Integrated Water Quality Assessment
for Florida:
2012 305(b) Report
and 303(d) List Update

May 2012

Florida Department of Environmental Protection
Division of Environmental Assessment and Restoration
Tallahassee, Florida




2012 Integrated Water Quality Assessment for Florida, May 2012

This page intentionally left blank.

Florida Department of Environmental Protection



2012 Integrated Water Quality Assessment for Florida, May 2012

iii
Florida Department of Environmental Protection



2012 Integrated Water Quality Assessment for Florida, May 2012

ACKNOWLEDGMENTS

This document was prepared by staff in the following bureaus of the Division of Environmental
Assessment and Restoration, and the Division of Water Resource Management, within the
Florida Department of Environmental Protection:

e Bureau of Assessment and Restoration Support:
o Standards and Assessment Section
o Watershed Assessment Section

o Watershed Monitoring Section

e Bureau of Watershed Restoration:
o Ground Water Management Section
0 Nonpoint Source Management Section
0 Watershed Evaluation and Total Management of Daily Loads (TMDL) Section
o

Watershed Planning and Coordination Section

e Bureau of Laboratories:

0 Biology Section

e Bureau of Water Facilities Regulation:
o0 Domestic Wastewater Section
o0 Drinking Water Section

o0 National Pollutant Discharge Elimination System (NPDES) Stormwater
Section

0 Wastewater Compliance and Evaluation Section

Many thanks to staff at the Florida Fish and Wildlife Conservation Commission (FWC) for their
valuable help in updating the section on cyanobacteria in Chapter 3.

iv
Florida Department of Environmental Protection



2012 Integrated Water Quality Assessment for Florida, May 2012

TABLE OF CONTENTS

LIST OF ACRONYMS AND ABBREVIATIONS .........coorrcscssss s rsesssss s s s e e eenees XVI
EXECUTIVE SUMMARY ... iiiiiiiiiisss s s s rrsssssssss s s s s s ss s s nnnsssssssssssssssnnnsssssssssssssnnns XXI
CHAPTER 1: INTRODUCTION .......ciiiiiiiieeeeissses e sssssssssss s s e s s ssssnssssssssssssssnnsnnssssssssnes 1
1 o= 1
Federal Assessment and Reporting Requirements.........ccoeeeeceiiiiiiiiinneeecccnnns 1
Integrating the Federal Requirements into Florida’s Watershed
Management APProach ... s s na e 3
CHAPTER 2: BACKGROUND INFORMATION ....... .o rsrrmess e s s emmss e e e e mmne e eennas 5
OVEIVICW ....cceeeiiiiiiiiisenesssssss s s s e s e s s snssss s s s s e e s e s s nnnss s s s e e s e nsnnnnssssssssessnnnnnnnnsssssnsnssnnnnnn 5
[eLeT o101 F= 14T 0] o I PP RPRT 7
(O3 100 = 1 (PRSP 7
Surface Water and Ground Water ReSOUICesS .........ccceeeeeniiiiiirimeresnnsssssssssensennes 10
Sreams ANG RIVEIS ...ttt e et e e e e e e s e bbb e e e e e e e e s bbbbeeeaaaeaaanns 10
(= =T T PP RTPT 11
Estuaries and Coastal WALEIS .........cooiuiiiiiiiie ettt 12
VAT =T o o £ PO 12
F o LU TN =T = U Lo IS o1 1 1 13
[ Y7o [ oY T=Y o e T )V 14
SUTACE WALET ...ttt et e e e ettt e e e e e e e e ab bt e et e e e e e s e nbbbbeeeaaaeaaanns 14
GrOUNT WALET ....eiieiiieie ettt ettt et e e e s ettt e e e ssbe e e e e sabe e e e e sabe e e e s sbbeeeessbbeeeesabbeeeenas 14
Surface Water—Ground Water INtEraCtions .........ccceeeiiiiiiiiiiiee e 15
CHAPTER 3: ISSUES OF ENVIRONMENTAL INTEREST AND
INITIATIVES. ... s s s s s e s s s s s s s e s nmmnn s s s e e e e e e nmmnnnns 17
Issues of Environmental Interest ............cccii s 17
[T a1 o AT = PR 17
Healthy BEaCheS Program ...ttt e et e e e e e 20
Deepwater Horizon (MC252) Oil SPill...uuueiiieiiiiiiiiiiee e 21
Bacterial and Mercury ContamiNation ..........ooiouiiiiiiiiiiiiiie e 22
Harmful Algal BIOOMS ...t e e e e e e e e e nneeeee 23
INTEALIVES ..o 27
CHAPTER 4: FLORIDA’S APPROACH TO MONITORING SURFACE
WATER AND GROUND WATER......o e rremss e e e e 34
S = T e | o 11 T 1o 34
Florida’s Integrated Water Resources Monitoring Program ...........cccccccvvmvennnnn. 38
Element 1: MoNitoring ODJECHIVES ... ..uuiiiiiiii e 40
Element 2; MONITOIING Strategy ...cccicccvuiiiiiee i e e s ssre e e e e e e e e e s s s e e e e e s s e nnnneees 40
Element 5: QUAIITY ASSUTANCE ..cocoiiiiiiiiiiie ettt e e e e s et e e e e e e e e snnneees 41
v

Florida Department of Environmental Protection



2012 Integrated Water Quality Assessment for Florida, May 2012

Element 6: Data ManagemMENT........cooiiuiiiiiiiiie ittt s sn e e e s ebe e e e nneee 42
Element 9: Program EValUAtION ......ocuuiiiiiie ittt e e 42
Element 10: General Support and Infrastructure Planning ........cccoceeeviiiiniiniineeiiiieee e 43
Evolving Approaches to Monitoring ... 43
CHAPTER 5: DESIGN FOR THE STATUS AND TREND NETWORKS...................... 45
== T e | o 11T T 45
Status Network MoNitOring ............eeeueeeemmmmmmmmmmeenneeeeeeeenesennenee s 46
W aLEl RESOUICE TY PSS oiitiiiiiieii ettt e et e e e e e e ee e s e e et e e e bab s e e e e e e e eebananeeeeas 47
Geographic Design and Site SEIECHION .......ceiiii i 48
¥ Taal o] 1 a Yo = Ta Lo B €= To TUT= o ) P RSSRR 48
Status Network Core and Supplemental INdiCAtOrsS ........cooviiiiiiiiiiiiie e 49
Status Monitoring Network Design ChangeS.......ccuuveiieeeiiiiiiiieie e s s crteee e e e e s snraeee e e e e 52
Future Design and REPOITING ...coiii ittt e et e e e e e e e enneees 52
Trend NetWOo k... 53
Surface Water Trend NETWOTK .......ooi it e e e e 55
Ground Water Trend NETWOTK......oo.ueiiiiiiie ettt e st e e s e e snbeee e 55
Trend Network Core and Supplemental INdiCAtOrsS .......ccooiiiiiiiiiiiieii e 58
Data Evaluation........... 58

CHAPTER 6: RESULTS OF THE STATUS AND TREND NETWORK
ASSESSMENTS FOR 200910 .......cccoiiiiiiiimrneeennss s s s ssssssssss s eennes 59
Summary of Status Network Surface Water Results ..............cccevveeeeccciiiiiinnnnes 59
Ta N (e Yo [UTe3 1o ] o IR TP TP TP 59
Rivers, Streams, Large Lakes, and Small Lakes ........cccoccciiiiiiieeiiiiiiiiieece e s esieeee e e e 61
Sediment Quality EVAlUGLION ......ueiiiiii i s e see e e e e e s n e e e e e e e anns 70
Summary of Status Network Ground Water Results ............cccccmmveeennccciiiinnnnnes 76
Summary of Surface and Ground Water Trend Network Results..................... 82
SUMACE WALET TIEIMUS ..eeiiiiie ittt ettt e e e et e e e e e e s e sabbb e e e e e e e e e sanbbbeeeaaaeeaanns 82
GrouNd WALEE TIENAS ....veiii ettt sttt e et e e s sab e e e e s sbbe e e e s sbbeeeessnbeeeeaas 94

CHAPTER 7: OVERVIEW OF STRATEGIC MONITORING AND
ASSESSMENT METHODOLOGY FOR SURFACE WATER.............. 114
Historical Perspective on the Assessment Methodology ..........cccoiiiiiiiiiiiinn. 114
Assessment Methodology: The Impaired Surface Waters Rule ...........ccoecvvvveveeeeiiiinns 114
Description of the Watershed Management APProach ... 115
Implementation of the TMDL Program under the Rotating Basin Approach.................. 115
FOCUS ON OUELCOMIES ..oiiiiieiiiitieie ettt e e e e s e e e e e e s bbb e et e e e e e s nbnreeeeeeeeaaans 117
Assessment Periods for the Planning and Verified List Assessments ........ccccccceeeeinee 118
Determination of Use Attainment ... 118
Sources of Data ......cooeeeeeiiiii i —————————— 121
IWR StrategiC MONITOTING ..uvveeriieeeiiiiiiieieee e s e sestie e e e e s s st e e e e e e s e st ee e e e e e e s s snnanaeeeeeessennnnnens 125
Quality Assurance/Quality CoNtrol CritEria ......oocuveeiiiiie e 125
Rationales for Not USing EXiSTING Dat@........cccoviuviiiiiieeiiiiiiiieieee e e s sssiiieeee e e e e s sssnnvenee e e e e e 125
Vi

Florida Department of Environmental Protection



2012 Integrated Water Quality Assessment for Florida, May 2012

CHAPTER 8: RESULTS FOR ATTAINMENT OF DESIGNATED USES IN

SURFACE WATERS........ s 130

Surface Waters ASSESSEd.........cuuueummmmmmmmmmmmmmnnnnneennennnnnnnnnnnnnnnnnsnnnnsnnnnnnnnnnnnnnnnnnns 130

303(d) Listed Waters..........ceeeueemmmmmmmmmmmnneeenennnsensnsensssssssnssssnssnnnssssnssnnnnsnnnnsnnssnnnnns 131

Summary of Causes of Impairment.............ooeceiiiiiiiiirr e 132

D 1= 13 ] 3V 139

Biological ASSeSSMENt..........cce i 141
Use and Interpretation of Biological RESUILS ..........ooiiiiiiiiiiiiiii e 141

Special FOCUS: LaKes ... 143
Lake Trends fOr NULFHENTS ...ovii et 143
Approaches to Controlling Lake Pollution and Lake Water Quality.........ccccuveeeeieerinnne 145
Publicly Owned Lakes with Impaired USES .........c..ueiiiiiiiiiiiiiiiiiie e 145

Drinking Water Use SUuppoOrt ... 145
Overlap of Source Water Areas and Impaired Surface Waters.........cccccceeveeeevicciiienneeennnn 146

CHAPTER 9: INTRODUCTION TO GROUND WATER MONITORING. .................... 149

Summary of Ground Water Monitoring Programs..........cccccciiiiiiimnneeennnnnnnnn, 149
FDEP-Maintained Ground Water and Springs Monitoring Programs..........cccccccceeeeeeees 150
Potable Water Monitoring by FDOH/FDEP Water Supply Restoration Program ............ 151
Public Water System MONITOIING .....oooiiiiieiiiee e e e e e e e e e 151
Monitoring of Discharges to Ground Water ...........euviveeiiiiciieiiee e e e e e 152

CHAPTER 10: RESULTS OF THE GROUND WATER ASSESSMENTS................. 153

Overall Ground Water Quality.............ceueemmmmmmmmmmmmmneeneeneeeneeeeeeenseesnennnneasnnnaaaaa.. 153

Ground Water Quality Issues and Contaminants of Concern,

Including Potable Water ISsues..........ooiiiiieciiiircccrre e 156
Volatile Organic COMPOUNGS ......uuiiiiiieeei ittt e e e e e eb b e e e e e e e e s sanbereeeaans 156
Synthetic Organic ChemiCalS/PeStiCIUES ....cuuiiiiiiiiiiiiiee e 160
N T = L TSP UOPPTPPPRTT 160
L = LA AV = = | S SSSR 161
SAIINE WALET ...ttt oottt e e e e e s bbbttt e e e e e e e aanbbe b e e e aeeeaanbbbeeaaaaeaaann 162
Rz (o 110 o 10 Tod Lo [PPSR UUPPUPPRTP 162
TrHNAIOMETNANES ...t 163
BaCteria (COlTOIM). .. e ittt e e e e et e e e e e e e s s bbereeeeaaeeaanns 163

