

Tampa Bay Benthic Monitoring Program
1993-2017
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Figure 33. Tampa BayAs:Al ratio with 95% prediction intervals (solid lines).
Solid lines represent PEL (upper; red) and TEL (lower; green) values.
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Figure 34. Spatial distribution of arsenic in Tampa Bay 1992017
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Tampa Bay Benthic Monitoring Program

1993-2017
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Figure 35. Mean sediment cadmiunconcentrationsby bay segmentError bars = 95%
confidence interval, dashed line represents bawide mean.Solid lines represent PEL

(upper; red) and TEL (lower; green) values.
Tampa Bay Benthic Monitoring Program
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Figure 36. Tampa BayCd:Al ratio with 95% prediction intervals (solid lines).
Dashed lines represent PEL (upper) and TEL (lower) values.
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Figure 37. Distribution of cadmium in Tampa Bay 19932017.
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Figure 38. Mean sedimem chromium concentrationsby bay segmentError bars = 95%
confidence interval, dashed line represents bawide mean.Solid lines represent PEL
(upper; red) and TEL (lower; green) values.

Figure 39. Tampa BayCr:Al ratio with 95% prediction intervals (solid lines).
Solid lines represent PEL (upper; red) and TEL (lower; green) values.
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