Summary of Ground Water Contaminant Sources ........ccccccceeiiiiiiiiinneeencccnnn. 163
Petroleum FaCilitiES ......vi i 164
Drycleaning SOIVENt FACTITIES ...ccoiiiiiiieeeeie e 164
Federal and State Waste Cleanup and MoNitoring Sit€S .....cccccccvvcviiiiereeeiiviiiiiree e 164
[T T T o Lo 7T gL Ao LU T =SSR 164

Ground Water—-Surface Water Interaction................eeuememmmmmmmmmmenieennneeeeeeeeeennnnes 165
Setting and PatNWaYS .....oooi it e e e e a e e e 165
Ground Water Influence on Impaired Surface Waters ........ccccccvveeeviiciiiieiee e 165
Springs and Spring-Related ISSUEBS .........ueiiiiiiiie e 166

vii
Florida Department of Environmental Protection



2012 Integrated Water Quality Assessment for Florida, May 2012

PROSPNOTUS .o a e e
CHAPTER 11: WATER PROTECTION AND RESTORATION PROGRAMS
Florida’s Water Resource Management Programs.........cc.ccoovveeniiinneees
Overview of Surface Water Monitoring Programs ...........cccccccuuueeennnnnees
Watershed-Based Monitoring and REPOItiNg .....cccoooiiiiiiiiiiiniiiiiiieeeeee e
Overview of Surface Water Protection Programs...........cccccuuuummnnnnnnnnes
Water Quality Standards Program .......ccccccooecciiiiiieee i e sssiieeee e e e
Watershed ASSESSMENT Program .......ccvieeiiiiiiiiiieieeesssiiieee e s e e e sssanieeee e e e e e snneneeees
PUDBIIC PartiCipation ....coooi oottt e e e e
Surface Water Improvement and Management Program........ccccccceeevvviivvneennnn.
Point Source Control Program ...t
Nonpoint Source Management Program .........ccccueeereeereiieienieeeeeeessssrnneeeeseesnnnnns
LaNd ACQUISTTION ..ttt e et e e e e e e e ae e e e e e e e e annes

Costs and Benefits of Implementing Florida's Surface Water Protection
Programs to Meet the CWA’S ODJECLIVES .....ooviiiiiiiiiiee e
Coordination with Other State, Tribal, and Local Agencies ........cccccccoevvvvveenrnnn.
WeEtlaNdS PrOgQram ..o oottt a et e e e e e e e snneee s
Results of Florida’s Surface Water Protection Programs .........ccccoccvvvveveeennnnns
REFERENCES........ .o
APPENDICES. ........ .o r s nms s e e nnnmmnnnns

Appendix A: Discussion of Status Network Surface Water
Indicators for Rivers, Streams, and Lakes, and Ground Water
Indicators for Confined and Unconfined Aquifers........ccccccovrrremnnrnneee.
Surface Water Indicators for Rivers, Streams, and Lakes..........cccccccovvvvvnnnnnnnn.
Ground Water Indicators for Confined and Unconfined Aquifers ....................
Appendix B: Tables and Maps from the 2009-10 Status Network
Assessment Results for Large Lakes, Small Lakes, Rivers, Streams,
Confined Aquifers, and Unconfined Aquifers .........coooveeeiiimieniiiieeene.
Appendix C. IWR Methodology for Evaluating Impairment.................
Aquatic Life Based Use AttainMeNnt .........coooviiiiiiiiiee e
Primary Contact and Recreation Use Attainment ...
Fish and Shellfish Consumption Use Attainment ..........cccccvvvvveeiiiiiiiiineee e
Drinking Water Use AttaiNnmMent . ...
Evaluation and Determination of Use Attainment...............cccoeeeeeie e,

Appendix D: Impaired Lakes in Florida, Group 1-5 Basins.................

viii
Florida Department of Environmental Protection



2012 Integrated Water Quality Assessment for Florida, May 2012

List of Tables
Table 2.1, FlOMda AtIAS ... e e e e 6
Table 4.1a. FDEP's Tier | MONitoring Programs .........couuiuiiiiieeiiieiiee e eeeeans 39
Table 4.1b. FDEP's Tier | and Tier Il Blended Monitoring Programs ..........cccccceeeeiieeeeeennnnn, 39
Table 4.1c. FDEP's Tier Il MoONItoring Programs ... 39
Table 4.1d. FDEP's Tier lll MONItoring Programs .........ouuueiiieeeieiiiiie e eeeanns 39
Table 5.1a. Status Network Core and Supplemental Indicators for Field

MEBASUIIMEBINTS ...ttt et e e e e e e e e aeb e eeeeaeeeneees 50
Table 5.1b. Status Network Core and Supplemental Indicators for

Biological and Microbiological INdicators........ccceeveeeiiiiiiiiiiii e 50
Table 5.1c. Status Network Core and Supplemental Indicators for Organic

aNd NULFENT INAICALOTS ....vviiiiiiiiiiiiiiiiiee it eeseeeee 50
Table 5.1d. Status Network Core and Supplemental Indicators for Major lon

INAICALOTS e 51
Table 5.1e. Status Network Core and Supplemental Indicators for Metal

[ Yo [T o3> o ] =3RS 51
Table 5.1f. Status Network Core and Supplemental Indicators for Physical

Property INAICALOIS ..ot eeeeeeeees 51
Table 5.2a. Status Network Organic and Nutrient Indicators for Sediment

ANAIYSIS IN LAKES ... et e e 51
Table 5.2b. Status Network Metal Indicators for Sediment Analysis in Lakes................... 52
Table 5.3a. Trend Network Field Measurement INdiCators .........ccoeeeeeeieee e 53
Table 5.3b. Trend Network Biological and Microbiological Indicators.........ccccccceeveeeenneene. 54
Table 5.3c. Trend Network Organic and Nutrient Indicators........cccccceeeveeieiiiiiiiiiiie e 54
Table 5.3d. Trend Network Major 10N INAICAtOrS .......covviiiiiiiii e 54
Table 5.3e. Trend Network Metal INAiCatOrS ........oooeiiiiiiiii e 55
Table 5.3f. Trend Network Physical Property INdicators..........ccoovvvivviiiiieeeiiciiiicie e 55
Table 6.1. Summary of Surface Water Resources Assessed by the Status

Network’s Probabilistic Monitoring, 2009—10............ccuuiieiiieeriiiiiiieee e, 59
Table 6.2a. Status Network Physical/Other Indicators/Index for Aquatic Life

Use with Water Quality Criteria/Thresholds ..........coovvviiiiiiiiiii e, 60
Table 6.2b. Status Network Microbiological Indicators/Index for

Recreational Use with Water Quality Criteria/Thresholds ...........ccccvvvvnennenn. 60
Table 6.2c. FDEP Freshwater Lake Sediment Contaminant Thresholds for

L= = 1P 60
Table 6.3a. Explanation of Terms Used in Tables 6.3b through 6.3€..........ccciiiiiiiiinnei. 61
Table 6.3b. Statewide Percentage of Rivers Meeting Threshold Values for

Indicators Calculated Using Probabilistic Monitoring Design ........cccccccee...... 63
Table 6.3c. Statewide Percentage of Streams Meeting Threshold Values for

Indicators Calculated Using Probabilistic Monitoring Design ........c..ccccee...... 65

iX

Florida Department of Environmental Protection



2012 Integrated Water Quality Assessment for Florida, May 2012

Table 6.3d. Statewide Percentage of Large Lakes Meeting Threshold
Values for Indicators Calculated Using Probabilistic Monitoring

31153 Yo | o P

Table 6.3e. Statewide Percentage of Small Lakes Meeting Threshold Values
for Indicators Calculated Using Probabilistic Monitoring

1S Yo | o S

Table 6.4a. Statewide Percentage of Large Lakes Meeting Sediment

Contaminant ThresShold ValUES........ooevieviiieeeee e

Table 6.4b. Statewide Percentage of Small Lakes Meeting Sediment

Contaminant ThresShold ValUES........coe i

Table 6.5. Status Network Physical/Other Indicators/Index for Potable
Water Supply for Ground Water with Water Quality

Criteria/TRreSholdS ... e
Table 6.6a. Legend for Terms Used in Tables 6.6b and 6.6C............cccccevveeiiiiiiinnnnnnn.

Table 6.6b. Statewide Percentage of Confined Aquifers Meeting Threshold
Values for Indicators Calculated Using Probabilistic Monitoring

315 Yo | o T

Table 6.6c. Statewide Percentage of Unconfined Aquifers Meeting
Threshold Values for Indicators Calculated Using Probabilistic

MONITOTING DESIGN ..o
Table 6.7. Surface Water Trend Summary (1999-2010).........cceeviiieriiiiiiereiiineeeeninnn,

Table 6.8a. Legend for the Acronyms and Abbreviations Used in Tables

B.8D AN B.8C . e

Table 6.8b. Trends for Specified Analytes for Surface Water Trend Network
Stations that Are Associated with a USGS Gauging Station and

Adjusted for RIVEN FIOW .......coiiiiecci e

Table 6.8c. Trends for Specified Analytes for Surface Water Stations from

the Trend Network and not Adjusted for River Flow ........cc.ccccooooeiii,
Table 6.9. Ground Water Trend Summary (1999-2010) ......cccceeeeeiiiiiiiiiieiieeeeeeeeiiinnn.

Table 6.10a. Legend for the Acronyms and Abbreviations Used in Tables

B.10D ANA B.00C .. cn e

Table 6.10b. Trends for Specified Analytes for Stations in the Ground

Water Trend Monitoring Network, Confined Aquifers ..........ccccoeeeeeeenn.

Table 6.10c. Trends for Specified Analytes for Stations in the Ground

Water Trend Monitoring Network, Unconfined Aquifers ............ceee...

Table 7.1. Basin Groups for Implementing the Watershed Management

Cycle, by FDEP DiStriCT.....civviiiiiiieeeees e e e e e e e e eeaees
Table 7.2. Phases of the Basin Management CycCle......ccccccoeiiiiiiiiiiiiiii e,

Table 7.3. Data Used in Developing the Planning and Verified Lists for the

Basin ROtation CYCIES ..ouvuuiii i

Table 7.4. Designated Use Attainment Categories for Surface Waters in

Table 7.5. Categories for Waterbodies or Waterbody Segments in the 2012

INtegrated REPOIT ..o e e

Florida Department of Environmental Protection



2012 Integrated Water Quality Assessment for Florida, May 2012

Table 7.6. Organizations Providing Data Used in the IWR Assessments .............ceeeeeees 123
Table 7.7. Types of Data Excluded from IWR ASSESSMENTS ......ccooveiiiiiiiiiiiieeeeee 128
Table 8.1. Total Number of Waterbody Segments and Size of Assessed

Waterbody Segments by Waterbody TYPe ... 131
Table 8.2a. Assessment Results for Pathogens by Waterbody Type and

ASSESSMENT CAlOGOIY ..ttt e et e eeeaa e e e eeanns 133
Table 8.2b. Assessment Results for Nutrients by Waterbody Type and

ASSESSMENT CAlOQOIY ..eiiiii et et e et eeeaa e e eaanas 134
Table 8.2c. Assessment Results for Mercury by Waterbody Type and

ASSESSMENT CAlOGOIY ..uniiiiii e e et a e et aeeeanas 134
Table 8.3a. Miles of Rivers/Streams Impaired by CausSe ............cceeeeiiiiivviiiiiiin e, 134
Table 8.3b. Square Miles of Lakes Impaired by CauSe........coovviieiiiiiiiiiiiiiiiee e, 135
Table 8.3c. Square Miles of Estuaries Impaired by Cause .........cccccoeveeiiiiiiiiie e, 135
Table 8.3d. Square Miles of Coastal Waters Impaired by Cause ..........ccccccvveeeiiieiivennnnnnnn. 136
Table 8.4a. Distribution of Biological Results by Assessment Type and

AQUAtiC Life USE SUPPOI ..ottt 142
Table 8.4b. Summary of Biological Results by Assessment Type and

AQUALIC Life USE SUPPOI . ..uiiiii et 143
Table 8.5. Total Miles of Rivers/Streams and Square Miles of

Lakes/Reservoirs Designated for Drinking Water USe ..........ccccevveiiiiiiennees 145

Table 8.6. Waterbodies Designated for Drinking Water Use by Assessment
Category (Results for Assessments Including Criteria for All
L0 LY SIS U1 o] oo 1 o) S 147

Table 8.7. Summary of Impaired River/Stream Miles and Lake/Reservoir
Square Miles Overlapping Source Water Areas of Community

WALEE SYSTEIMS ..o ettt e et eeeeeees 148
Table 9.1a. Summary of Ground Water Monitoring Programs and Data
Sources: FDEP-Maintained Monitoring NetWoOrkS..............uvvvevvviiviviieinennnnnn. 149

Table 9.1b. Summary of Ground Water Monitoring Programs and Data
Sources: Programs that Include Potable Ground Water

Sampling: FDEP-Maintained Monitoring NetworksS..........ccccccveeeiiiieeveeennnnnnn, 150
Table 10.1. Summary of Percent Ground Water Samples Achieving Primary
Ground Water Standards for Selected Analytes by Basin .........cccccvvvvvvvnnnnes 154

Table 10.2a. Summary of Recent Exceedances of Primary Ground Water
Standards in Untreated Samples from Private Wells and
Ground Water—Based Public Water Systems.........ccccceevvieiiiiiiiiiiii e, 158

Table 10.2b. Summary of Recent Exceedances of Primary Ground Water
Standards in Untreated Samples from Private Wells and

Ground Water—Based Public Water Systems.........cccoeevveeeiiiiiiiiiie e, 159
Table 10.3. Median Concentrations of Ground Water—Surface Water
Constituents in Unconfined Aquifers (2000—11) ......cccooeeeeiiiiiiiiiiiieeeeeeceeniinnnn. 167
Table 11.1. Status of Ongoing BMAP EffOrtS ..o 179
Table 11.2. Number of Enrolled Acres and NOIs as of June 30, 2011 .........cccoevvvvverinnnnnn. 186
Xi

Florida Department of Environmental Protection



2012 Integrated Water Quality Assessment for Florida, May 2012

Table 11.3. Florida Legislative Appropriations for Nonpoint Sources and

TMDLS, 2000—11 .....iiiiiiiiiieee e e e e eecir e e e e e e e e e e e e e e e e e e s s raneeraaaeeaaaans
Table 11.4. Results of the 2008 Clean Watersheds Needs Survey for Florida

Table 11.5. Primary Coordination Mechanisms for Managing State,

Regional, and Local Water RESOUICES.........ccuuviieiiieeiiiiiie e,
Table 11.6. Historical Estimates of Wetlands in Florida, 1780-1980 ...........c.ccvvvn....
Table 11.7. Open Mitigation Banks in FIOridal ...........cooceeeeeoeeoeeeeeeeeeeeeeeeee e,

Table 11.8. Acreage of Affected Wetlands Regulated by FDEP and the

WMDS (2010=1L) ..o eeee et eee et ee et e e es e eseese e,

Table A.1. Status Monitoring Network Water Quality Standards for Surface

RV Y= L=

Table A.2. Status Monitoring Network Water Quality Standards for Ground

RV Y= 1=

Table B.1. 2009 Statewide Percentage of Rivers Meeting Threshold Values
for Indicators Calculated Using Probabilistic Monitoring

1T o | o S

Table B.2. 2010 Statewide Percentage of Rivers Meeting Threshold Values
for Indicators Calculated Using Probabilistic Monitoring

DTS Yo | o

Table B.3. 2009 Statewide Percentage of Streams Meeting Threshold
Values for Indicators Calculated Using Probabilistic Monitoring

D113 Yo | o

Table B.4. 2010 Statewide Percentage of Streams Meeting Threshold
Values for Indicators Calculated Using Probabilistic Monitoring

D SIgN e

Table B.5. 2009 Statewide Percentage of Large Lakes Meeting Threshold
Values for Indicators Calculated Using Probabilistic Monitoring

D SIgN e

Table B.6. 2010 Statewide Percentage of Large Lakes Meeting Threshold
Values for Indicators Calculated Using Probabilistic Monitoring

(D=2 [0 ] o PP TP PP PP PPRPPPPPPPPPRPRPPIN

Table B.7. 2009 Statewide Percentage of Small Lakes Meeting Threshold
Values for Indicators Calculated Using Probabilistic Monitoring

DTSy o | o [P

Table B.8. 2010 Statewide Percentage of Small Lakes Meeting Threshold
Values for Indicators Calculated Using Probabilistic Monitoring

D 1TSY o | o [P

Table B.9. Status Monitoring Network Water Quality Criteria/Thresholds for

TR o] 8T g Yo IYLT = (<Y S

Table B.10. 2009 Statewide Percentage of Confined Aquifers Meeting
Threshold Values for Indicators Calculated Using Probabilistic

MONITOrING DESIGN ...ciiiiiiiiiiiiiiii ettt

Table B.11. 2010 Statewide Percentage of Confined Aquifers Meeting
Threshold Values for Indicators Calculated Using Probabilistic

MONITOrING DESIGN ...coiiiiiiiiiiiiiiiiiiee ettt

Xii
Florida Department of Environmental Protection



2012 Integrated Water Quality Assessment for Florida, May 2012

Table B.12.

Table B.13.

Table C.1.
Table C.2.
Table C.3.

Table C.4.

List of Fi

Figure 2.1.
Figure 2.2.
Figure 2.3.
Figure 5.1.
Figure 5.2.
Figure 5.3.
Figure 5.4.

Figure 6.1.
Figure 6.2.
Figure 6.3.
Figure 6.4.
Figure 6.5.
Figure 6.6.
Figure 6.7.
Figure 6.8.
Figure 6.9.

Figure 6.10.
Figure 6.11.
Figure 6.12.
Figure 6.13.
Figure 6.14.
Figure 6.15.
Figure 6.16.
Figure 6.17.

2009 Statewide Percentage of Unconfined Aquifers Meeting
Threshold Values for Indicators Calculated Using Probabilistic
MONITOTTNG DESIGN ..t e e e e e eeaaea e e e e eeeeeenee 236

2010 Statewide Percentage of Unconfined Aquifers Meeting
Threshold Values for Indicators Calculated Using Probabilistic

MONITOTTING DESIGN ...ciiieeiiie e e e e e e e e e e e e e e eanene 237
Sample Counts for Analytes Having Numeric Criteriain the

Florida StandardsS.......oooeeeiiieeei e 240
SCI Metrics for the Northeast, Panhandle, and Peninsula

RegioNS Of FIOMIAa.....ooeeiiiiiie e e e 245
BioRecon Metrics for the Northeast, Panhandle, and Peninsula

RegIioNS Of FIOMIAa. ... e e 245
BioRecon Sample Size and INdexX RaNQe........cccovvviiiiiiiiiiiciiie e 246
gures

Florida’s Population Distribution, 2010 ..........cooiiiiiiiiiii e 8
Florida’'s Average Annual Rainfall, 1981-2010.........ccccoeieiiiiiiiiiiiiiiieeeeeeeee e, 9
SPrings Of FlOrida. ..o 14
Status Monitoring Network Reporting UnitS.........ooooii 46
Status Network Sampling Periods for 2009 and 2010.........ccccooeeeevviviiiiiiieeeennn, 48
Surface Water Trend NetWOrk SIteS .......oooiiiiiiiiiiiii e 56
Ground Water Trend Network Sites with Sufficient Period of

=T oo ] o [ 57
Statewide River Sample LOCAtiONS ......coiviiiiiiiiiiec e 62
Statewide Summary of River ReSUIES.........oooo i 63
Statewide Stream Sample LOCAtiONS ......ooooeiiiiiiii 64
Statewide Summary of Stream ReSUILS ........ooovviiiiiiiiiiie e, 65
Statewide Large Lake Sample LOCatioNS........coooeeeieeeiieeeeeeeeeeeeeeeee 66
Statewide Summary of Large Lake ReSUltS.........ccooooeiiiiiiie 67
Statewide Small Lake Sample LOCatioNS........ccovvveieiiiieiiieiiicce e 68
Statewide Summary of Small Lake ReSultS ... 69
Statewide Summary of Large Lake Sediment ResuUltS.........cccoooeeeiiviiiiiieeneeenn., 73

Statewide Summary of Small Lake Sediment ReSUltS ...........ccoeevvviieeiiieenninnnns 75

Statewide Confined Aquifer Well LOCationS ........ccoooeeeeiieeeieeeeeeeeeeeee e 78

Statewide Summary of Confined Aquifer Results.........ccccoooeeiiiiiiiiiinenniennns 79

Statewide Unconfined Aquifer Well LOCationsS...........cccooevviiiiiiiiiiiiiiiiiiiiiieee 80

Statewide Summary of Unconfined Aquifer Results............cccociii. 81

Surface Water Trends for Nitrate + Nitrite, 1999—-2010.......cccoccvveirriinriinreennennns 86

Surface Water Trends for TKN, 1999—2010.......cccccoviiuiiiniiiiiiiieieeeee e 87

Surface Water Trends for TP, 1999—2010......c.cccoviiuiiirieiieieeeeeie e ee e eeeeeenns 88

Xiii

Florida Department of Environmental Protection



2012 Integrated Water Quality Assessment for Florida, May 2012

Figure 6.18. Surface Water Trends for TOC, 1999—2010.........cccuciiiieeeriiiiiiiiiiieeeeeeeeiie e 89
Figure 6.19. Surface Water Trends for Chlorophyll a, 1999-2010..........cccccevvvvvvviiiiieerinnnnnn. 90
Figure 6.20. Surface Water Trends for Fecal Coliform Bacteria, 1999-2010...................... 91
Figure 6.21. Surface Water Trends for pH, 1999-2010 ..........ccuvviiiiiieiriiiiiiiii e 92
Figure 6.22. Surface Water Trends for DO, 1999—2010.........coouuiiiiiierriiiiiiiiiaee e 93
Figure 6.23. Ground Water Trends for Temperature, 1999—2010...........ccovvcieireeerrririinnnnnnn. 98
Figure 6.24. Ground Water Trends for Specific Conductance, 1999-2010.................vvunn... 99
Figure 6.25. Ground Water Trends for pH, 1999—-2010.........cccuurririmmmmrmmmeeeeiieieeiiieeeeiennnnnnnns 100
Figure 6.26. Ground Water Trends for Depth to Water, 1999-2010 .........ccccoevveevvvviiinnnnnnn. 101
Figure 6.27. Ground Water Trends for Total Dissolved Solids, 1999-2010...................... 102
Figure 6.28. Ground Water Trends for Nitrate + Nitrite, 1999-2010...........cccccceeerriiinnnnne. 103
Figure 6.29. Ground Water Trends for Phosphorus, 1999-2010............ccccceeeviieivrreiiinnnnnnn. 104
Figure 6.30. Ground Water Trends for Potassium, 1999—2010..........ccccouvuviiiiieerereeiennnnnnnn 105
Figure 6.31. Ground Water Trends for Sulfate, 1999-2010..........ccceeeeeeiiiiiiiiiiiiieeeeeeeeniieenn, 106
Figure 6.32. Ground Water Trends for Sodium, 1999-2010 .........ccceeeeeviiiiiiiiniieeeeeeeeniiennn, 107
Figure 6.33. Ground Water Trends for Chloride, 1999—2010............ccuvurrrerremermmeiennnnnnnnnnnns 108
Figure 6.34. Ground Water Trends for Calcium, 1999-2010...........ccceeevrrviviiiiieeeeeeeeeniinnnn, 109
Figure 6.35. Ground Water Trends for Magnesium, 1999-2010.............ccevvevremremmmnrnnnnnnnnns 110
Figure 6.36. Ground Water Trends for Alkalinity, 1999—2010.............cuuvrerrmmmmmmmmmnnnnnnnnnnnnns 111
Figure 6.37. Ground Water Trends for Total Coliform, 1999-2010............ccccoeeeeeeevieennnnnnn. 112
Figure 6.38. Ground Water Trends for Fecal Coliform, 1999-2010............ccccccvvrieernnnnnns 113
Figure 7.1. Period of Record Assessment Flow Chart...........cccccoeeiiiiiiiiiiiiiiii e, 122
Figure 8.1a. Results of Florida’'s Surface Water Quality Assessment: EPA

Assessment Categories for Pathogens........ccccccceeiiiiiiiiiecii e, 137
Figure 8.1b. Results of Florida's Surface Water Quality Assessment: EPA

Assessment Categories for NULHEeNtS........cccvvviiii e, 138
Figure 8.1c. Results of Florida’'s Surface Water Quality Assessment: EPA

Assessment Categories fOr MErCUIY ......ooooivviiiiiii e 139
Figure 8.2. Decision Tree for Delisting for Nutrient Impairment Based on

ChIorophyll @ (ChI=a) ... e 140

Figure 10.1. Statewide Summary of Primary MCL Exceedances Reported
for Untreated Public Water Systems and Private Wells in a

Recent TWO-Year PEriod .........oouviiiiiiiiiiiiiiiiiiiiiiieeieeieeeeeeeeeeee e 157
Figure 10.2. Median Nitrate + Nitrite Concentrations in the Spring Network

2400 0 169
Figure 10.3. Median Orthophosphate Concentrations in the Spring

NEtWOIK, 200106 .......ceeiiiiiiiiiiiiiiiiiiieiieieee ettt aeeeaeeaaseeeseeeaaeesesaebeeenneees 170
Figure 11.1. Agencies Responsible for Water Resource Coordination and

Management in FIOrida ........oooooiiiiiiiii e 196
Figure B.1. 2009 Statewide Summary of River RESUILS ..........ccoovviiiiiiiiiiiiiiiiiiiiieee 225
Figure B.2. 2010 Statewide Summary of River RESUItS ..........ooovviiiiiiiiiiiiie e, 226

Xiv

Florida Department of Environmental Protection



2012 Integrated Water Quality Assessment for Florida, May 2012

Figure B.3. 2009 Statewide Summary of Stream ReSUItS .........ccceeviiiiiiiiiiiiii e, 227
Figure B.4. 2010 Statewide Summary of Stream ReSUltS ..........ooovvvviiiiiiiiiiiiiiiiiiiiiieee 228
Figure B.5. 2009 Statewide Summary of Large Lake ReSults .........cccccvvvvviiiiiiiiiiiiiiiinnnne, 229
Figure B.6. 2010 Statewide Summary of Large Lake ReSUItS ..........ccovvvviiiiiiiiicievcciiiinn. 230
Figure B.7. 2009 Statewide Summary of Small Lake ReSUltS ..........ccccevvvviviiiiiiiiiiiiiiiinee, 231
Figure B.8. 2010 Statewide Summary of Small Lake ReSUltS ..........ccovvvviiiiiiiciiiiiiiinn. 232
Figure B.9. 2009 Statewide Summary of Confined Aquifer Results ...........cc..ocoovviiiinnnn. 234
Figure B.10. 2010 Statewide Summary of Confined Aquifer Results .........cccccccvvvvvviinnnnn. 235
Figure B.11. 2009 Statewide Summary of Unconfined Aquifer Results ............ccccvvveennn. 236
Figure B.12. 2010 Statewide Summary of Unconfined Aquifer Results ..........ccccccvvveneen. 237
XV

Florida Department of Environmental Protection



2012 Integrated Water Quality Assessment for Florida, May 2012

ug

ng/L
uS
uS/cm
ALK

As
ASR
ATAC
B-BHC
BGD
BioRecon
BMAP
BMP
BOD
BRACE
Ca
CaCo03
CAMA
CARL
CBI
CBIR
CCMP
CCUA
CEl
CERCLA
CERP
cfs
CFU/100mL
Chl-a
Cl

cm

CSl
CSO
CWA
CWNS
CWSRF
DEAR
DEP
DMR
DO
DOSS
DPBE
DSCP
DWMP
EDB

LIST OF ACRONYMS AND
ABBREVIATIONS

Microgram

Micrograms per Liter

MicroSiemen

MicroSiemens per Centimeter

Alkalinity

Arsenic

Aquifer Storage and Recovery

Allocation Technical Advisory Committee
Beta Benzenehexachloride

Billion Gallons per Day

BioReconnaissance

Basin Management Action Plan

Best Management Practice

Biological Oxygen Demand

Bay Regional Atmospheric Chemistry Experiment
Calcium

Calcium Carbonate

Coastal and Aquatic Managed Areas
Conservation and Recreation Lands
Compliance Biomonitoring Inspection
Community Budget Initiative Request
Comprehensive Conservation and Management Plan
Clay County Utility Authority

Compliance Evaluation Inspection
Comprehensive Environmental Response Compensation and Liability Act
Comprehensive Everglades Restoration Plan
Cubic Feet per Second

Colony-Forming Units per 100 Milliliters
Chlorophyll a

Chloride

Centimeter

Compliance Sampling Inspection

Combined Sewer Overflow

Clean Water Act

Clean Watersheds Needs Survey

Clean Water State Revolving Fund

Division of Environmental Assessment and Restoration
Department of Environmental Protection
Discharge Monitoring Report

Dissolved Oxygen

Dioctylsulfosuccinate-NA

Dipropylene Glycol Butyl Ether

Drycleaning Solvent Cleanup Program
District Water Management Plan

Ethylene Dibromide

XVi

Florida Department of Environmental Protection



2012 Integrated Water Quality Assessment for Florida, May 2012

ELRA
EMAP
EPA
ERP
ESOCs
F.A.C.
FC
FDACS
FDCA
FDEO
FDEP
FDER
FDOH
FDOT
FFL
FGS
FL STORET
FMRI
F.S.
FWC
FWCI
FWRA
FWRI
FWRMC
FWVSS
FY
FYI
GIS
GRTS
GWTV
HAB
HAL
HDG
HUC
IBI
IMAP
IMC
IRL
ISD
IWR
IWRM
K

kg
kg/yr
L

LID
LVI
LVS
MCL
MDL
mg

Environmental Litigation Reform Act
Environmental Monitoring and Assessment Program
U.S. Environmental Protection Agency
Environmental Resource Permit

Emerging Substances of Concern

Florida Administrative Code

Fecal Coliform

Florida Department of Agriculture and Consumer Services
Florida Department of Community Affairs

Florida Department of Economic Opportunity
Florida Department of Environmental Protection
Florida Department of Environmental Regulation
Florida Department of Health

Florida Department of Transportation
Florida-Friendly Landscaping

Florida Geological Survey

Florida Storage and Retrieval (Database)

Florida Marine Research Institute

Florida Statutes

Florida Fish and Wildlife Conservation Commission
Florida Wetland Condition Index

Florida Watershed Restoration Act

Fish and Wildlife Research Institute

Florida Water Resources Monitoring Council
Foodborne, Waterborne, and Vectorborne Disease Surveillance System
Fiscal Year

Fifth Year Inspection

Geographic Information System

Generalized Random Tessellation Stratified
Ground Water Temporal Variability

Harmful Algal Bloom

Health Advisory Limit

Human Disturbance Gradient

Hydrologic Unit Code

Impact Bioassessment

Inshore Marine Monitoring and Assessment Program
International Minerals and Chemicals Corporation
Indian River Lagoon

Insufficient Data

Impaired Surface Waters Rule

Integrated Water Resources Monitoring

Potassium

Kilogram

Kilograms per Year

Liter

Low-Impact Development

Lake Vegetation Index

Linear Vegetation Survey

Maximum Contaminant Level

Method Detection Limit or Minimum Detection Limit
Milligram

XVii

Florida Department of Environmental Protection



2012 Integrated Water Quality Assessment for Florida, May 2012

Mg
MGD
mg/kg
mg/L
mL
MML
MS4
MSSW
NOx

N

Na
N/A
NCRS
NEEPP
NELAC
NEP
NHD
NOAA
NOI
NOV
NPDES
NPL
NRDC
NSP
NSTP
NWFWMD
OAWP
OFW
OSTDS
P
P-2000
PAHs
PAI
PAM
Pb
PBS
PBS&J
PCBs
PCE
PCU
PEC
PLRG
ppb
PQL
psu
PWS
PWS ID#
QA
QA/QC
QPS
RFA

Magnesium

Million Gallons per Day

Milligrams per Kilogram

Milligrams per Liter

Milliliter

Mote Marine Laboratory

Municipal Separate Storm Sewer System
Management and Storage of Surface Water
Nitrate + Nitrite

Nitrogen

Sodium

Not Available or Not Applicable

Natural Conservation Resources Service

Northern Everglades and Estuaries Protection Program
National Environmental Laboratory Accreditation Conference

National Estuary Program

National Hydrography Dataset

National Oceanic and Atmospheric Administration
Notice of Intent

Notice of Violation

National Pollutant Discharge Elimination System
National Priorities List

Natural Resources Defense Council
Neurotoxic Shellfish Poisoning

National Status and Trends Program
Northwest Florida Water Management District
Office of Agricultural Water Policy
Outstanding Florida Water

Onsite Sewage Treatment and Disposal Systems
Phosphorus

Preservation 2000

Polynuclear Aromatic Hydrocarbons
Performance Audit Inspection
Polyacrylamides

Lead

Performance-Based Systems

Post, Buckley, Schuh, and Jernigan, Inc.
Polychlorinated Biphenyls
Tetrachloroethylene

Platinum Cobalt Unit

Probable Effects Concentration

Pollutant Load Reduction Goal

Parts per Billion

Practical Quantification Limit

Practical Salinity Unit

Public Water System

Public Water System Identification Number
Quality Assurance

Quality Assurance/Quality Control

Qualitative Periphyton

Restoration Focus Areas

XViii

Florida Department of Environmental Protection



2012 Integrated Water Quality Assessment for Florida, May 2012

rNHD
RPS
SO,

SB

sc

scl
SERCC
SERT
SFWMD
SJRWMD
SK
SOCs
SOP
SOR
SRF
SRWMD
SSACs
STA
STAG
STCM
STORET
SWAPP
SWFWMD
SWIM
TAC
TC
TCE
TDS
TEC
Th-232
THMs
TKN
TMDL
N
TOC
TP

TSI
TSS
TV
U-238
UF
UF-IFAS
uic
UMAM
USACOE
U.S.C.
USDA
USGS
VISA
VOCs
WBID

Re-Leveled National Hydrography Dataset
Rapid Periphyton Survey

Sulfate

Senate Bill

Specific Conductance

Stream Condition Index

Southeast Regional Climate Center

State Emergency Response Team

South Florida Water Management District
St. Johns River Water Management District
Seasonal Kendall

Synthetic Organic Chemicals

Standard Operating Procedure

Save Our Rivers

State Revolving Fund

Suwannee River Water Management District
Site-Specific Alternative Criteria
Stormwater Treatment Area

State and Tribal Assistance Grant

Storage Tank Contamination Monitoring
Storage and Retrieval (Database)

Source Water Assessment and Protection Program
Southwest Florida Water Management District
Surface Water Improvement and Management
Technical Advisory Committee

Total Coliform

Trichloroethylene

Total Dissolved Solids

Threshold Effects Concentration
Thorium-232

Trihalomethanes

Total Kjeldahl Nitrogen

Total Maximum Daily Load

Total Nitrogen

Total Organic Carbon

Total Phosphorus

Trophic State Index

Total Suspended Solids

Temporal Variability

Uranium-238

University of Florida

University of Florida Institute of Food and Agricultural Sciences

Underground Injection Control

Uniform Mitigation Assessment Method
U.S. Army Corps of Engineers

U.S. Code

U.S. Department of Agriculture

U.S. Geological Survey

Very Intense Study Area

Volatile Organic Compounds
Waterbody Identification Number

XiX

Florida Department of Environmental Protection



2012 Integrated Water Quality Assessment for Florida, May 2012

WHO World Health Organization

WL Water Level

WMD Water Management District

WMS Watershed Monitoring Section
WQBELs Water Quality—Based Effluent Limitations
wal Water Quality Inspection

WQS Water Quality Standard

WQX Water Quality Exchange

WRP Wetland Resource Permit

WSRP Water Supply Restoration Program
WWTF Wastewater Treatment Facility

XSl Toxic Sampling Inspection

XX
Florida Department of Environmental Protection



2012 Integrated Water Quality Assessment for Florida, May 2012

EXECUTIVE SUMMARY

Purpose and Contents

This report provides an overview of the status and overall condition of Florida’s surface and
ground water quality addressing reporting requirements of Sections 305(b) and 303(d) of the
Federal Clean Water Act (CWA). Section 305(b) requires each state to report to the U.S.
Environmental Protection Agency (EPA) on the condition of its surface waters, and Section
303(d) requires each state to report on its impaired waterbodies (those not meeting water
quality standards). Using the information from all the states, the EPA provides Congress with a
national inventory of water quality conditions and develops priorities for future federal actions to
protect and restore aquatic resources.

In preparing this report, the Florida Department of Environmental Protection (FDEP) assessed
an abundance of available water quality data, including data from FDEP’s Ambient Monitoring
Networks (the “Status” and “Trend” monitoring networks), ambient data from data providers
statewide, and data collected in support of the Total Maximum Daily Load (TMDL) Program.
There are tens of millions of data records maintained electronically and stored in the Florida
Storage and Retrieval (STORET) database. These data are used to identify impaired waters,
as well as for the development of numeric criteria and analysis of other water quality issues. In
addition to surface water data, several programs track ground water data, which are becoming
increasingly important to evaluate the many issues that affect ground water quality.

Overall, there are approximately 54,836 miles of rivers and streams, 49,128 miles of canals and
ditches, over 1,811,329 acres of lakes, reservoirs, and ponds, and more than 1,000 springs in
the state (Table 2.1). Additionally, there are thousands of wells that provide fresh water for
potable and irrigation uses. Monitoring and characterizing these waters is a tremendous
undertaking. The sheer extent of these waters requires several monitoring approaches (“tiers”)
to appropriately and adequately report water quality conditions. The first of these tiers is a big-
picture, statewide statistical estimate of condition. The second critical tier is to identify those
waterbodies and reaches that are impaired , thus requiring remediation. The next level of
assessment is to carry out site-specific, cause-and-effect monitoring. Each of these tiers plays
a critical role in a comprehensive report on water quality.

Statewide Status and Trend Monitoring Results for Surface and
Ground Water

The Status Monitoring Network uses an EPA-designed probabilistic monitoring network to
estimate with known confidence the water quality of 100% of the fresh waters in the state that
can be sampled. These waters include rivers, streams, lakes, and ground water resources.
Standard physical/chemical and biological metrics are collected, as applicable. The entire state
is assessed each year.

This report summarizes (in Chapter 6) the results of 2 statewide sampling events (cycles)
conducted in 2009 and 2010. Of note, the state’s surface and ground water resources are
predominantly in good condition based on the indicators assessed. This is the benefit of the
probabilistic approach, as it allows assessment of all ambient waters as opposed to focusing on
impaired reaches and lakes of the state. The results provide data indicating areas that may
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need further assessment, but also indicate areas that can be slated for protection rather than
remediation.

For instance, several resources had multiple indicators below 80% attainment. Results from the
streams resource indicated that fecal coliform and dissolved oxygen (DO) fall below 80%
attainment throughout the state. Of note, many state streams naturally exceed the applicable
DO and fecal coliform criteria. Results from large lakes indicate that the Trophic State Index
(TSI) results fall below 80% attainment. Differences in the percentages of attainment
throughout the state may result from different land uses, alterations of the resource, geology, or
other climatic conditions.

An analysis of data from the Trend Monitoring Network, which consists of 76 surface water
stations (e.g., rivers and streams) and 48 ground water wells located throughout Florida, did not
identify any general surface water trends (when present, they were indicator specific), but
identified some ground water trends that imply changes in water sources, water levels, or matrix
interactions. The ground water wells show increasing trends for saltwater encroachment
indicators (calcium, sodium, chloride, and potassium) and for rock-matrix indicators (calcium,
magnesium, potassium, and alkalinity) with an associated decreasing trend in pH. These
ground water results corroborate those presented in FDEP’s Florida Geological Survey Special
Bulletin No. 69 (Copeland et al. 2009) and are considered the primary concern for the state’s
ground waters.

Summary of Water Quality Standards Attainment for Assessed
Rivers/Streams, Lakes, Estuaries, Coastal Waters, and Beaches

For the determination of use support (described in detail in Chapter 8), FDEP assessed
14,454.2 miles of rivers and streams, 1,964.6 square miles of lakes, 5,473.1 square miles of
estuaries, 6,486.9 square miles of coastal waters, and 104.3 miles of beaches using the
methodology in the Impaired Surface Waters Rule (IWR) (Rule 62-303, Florida Administrative
Code [F.A.C.]) for the identification of impaired waters. The tables below list the assessment
results for the most frequently cited causes of impairment by waterbody type (rivers/streams,
lakes, estuaries, coastal waters, and beaches) and EPA reporting category.
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Assessment Results for the Most Frequent Causes of Impairment
by Waterbody Type and Assessment Category
Each of the 3 tables below has 11 columns. Column 1 lists the waterbody type assessed, Columns 2 through 10 list
the number of each waterbody type in each of the EPA reported categories, and Column 11 summarizes the total
number of waterbody segments in each of the reporting categories.

Notes: There are no waters in EPA Category 1 (attaining all designated uses) because FDEP does not sample for all uses.
Category 2 comprises waters attaining all the uses that are sampled for.

The EPA Integrated Report categories are as follows:

1—Attains all designated uses;

2—Attains some designated uses;

3a—No data and information are available to determine if any designated use is attained;

3b—Some data and information are available, but they are insufficient for determining if any designated use is attained;

3c—Meets Planning List criteria and is potentially impaired for one or more designated uses;

4a—Impaired for one or more designated uses and a TMDL has been completed;

4b—Impaired for one or more designated uses, but no TMDL is required because an existing or proposed pollutant control
mechanism provides reasonable assurance that the water will attain standards in the future;

4c—Impaired for one or more designated uses but no TMDL is required because the impairment is not caused by a
pollutant;

4d—No causative pollutant has been identified;

4e—Impaired, but recently completed or ongoing restoration activities should restore the designated uses of the waterbody;
and

5—Water quality standards are not attained and a TMDL is required.

- = Empty cell/no data

PATHOGENS
Waterbody Cat. Cat. Cat. Cat. Cat. Cat. Cat. Cat. Cat.

Type 2 3B 3C 4A 4B 4C 4D 4E 5 Total

Beach 170 12 9 - - - - - 77 268
Coastal 91 13 - - - - - - 19 123
Estuary 213 44 11 4 - - - - 154 426

Lake 291 537 11 - - - - - 11 850
Stream 398 726 80 23 - - - - 343 1,570

Total 1,163 1,332 111 27 0 0 0 0 604 3,237

NUTRIENTS
Waterbody Cat. Cat. Cat. Cat. Cat. Cat. Cat. Cat. Cat.

Type 2 3B 3C 4A 4B 4C 4D 4E B Total
Coastal 41 49 1 - - - - 1 1 93
Estuary 105 178 31 12 6 - - 1 111 444

Lake 214 744 52 22 - - 1 - 43 1,076
Stream 398 859 67 22 3 10 206 1,565

Total 758 1,830 151 56 6 0 4 12 361 3,178

MERCURY
Waterbody Cat. Cat. Cat. | Cat. Cat. Cat. Cat. Cat. Cat.

Type 2 3B 3C 4A 4B 4C 4D 4E B Total
Coastal - - - - - - - - 221 221
Estuary - 1 1 - - - - - 504 506

Lake 3 1 43 - - - - - 127 174
Stream 16 1 32 - - - - - 249 298

Total 19 3 76 0 0 0 0 0 1,101 1,199
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Ground Water Monitoring Results

Ground water, which provides more than 90% of Florida’s drinking water, is highly vulnerable to
contamination in much of the state. Generally, the overall quality of the evaluated potable
aquifers was good for the parameters that were evaluated by FDEP’s monitoring networks
(Table 10.1). However, a number of ground water issues will require continued attention.

Ground water contaminants of concern were evaluated using recent sampling data from private
wells and public water systems served by wells (in Chapter 10, Figure 10.1; Tables 10.2a and
10.2b). Contamination by arsenic and the pesticide dieldrin are the contaminants of greatest
concern based on recent private well sampling results. However, well contamination by nitrate
and volatile organic compounds continues to be an issue for private well users. Fewer
exceedances were detected in public water system samples, but data from a recent two-year
period showed that radionuclides (a natural condition), metals (mainly arsenic), and salinity (as
sodium) are the contaminants exceeding primary drinking water standards most often in
untreated water (but not the water that is delivered to customers, which meets standards).
Nitrate remains the greatest issue to surface waters that receive significant inputs of ground
water since it can cause excessive growth of algae and can impair clear-water systems,
particularly springs (Figure 10.2).

Conclusion

Since the passage of the CWA, FDEP has made tremendous progress statewide in identifying
and addressing surface and ground water contamination. However, much more work remains
to be done, especially in the face of Florida’s continued population growth.

In cooperation with other agencies and stakeholders, FDEP continues to implement numerous
programs and activities to continue its goal of protecting, managing, and restoring the state’s
surface water quality, aquatic habitats, and aquatic life, as well as potable water supplies (see
Chapter 11). It has also identified a number of issues of environmental interest and initiatives
(see Chapter 3), including the following:

e The development of numeric criteria to address the nutrient impairment of
surface waters caused by a variety of sources, including septic tanks, higher
fertilizer use, and the increased number of residential landscapes accompanying
the state’s growing population;

e The continued development and implementation of best management practices
(BMPs) to further reduce environmental effects from agricultural runoff;

e The continued monitoring and investigation of increased nitrate concentrations in
springs that can cause the overgrowth of aquatic plants—including blue-green
algae, which can produce toxins that affect humans and wildlife;

e Scientific studies to quantify the reductions needed to address the mercury
impairment of surface waters statewide;

e The creation of a multiagency, statewide working group to address increased
saltwater intrusion and encroachment into freshwater supplies;

e An ongoing study of the temporal variability of arsenic concentrations in selected
wells that tap the Floridan aquifer system;
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o The development of strategies for effectively addressing Emerging Substances
of Concern (ESOCs), which are man-made chemicals in many consumer goods
such as pharmaceuticals and personal care products that have been found in
water, soils, and the air;

e The revision of fecal coliform criteria and methods to assess human health
issues at beaches and shellfish-harvesting areas more rapidly and accurately;
and

e The revision of dissolved oxygen (DO) criteria to more clearly define “natural
conditions” and to better understand the natural variability of DO and nutrient
levels in freshwater aquatic systems statewide.
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CHAPTER 1: INTRODUCTION

Contents

o Chapter 1 provides background information on the
federal assessment and reporting requirements and
how they are integrated into Florida’s watershed

management approach.

o Chapter 2 contains background information on the
state’s population, surface water and ground water

resources, climate, and hydrogeology.

e Chapter 3 summarizes issues of environmental
interest and initiatives.

o Chapter 4 discusses Florida’s general approach to

monitoring surface water and ground water.

o Chapter 5 describes the statewide Status and Trend
Monitoring Networks. These surface and ground
water ambient monitoring programs allow estimates
of the percentage of waters statewide that meet or

do not meet water quality thresholds for their

designated uses, or track changes in water quality

over time.

e  Chapter 6 summarizes the results of the Status
Monitoring Network from 2009 through 2010, as well
as long-term trends in surface and ground water

quality.

e Chapter 7 describes the Strategic Monitoring design.
o Chapter 8 summarizes the significant surface water

quality findings for Strategic Monitoring and the
attainment of designated uses for rivers and
streams, lakes, estuaries, and coastal waters.

o Chapter 9 discusses the state’s ground water
monitoring programs.

o Chapter 10 presents significant ground water quality
findings, summarizes ground water contaminant
sources, and characterizes ground water—surface

water interactions. Evaluating ground water

resources is particularly important because 90% of
the state’s drinking water supplies come from ground

water.
o Chapter 11 describes Florida’s water resource

management program to monitor and protect surface

water resources.

e The Appendices provide background information and

supporting data.

1
Florida Department of Environmental Protection

Purpose

This report provides an overview
of Florida’s surface water and
ground water quality as of 2011.
Referred to as the Integrated
Report because it fulfills the
reporting requirements under
Sections 305(b) and 303(d) of
the federal Clean Water Act
(CWA), the report must be
submitted to the U.S.
Environmental Protection
Agency (EPA) every two years.

Federal Assessment
and Reporting
Requirements

Section 305(b) of the CWA
requires states and other
jurisdictions to submit biennial
water quality reports to the EPA.
These reports, referred to as
305(b) reports, describe surface
water and ground water quality
and trends, the extent to which
waters are attaining their
designated uses (such as
drinking water, recreation, and
shellfish harvesting), and major
impacts to surface water and
ground water. Under Section
303(d) of the CWA, states are
also required to identify waters
that are not attaining their
designated uses, submit to the
EPA a list of these impaired
waters (referred to as the 303[d]
list), and develop Total Maximum
Daily Loads (TMDLs) for them.
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A TMDL represents the maximum amount of a given pollutant that a waterbody can assimilate
and still meet its designated uses.

Water quality monitoring and data analysis are the foundation of water resource management
decisions. The EPA and its state partners have worked together to develop an integrated
305(b) and 303(d) assessment approach to address water quality monitoring strategies, data
quality and data quantity needs, and data interpretation methodologies. This 2012 Integrated
Report continues the consolidation and alignment of the 305(b) and 303(d) assessment and
reporting requirements. It also includes Section 314 reporting on the status and trends of
significant publicly owned lakes.

The Integrated Report allows states to document whether water quality standards are being
attained, documents the availability of data and information for each waterbody segment,
identifies trends in water quality conditions, and provides information to managers in setting
priorities for future actions to protect and restore the health of Florida’s aquatic resources. This
comprehensive approach to assessment enhances Florida’s ability to track important
programmatic and environmental goals of the CWA and, ideally, speeds up the pace of
achieving these goals.

Florida’s integrated approach to monitoring and assessment consists of three tiers: statewide
ambient monitoring networks for status and trends, strategic monitoring for verification of
impairment and identification of causative pollutants, and specialized, site-specific studies.

The Status Network component of the ambient monitoring program is a probabilistic
assessment that is used to develop statistical estimates of water quality across the entire state,
based on a stratified random sample design. The use of probability assessments produces an
unbiased picture of water quality conditions statewide and provides a cost-effective benchmark
of the success of Florida’s water quality programs. The results can also provide information on
whether it would be useful to target certain waters for further assessment, or if limited resources
for water quality assessment can be used more effectively in other ways. The Florida
Department of Environmental Protection (FDEP) also implements a Trend Monitoring Network
consisting of 76 surface water and 48 ground water stations. Trend analyses for surface and
ground water resources are used to examine changes in water quality over time. Florida’s
statewide Status and Trend monitoring networks enable FDEP to satisfy some of the reporting
requirements for Sections 106 and 305(b) of the CWA.

A variety of basin- and waterbody-specific assessments are conducted as part of the second tier
monitoring, or Strategic Monitoring. The primary focus of strategic monitoring is to collect
sufficient data to verify whether waters that have limited data indicating they are potentially
impaired are in fact impaired, and to the extent possible, determine the causative pollutant for
waters listed for dissolved oxygen (DO) or bioassessment failures. However, FDEP also
conducts other types of strategic monitoring to better evaluate specific water resources (springs,
for example).

Site-specific monitoring (the third tier) includes intensive surveys for TMDLs, monitoring for the
development of water quality standards and site-specific alternative criteria (SSAC), and fifth-
year inspections for permit renewals for facilities that discharge to surface waters. Special
monitoring programs are used to address other program-specific needs, such as monitoring to
develop predictive models, including the mercury TMDL being developed for Florida. Ground
water arsenic studies address natural vs. anthropogenic sources of arsenic in aquifers, and
restoration efforts are measured by project-specific studies.
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All readily available ambient water quality data, regardless of the monitoring tier, are considered
part of the 303(d) assessment for the determination of impaired waters, and each result is
placed into one of five assessment categories, based on available data. According to the EPA,
this approach allows the states to document the attainment of applicable water quality standards
and develop monitoring strategies that effectively respond to the needs identified in the
assessment, while ensuring that the attainment status of each water quality standard applicable
to a particular waterbody segment is addressed. The five broad categories are as follows:

e Category 1: All designated uses are supported; no use is threatened.

e Category 2: Available data and/or information indicate that some, but not all, of
the designated uses are supported.

e Category 3: There are insufficient available data and/or information to make a
use support determination.

e Category 4: Available data and/or information indicate that at least one
designated use is not being supported or is threatened, but a TMDL is not
needed.

e Category 5: Available data and/or information indicate that at least one
designated use is not being supported or is threatened, and a TMDL is needed.

In addition to using these broad categories, the EPA allows states to develop and use individual
subcategories to fit unique or specialized sets of circumstances. These subcategories (see
Chapter 7) must be consistent with the purpose of the more general category and be approved
by the EPA during its review of each state’s methodology for developing lists of impaired waters.

Integrating the Federal Requirements into Florida’s
Watershed Management Approach

For the 2012 Integrated Report, FDEP has continued to move towards a comprehensive
assessment by integrating the federal assessment and reporting requirements into its
watershed management approach. Federal requirements state that the following information
should be provided:

e The extent to which the water quality of the state’s waters provides for the
protection and propagation of a balanced population of shellfish, fish, and wildlife
and allows for recreational activities in and on the water;

o An estimate of the extent to which CWA control programs have improved or will
improve water quality, and recommendations for future actions;

e An estimate of the environmental, economic, and social costs and benefits
needed to achieve CWA objectives and an estimate of the date for such
achievements;

e A description of the nature and extent of nonpoint source pollution and
recommendations needed to control each category of nonpoint sources; and

o An assessment of the water quality of all publicly owned lakes, including lake
trends, pollution control measures, and publicly owned lakes with impaired uses.
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The 1999 Florida Watershed Restoration Act (FWRA) directed FDEP to implement a
comprehensive, integrated watershed approach for evaluating and managing cumulative
impacts to the state’s waters. The act clarified the TMDL Program and directed FDEP to
develop an assessment methodology that allows for the consideration of whether water quality
standards are being exceeded based on credible data, studies, and reports. Those waters
determined to not meet water quality standards should then be included on the state’s 303(d)
list of impaired waters, or those waters needing a TMDL, and the appropriate TMDLs should be
developed (see Chapter 11 for more information). These objectives are carried out through
coordination with the water management districts (WMDs), Florida Department of Agriculture
and Consumer Services (FDACS), Soil and Water Conservation Districts, environmental
groups, regulated parties, and local stakeholders during all phases of the TMDL process.

The implementation of the watershed management approach was initiated in 2000. Florida’s 52
basins were divided into 29 groups that are distributed among FDEP’s 6 districts. There are 5
basins each in the Northwest, Central, Southwest, South, and Southeast Districts, and 4 basins
in the Northeast District. One basin is assessed in each district every year. Using a rotating
basin management cycle, which ensures that each basin is assessed every 5 years, FDEP and
local stakeholders assess individual basins, identify impaired waters requiring the development
of TMDLs, and develop Basin Management Action Plans (BMAPs) (see Chapter 11 for more
information) and Reasonable Assurance Plans to restore water quality.

The assessment, consisting of multiple phases, has been completed in all of the state’s basins
(the Group 1-5 basins) twice. As part of its watershed management approach, FDEP
developed Verified Lists of impaired waters for the Group 1-5 basins in 2002, 2003, 2004, 2005,
and 2006, respectively. Cycle 2 of the rotating basin approach was initiated in 2007 with
Verified Lists of impaired waters for the Group 1, Group 2, Group 3, and Group 4 basins
completed through 2010. Assessments and list development for Group 5 were completed in
January 2012. As required by Subsection 403.067(4), Florida Statutes (F.S.), the lists are
adopted by Secretarial Order. The resulting Verified Lists of impaired waters and waters to be
delisted in those basins amend the 1998 303(d) list of impaired Florida waters maintained by the
EPA. FDEP intends to continue to submit annual amendments to its 303(d) list as part of the
watershed management approach.

The Status and Trend Monitoring results are a component of the CWA Section 106 monitoring
work plan for FDEP. The results of these monitoring programs are reported internally through
statewide assessments, published by the Watershed Monitoring Section (WMS) on FDEP’s
Watershed Monitoring website. In 2009, the monitoring shifted to an annual estimate of
condition. This report presents the results for 2009 and 2010 statewide monitoring.

An additional requirement for CWA Section 106 is the submittal of the FDEP monitoring
strategy, which addresses the suite of monitoring programs in this document, using the EPA’s
March 2003 Elements of a State Water Monitoring and Assessment Program guidance. As part
of the report, the design document for the FDEP Watershed Monitoring Program is updated as
any changes to the design of the monitoring program or strategy occur.

4
Florida Department of Environmental Protection


http://www.dep.state.fl.us/water/monitoring/index.htm
http://water.epa.gov/type/watersheds/monitoring/statemonitoring.cfm

2012 Integrated Water Quality Assessment for Florida, May 2012

CHAPTER 2: BACKGROUND
INFORMATION

Overview

Florida's 65,758 square miles support abundant, diverse natural resources (Statistical Abstract
of the United States 2010). Some of these resources—such as the Everglades—are found
nowhere else. Florida also contains the only coral reef in the continental United States. The
state has a total of 12,154 square miles of water, with 5,373 square miles of inland water area
(ranking third in the country in inland water area) and large supplies of fresh water in its
underground aquifers. Florida depends on water resources in many ways—for example, for its
$8.2 billion fishing and $62.7 billion tourism industries (Morris and Morris 2009; Visit Florida
2012).

The pressures of population growth, its accompanying development, and the 70 million tourist
visitors a year are impacting the state’s freshwater, ground water, and saltwater resources.
Although the state ranks 22" in the country in total area, it currently ranks 4" in population, and
that population continues to grow. Most Floridians live in coastal areas where less fresh water
is available, and about three-fourths of new Florida residents choose coastal locations for their
new homes. As development continues, different users vie for water resources. Major
challenges include maintaining overall water quality and supplies, protecting public health,
satisfying competing and rapidly increasing demands for finite quantities of fresh water,
minimizing damage to future water reserves, and ensuring healthy populations of fish and
wildlife.

Despite the fact that water is plentiful in many areas, water quantity and quality are critical
issues. In 1950, Florida’s population of 2.8 million used about 1.5 billion gallons per day (BGD)
of fresh ground water and surface water. In 2005, that number had risen to 6.9 BGD (Marella
2009), and consumption is projected to rise to 9.3 BGD by 2020 (Morris and Morris 2009).
Surface water and ground water quality has been impacted by industrial, residential, and
agricultural land uses in areas throughout the state. While many point sources of pollution such
as sewage treatment plant discharges have been eliminated, addressing pollutant loading from
widespread, diffuse nonpoint sources such as urban development and agriculture remains a
challenge.

This chapter provides background information about Florida’s population, water resources,
climate, and physical features. Table 2.1 summarizes basic information on the state and its
surface water resources.

5
Florida Department of Environmental Protection



2012 Integrated Water Quality Assessment for Florida, May 2012

Table 2.1. Florida Atlas
This is a two-column table. Column 1 lists individual statistics for the state, and Column 2 lists the numbers for
Florida associated with those statistics.

Statistic Number

2010 estimated population (U.S. Census Bureau) 18,801,310 people

Ranking by population among 50 states 4" largest

% change, 2000-10 +17.6%
Total surface area (as of 2008) 65,758 square miles

Ranking by total area among 50 states 22" in size

Land surface area 53,603 square miles

Ranking by land area among 50 states 26" in size

Total water area (as of 2008)

12,154 square miles

Inland water area (as of 2008)'

5,373 square miles

Ranking by inland water area among 50 states

3" largest

Coastal waters”

1,128 square miles

Territorial waters

5,653 square miles

Number of counties 67

Number of U.S. Geological Survey (USGS) hydrologic 52

units (i.e., watersheds with hydrologic unit codes, or HUCs)

Total number of rivers and streams More than 1,700

Total number of river and stream miles 54,836 miles

Total river miles bordering other states 238 miles

Chattahoochee River 26 miles
Perdido River 63 miles
St. Marys River 139 miles

Longest river (entirely in Florida)

St. Johns River (273 miles)

Largest discharge

Apalachicola River (average flow of
25,374 cubic feet per second [cfs])

Total number of ditch and canal miles

49,128 miles

Number of lakes, reservoirs, and ponds

12,288 (area greater than or equal to 10 acres)

Area of lakes, reservoirs, and ponds

1,811,329 acres

Area of largest lake

Lake Okeechobee (423,680 acres)

Area of freshwater and tidal wetlands

16,812 square miles

Prominent wetland systems

Everglades and Big Cypress Swamp, Green Swamp,
Okefenokee Swamp, Big Bend coastal marshes, St.
Johns River marshes

Number of islands greater than 10 acres

4,510 islands

Area of islands greater than 10 acres

840,727 acres

Total coastline (measurement of general outline)

1,350 statute miles

Total tidal shoreline (includes bays, sounds, etc.)

8,426 statute miles

Number of known springs

More than 1,000

Combined spring outflow

17, 017 cfs

Largest noncoastal spring

Silver Springs (average discharge of 851 cfs)

Largest coastal spring

Spring Creek Springs (average discharge
of 2,000 cfs)

Number of first-magnitude springs

(discharge greater than 100 cfs) 33
Number of state parks (as of 2009-10) 160
Total attendance at state parks, aquatic preserves, and 25,545,099

greenways and trails (2009-10)

"Inland water is defined as lakes, reservoirs, ponds and rivers, canals, estuaries, and bays from the point downstream at which they
are narrower than 1 nautical mile to the point upstream where they appear as a single line feature on the U.S. Census Bureau’s

TIGER file.

2 Coastal waters are within embayments separated from territorial waters by 1 to 24 nautical miles. They exclude territorial waters

(waters between the 3-mile limit and the shoreline).
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Population

According to the U.S. Census Bureau (2012a), Florida’s population in 2010 was 18,801,310.
Population growth has slowed during the current economic downturn, and is expected to reach
only 0.85% from 2011-14 (Florida Legislature Bureau of Economic and Demographic Research
2011). However, Florida is still projected to become the third most populated state sometime
before 2016, behind California and Texas. Within the next two decades, the state’s total
population is expected to increase by 9.9 million people (U.S. Census Bureau 2012b). Florida is
also expected to gain 1.8 million people through international migration between 1995 and
2025, the third largest net gain in the country (Campbell 1997).

As the baby-boom generation (those born between 1946 and 1964) reaches retirement age, the
number of residents aged 65 and over will accelerate rapidly in all states. In Florida, the
proportion of people over 65 was 17.42% as of 2009, and this number is projected to grow to
19.5% in 2015 (U.S. Census Bureau 2010a).

The state has a number of large, expanding population centers, including southeastern Florida
(Dade, Broward, and Palm Beach Counties), Jacksonville, Tampa—St. Petersburg, southwest
Florida (from Sarasota to Naples), and Orlando (Figure 2.1). In contrast, other relatively large
areas of Florida are sparsely populated.

Climate

The state’s climate ranges from a transitional zone between temperate and subtropical in the
north and northwest, to tropical in the Florida Keys. Summers are long, with periods of very
warm, humid air. Maximum temperatures average about 90°F, although temperatures of 100°F
or greater can occur in some areas. Winters are generally mild, except when cold fronts move
across the state. Frosts and freezes are possible, but typically, temperatures do not remain low
during the day, and cold weather usually lasts no more than two or three days at a time.

Rainfall across the state varies with location and season. On average, more than 60 inches per
year falls in the far northwest and southeast, while the Florida Keys receive about 40 inches
annually (Figure 2.2). The heaviest rainfall occurs in northwestern Florida and in a strip 10 to
15 miles inland along the southeast coast. Variability in rainfall, both spatially and temporally,
can contribute to local water shortages. Historically, Florida has had periods of high rainfall
along with periods of low rainfall (e.g., drought). Precipitation data are available for rain gauges
across the state for a period of record from 1895 to the present. Based on these data, 2006 and
2007 were the driest back-to-back calendar years Florida has experienced in 50 years
(Southeast Regional Climate Center [SERCC] 2011).

Except for the northwestern part of the state, most of Florida has a rainy season and a relatively
long dry season. In the peninsula, half of the average annual rainfall usually falls between June
and September. In northwestern Florida, a secondary rainy season occurs in late winter to early
spring. The lowest rainfall for most of the state occurs in fall (October and November) and
spring (April and May). The varying patterns of rainfall create differences in the timing of high
and low discharges from surface waters.
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Figure 2.1. Florida’'s Population Distribution, 2010
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Figure 2.2. Florida’'s Average Annual Rainfall, 1981-2010
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An approximate diagonal line drawn from the mouth of the St. Johns River at the Atlantic Ocean
to the boundary of Levy and Dixie Counties on the Gulf of Mexico depicts a climatic river basin
divide. North and northwest of the divide, streams have high discharges in spring and late
winter (March and April) and low discharges in the fall and early winter (October and
November). A second low-water period occurs from May to June. South of the climatic divide,
high stream discharges occur in September and October, and low discharges occur from May to
June.

Surface Water and Ground Water Resources

Even though Florida has many water sources, it is critical to the state’s well-being that both
water quality and quantity be protected. The state has 54,836 miles of streams and rivers and
49,128 miles of ditches and canals. It has more than 12,288 lakes greater than 10 acres in size,
with a total surface area of 1,811,329 acres. Florida also has 16,812 square miles of freshwater
and tidal wetlands, and a coastline ranking second in length only to Alaska. A line running from
the northeast corner of the state to Key West and back up to the northwest corner along the
Gulf Coast would extend 1,350 statute miles (U.S. Census Bureau 2010b). If the distance
around barrier islands and estuaries (tidal shoreline) were included, the line would stretch 8,426
statute miles (U.S. Census Bureau 2010b). Several sources of high-quality ground water
underlie virtually all of Florida. Ninety percent of the state’s population relies on these ground
water resources for their drinking water. Springs, another ground water resource, are very
prominent throughout the state.

Streams and Rivers

The state has more than 1,700 streams and rivers. Differences in climate, hydrogeology, and
location all affect their water quality. The longest river entirely in the state is the St. Johns,
which flows north as a recognizable stream about 273 miles from the St. Johns Marsh in
northern St. Lucie County, to its mouth at Jacksonville. The river drains a land area equal to
about one-sixth of Florida's surface. The Apalachicola River, in the Florida Panhandle, has the
largest discharge flow, averaging more than 25,374 cfs from 1977 to 1992. Its basin, draining
about 19,600 square miles within Alabama, Georgia, and Florida (Northwest Florida Water
Management District [NWFWMD] 2012), extends to north Georgia’s southern Appalachian
Mountains. In the Panhandle, spring discharges give rise to rivers, where the ground water
base flow comprises 80% of river flows.

The state has several types of natural river systems, including blackwater streams, spring runs,
and estuarine or tidal streams, and these systems can be perennial or intermittent. Most of
Florida’s rivers exhibit characteristics of more than one type of river system, either at different
places along their length or at different times of the year. The links between surface water and
ground water can also affect natural systems. For example, the Suwannee River, which
originates in the Okefenokee Swamp as a blackwater stream, becomes spring fed south of
Ellaville. During periods of high flow, it carries sand and sediments, behaving like a true alluvial
stream (sediment carrying). During low flow, however, the river's base flow comes from multiple
springs, including several first-magnitude springs. These variations in flow affect the
downstream stretches of the river and the receiving estuary. Ground water in the region has
elevated nitrate concentrations that can affect animals and plants downstream (Suwannee River
Water Management District 2010).

In north and northwest Florida, many rivers are alluvial. The Choctawhatchee, Apalachicola,
and Escambia Rivers best represent this type of river. Common features include a well-
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developed floodplain, levees, terraces, oxbows, and remnant channels (sloughs) that parallel
the active riverbed. Typically, because flows fluctuate more than with other types of rivers,
habitats are more diverse.

Florida contains many blackwater streams and rivers. Blackwater rivers usually have acidic,
highly colored, slowly moving waters containing few suspended sediments. These systems
typically drain acidic flatwoods or swamps. The upper Suwannee River and north New River
are examples of this type of river system.

Many major river systems that originate as springs are found in central and north Florida, the
Big Bend area of the Gulf Coast, and the southern portion of the Tallahassee Hills. Chemically,
these rivers are clear, alkaline, and well buffered. They have little temperature variation,
relatively constant flows, and little sediment. Their clear water encourages the growth of
submerged plants that provide habitat for diverse animal species. Many spring-fed rivers flow
directly into estuaries, and the constant temperatures offer protection from temperature
extremes to a number of species, including estuarine fish such as spotted seatrout and red
drum, as well as marine mammals, such as manatees.

Major dams have been built on the Apalachicola, Ocklawaha, Ochlockonee, Hillsborough, and
Withlacoochee (Citrus County) Rivers. The most extreme alterations were damming the
Ocklawaha to create the Cross-Florida Barge Canal and channelizing the Kissimmee River.

The hydrology of the southern third of Florida's peninsula has been significantly altered, and few
naturally flowing streams and rivers remain. Most fresh waterbodies in south Florida are canals.

Several efforts are under way to reverse some of the alterations, thus restoring natural flows
and function to waterbodies. Significant work on the Kissimmee River since the 1990s has
successfully restored flow in portions of the historical river channel, leading to improved habitat,
fisheries, and water quality. Additional information on the Kissimmee restoration is available on
the South Florida Water Management District Kissimmee River website.

Lakes

Florida's lakes provide important habitats for plant and animal species and are a valuable
recreational resource. The state has more than 12,288 lakes, which occupy approximately 4%
of its surface area. The largest, Lake Okeechobee (covering 423,680 acres), is the 9" largest
lake in surface area in the United States and the second largest freshwater lake wholly within
the conterminous United States (Fernald and Purdum 1998). Most of the state’s lakes are
shallow, averaging 7 to 20 feet deep, although many sinkhole lakes and parts of other lakes can
be much deeper.

Florida’s lakes are physically, chemically, and biologically diverse. Some lakes are spring fed;
others are seepage lakes fed by ground water, and still others are drainage lakes fed by surface
water sources. Most Florida lakes are seepage lakes—nearly 70% of the lakes in Florida have
no surface water streams flowing into or out of them (Palmer 1984). Florida lakes are classified
according to water pH, water color, and the ecoregion of the lake basin. FDEP identified 47
different lake regions as part of its Lake Bioassessment/Regionalization Initiative.

Within each lake region, the lakes have similar geology, soils, chemistry, hydrology, and
biology, and lakes in one region may differ significantly from those in another region. For
example, most lakes in the New Hope Ridge/Greenhead Slope lake region in northwestern
Florida (Washington, Bay, Calhoun, and Jackson Counties) have lower total nitrogen (TN),
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lower total phosphorus (TP), lower chlorophyll concentrations, and higher clarity compared with
other Florida lakes. In contrast, lakes in the Lakeland/Bone Valley Upland lake region in central
Florida (Polk and Hillsborough Counties) have higher TN, higher TP, higher chlorophyll
concentrations, and lower clarity. Additional information on Florida lake regions and the ecology
of Florida’s lakes is available from the LAKEWATCH website and the EPA Ecoregions of Florida
website.

Estuaries and Coastal Waters

With more than 8,400 coastal miles, Florida is second only to Alaska in amount of coastline.
The state’s west coast alone contains almost 22% of the Gulf Coast estuarine acreage in the
United States. Florida's estuaries are some of the nation's most diverse and productive. They
include embayments, low- and high-energy tidal salt marshes, lagoons or sounds behind barrier
islands, mangrove swamps, coral reefs, oyster bars, and tidal segments of large river mouths.
Florida has more Estuaries of National Significance (Tampa Bay, Sarasota Bay, Charlotte
Harbor, and Indian River Lagoon), designated by EPA, than any other state in the nation.

The Atlantic coast of Florida from the mouth of the St. Marys River to Biscayne Bay is a high-
energy shoreline bordered by long stretches of barrier islands, behind which lie highly saline
lagoons. This 350-mile stretch of coast contains only 18 river mouths and inlets. Biscayne Bay
spans the transition from high- to low-energy shorelines.

At the southern end of the state lie Florida Bay and the Ten Thousand Islands, both of which are
dominated by mangrove islands fronting expansive freshwater marshes on the mainland. Many
tidal creeks and natural passes connect the islands and marshes. Historically, the area’s fresh
water came mainly from sheet flow across the Everglades.

Florida's west coast has low relief, and the continental shelf extends seaward for many miles.
Unlike the east coast, numerous rivers, creeks, and springs contribute to estuarine habitats.
Generally, the west coast’s estuaries are well-mixed systems with broad variations in salinity.
They often lie behind low-energy barrier islands or at the mouths of rivers that discharge into
salt marshes or mangrove-fringed bays. The Big Bend coast from the Anclote Keys north to
Apalachee Bay is low-energy marsh shoreline. While it does not conform to the classical
definition of an estuary, its flora and fauna are typically estuarine. Many freshwater rivers and
streams feeding the shoreline here are either spring runs or receive significant quantities of
spring water. The Florida Panhandle from Apalachee Bay west to Pensacola Bay comprises
high-energy barrier islands, with sand beaches fronting the Gulf of Mexico.

Major coastal and estuarine habitats vary from northern to southern Florida. Salt marshes
dominate from Apalachicola Bay to Tampa Bay and from the Indian River Lagoon north to the
Georgia state line, while there are few salt marshes west of Apalachicola Bay. Mangrove
swamps dominate the southwestern Florida coast and are found along the southeastern coast.
There are about 6,000 coral reefs between the city of Stuart on the Atlantic Coast south and
west to the Dry Tortugas. Seagrasses are most abundant in the Big Bend region, from Tarpon
Springs to Charlotte Harbor, and from Florida Bay to Biscayne Bay (Hale et al. 2004).

Wetlands

Because of its low elevation and peninsular nature, Florida has many varied types of wetlands,
including estuarine Spartina and mangrove salt marshes, as well as freshwater sawgrass
marshes, cypress swamps, and floodplain marshes. Wetlands comprise almost one-third of the
state. The largest and most important are as follows:
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e The Everglades and the adjacent Big Cypress Swamp. Including the Water
Conservation Areas (diked portions of the original Everglades system) and
excluding the developed coastal ridge, this system extends from about 20 miles
south of Lake Okeechobee to Florida Bay.

e The Green Swamp in the state’s central plateau.
e The Big Bend coast from the St. Marks River to the (south) Withlacoochee River.

e Vast expanses of Spartina salt marsh between the Nassau and St. Mary’s
Rivers.

o The system of the St. Johns River marshes. Before alteration by humans, all but
the northernmost one-fifth of the river basin was an extensive freshwater system
of swamps, marshes and lakes (Kushlan 1990). Even today, half of the length of
the St. Johns River is actually marsh, and in many respects it functions like a
northern-flowing Everglades.

e The headwaters and floodplains of many rivers throughout the state, especially
the Apalachicola, Suwannee, St. Johns, Ocklawaha, Kissimmee, and Peace
Rivers.

In the past, many wetlands were drained for agriculture and urban development, and numerous
rivers were channelized for navigation. The modifications were most intense in south Florida,
where, beginning in the 1920s, canals and levees were built to control flooding and to drain
wetlands. These modifications resulted in the loss of much of the original Everglades wetlands
from Lake Okeechobee south. The Everglades restoration under way is intended to improve
water quality. There are preliminary successes; however, restoration is a long-term effort
involving many agencies working to revitalize the heavily altered system.

Aquifers and Springs

Florida lies atop aquifer systems that provide potable water to most of the state’s population.
Ground water naturally discharges into streams, lakes, wetlands, coastal waters, and springs.
Florida has more than 1,000 known springs (FDEP 2011), which discharge a total of about
17,017 cfs; the state may contain the largest concentration of freshwater springs on Earth. The
largest coastal spring by discharge is Spring Creek Springs, with an average discharge of 2,000
cfs; the largest noncoastal spring, Silver Springs, has an average discharge of 851 cfs. Florida
also contains 33 of the 78 first-magnitude springs (defined as springs that discharge on average
at least 100 cfs) in the United States (Figure 2.3). Several river systems in the state originate
as or are largely supported by spring discharges.

Archaeological evidence indicates that humans have been attracted to Florida’s life-giving
springs for thousands of years. Fourteen of Florida’s state parks named for springs attract
millions of visitors each year, and private spring attractions and parks are a multimillion-dollar
tourist industry.
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Hydrogeology
Surface Water

Most of Florida is relatively flat. At 345 feet, Britton Hill (near Lakewood, in Walton County) has
the highest elevation in the state (americasroof.com website 2010). The longest river, the St.
Johns on Florida’s east coast, only falls about a tenth of a foot per mile from the headwaters to
the mouth. Surface drainage and topographic relief are greatest in the streams and rivers
entering north and northwest Florida from Alabama and Georgia. Most of these streams are
alluvial, or sediment carrying. As the land flattens farther south, surface drainage becomes less
distinct, and the rivers and streams are typically slower moving, meandering, and nonalluvial.

Many of Florida’s rivers have their headwaters in wetlands. In its natural setting, the Green
Swamp in central Florida is the headwater for five major river systems: Withlacoochee (South),
Ocklawaha, Peace, Kissimmee, and Hillsborough. In north Florida, the Suwannee and St.
Marys Rivers originate in the Okefenokee Swamp. Throughout the state, smaller streams often
disappear into wetlands and later re-emerge as channeled flows.

Ground Water

Florida is in the Coastal Plain physiographic province, which is blanketed by surficial sands and
underlain by a thick sequence of bedded limestone and dolomite. Together the surficial sands,

limestone, and dolomites form enormous reservoirs that provide proportionally larger quantities
of ground water than is found in any other state.
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These sources of high-quality, potable ground water underlying virtually all of Florida supported
average withdrawals of more than 4,247 million gallons per day (MGD) in 2005 (Marella 2009).
This remarkable resource supplies more than 90% of the drinking water for more than 18 million
residents. In addition, ground water resources supply over 50% of all water needs, including
agricultural, industrial, mining, and electric power generation.

Florida primarily relies on the following four aquifer systems as drinking water sources:

e The Floridan aquifer system, one of the most productive sources of ground water
in the United States, extends beneath all of Florida, southern Georgia, and
adjoining parts of Alabama and South Carolina. Many public water systems—
including those of Jacksonville, Orlando, Clearwater, St. Petersburg, and
Tallahassee—tap into the Floridan. It is also a major supplier of water for
industrial, irrigation, and rural use. This aquifer provides 60% (4,124 MGD) of
Florida’s potable water supplies.

o Unnamed surficial and intermediate aquifers, which are present over much of the
state, are used when the deeper aquifers contain nonpotable water. They
supply water needs for about 10% of the population, especially in rural locations.
These aquifers provide 20% (1,375 MGD) of the state’s potable water supplies.

e In southeast Florida, the Biscayne aquifer supplies virtually all the water needs
for over 4 million residents in densely populated Dade, Broward, Palm Beach,
and Monroe Counties. This aquifer provides 18% (1,237 MGD) of Florida’s
potable water supplies. The EPA has designated the Biscayne aquifer as a sole
source drinking water aquifer.

o The sand and gravel aquifer, the major source of water supply in the western
part of the Florida Panhandle, provides 2% (137 MGD) of Florida’s potable
water.

Surface Water—Ground Water Interactions

Florida’s low relief, coupled with its geologic history, has created unique hydrogeologic features.
Large areas are characterized by karst topography, which forms when ground water dissolves
limestone. Landforms in these areas include streams that disappear underground, springs and
seeps where ground water rises to the surface, sinkholes, and caves. Surface water commonly
drains underground and later reappears, sometimes in a completely different surface water
basin from where it entered the ground. For example, drainage from a large karst area in
Marion County provides water for Silver Springs and Rainbow River, which discharges to the
Ocklawaha River and then to the St. Johns River and the Atlantic Ocean. Karst areas in
western Marion County provide water for Rainbow Springs, which discharges to the
Withlacoochee River and then to the Gulf of Mexico. The entire Suwannee River drainage
basin depends on ground water discharge via springs to support base flow to rivers.

Florida's porous and sandy soils, high average rainfall, and shallow water table promote close
and extensive interactions between ground water and surface water. By the same mechanisms,
surface waters recharge underlying aquifers. The fact that Florida contains more than one-third
of the first-magnitude springs in the United States is an indication of significant ground water
and surface water interchange in the extensive areas of the state dominated by karst terrain.
Most lakes and streams receive water from and discharge water to ground water. In general,
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ground water base flow can be 40% to 60% of the total stream flow, and in karst areas where
springs discharge, it can provide 70% to 80% of the flow to streams.

Although there are many surface water—ground water interactions, a hydrologic divide exists
that interrupts the movement of Florida’s water resources. The divide is represented by an
approximate line extending from near Cedar Key on the Gulf Coast to New Smyrna Beach on
the Atlantic Coast. Except for the St. Johns and Ocklawaha Rivers, little, if any, surface water
or ground water flows south across this barrier. Most major rivers north of the line receive part
of their discharges from outside Florida, in addition to rain. South of the divide, rain is the sole
fresh water source. Hydrologically, the half of Florida lying south of the divide is isolated. About
75% of the state’s population lives in this area in peninsular Florida.
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CHAPTER 3: ISSUES OF
ENVIRONMENTAL INTEREST AND
INITIATIVES

This chapter describes the major water quality issues of environmental interest and initiatives
being undertaken by the state. It is important to note that Florida has well-established
programs, including the permitting and TMDL programs, that address these issues, and that
Florida has made great progress in reducing pollutant discharges to state waters and restoring
impaired waters. Chapter 11 describes these programs in detail, as well as specific initiatives
designed to address emerging concerns. Specific examples of the progress that Florida has
made towards reducing nutrient pollution in the Indian River Lagoon, Lake Apopka, Sarasota
Bay, and Tampa Bay are available on the EPA’s Watershed Improvement Summaries website.

In addition to these programs and initiatives, FDEP has launched the Florida Water Resources
Monitoring Council (FWRMC), in order to facilitate discussion and communication among
monitoring stakeholders throughout the state. The council comprises federal, state, local, and
volunteer monitoring organizations, and is chaired by FDEP. It is implementing action items in a
plan developed by an earlier iteration of the FWRMC.

Until the advent of the FWRMC, there had been no single venue to determine whether entities
were monitoring the same waterbody, or at the same station. The group will undertake the
development of a statewide monitoring atlas to display the locations of monitoring stations and
the entities responsible for monitoring these sites. Metadata associated with the sites will be
made available via this platform to better facilitate the monitoring programs’ design and
specifics.

Other initiatives will include developing regional councils, establishing a salinity-monitoring
network based on existing monitoring stations, establishing better coordination and liaison
between freshwater and marine monitoring efforts, and providing a mechanism for data
providers throughout the state to offer input for developing a STORET-style data repository that
manages Florida’s monitoring data before they are submitted to the EPA’s Water Quality
Exchange (WQX) database.

Issues of Environmental Interest
Drinking Water

FDEP has the primary role of regulating public water systems in Florida, under Chapter 403,
Part IV, F.S., and by delegation of the federal program from the EPA. The section entitled
Overview of Ground Water Protection Programs in Chapter 11 describes FDEP’s ongoing
efforts to protect drinking water supplies.

A public water system (PWS) is one that provides water to 25 or more people for at least 60
days each year or serves 15 or more service connections. These public water systems may be
publicly or privately owned and operated. There are more than 5,500 PWSs in Florida serving
over 19 million residents. Community water systems regularly test for over 80 contaminants,
including bacteria, metals, organic and synthetic chemicals, and radiological parameters.
Florida’s compliance rate is one of the nation’s highest and ranges from 91% to 96% annually.
The contaminants of greatest occurrence and concern are total coliform bacteria and the
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disinfection byproducts of trihalomethane and haloacetic acid. Systems that do have a violation
of standards must inform the public and take corrective action to fix the problem, install
additional treatment, or modify their operations. Additional information is available on the FDEP
Drinking Water Program website.

The Florida Department of Health (FDOH) and the county health departments regulate very
small water systems that provide water for public consumption, but that do not fall under the
definition of public water systems. Additional information is available on the FDOH Bureau of
Water Programs website. The WMDs regulate the construction of water wells, both public and
private, and the quantities of water that may be extracted. The use of drinking water from
private wells is not regulated, but FDEP and FDOH have a program to monitor water quality
from private wells in areas where ground water contamination is suspected and to assist well
owners with water treatment or alternative drinking water sources.

Arsenic

Arsenic has been detected in ground water samples from potable water wells and monitoring
wells throughout Florida. Regions with high arsenic ground water exceedance levels include
the Springs Coast, Lower St. Johns, Ocklawaha, Suwannee, Withlacoochee, and Tampa Bay
Tributaries Basins. To date, samples from more than 1,400 private wells in Florida have been
found to exceed the 10 micrograms per liter (ug/L) drinking water standard for arsenic (Rule
62.550, F.A.C.). The largest numbers of arsenic-contaminated wells have been found in
Hernando, Dixie, Pasco, and Hillsborough Counties.

Arsenic in ground water may occur naturally, may be introduced as a contaminant, or may be
released from the geologic material into ground water because of human activities. Throughout
Florida, arsenic is a stable element often found in association with pyrite, a minor mineral found
in most of Florida’s aquifer systems. Also, a recent unpublished study suggests that arsenic
may occur in association with the mineral powellite, although much less is known about its
distribution in Florida rocks.

Potential anthropogenic arsenic sources include arsenic-based pesticides applied to cotton
fields and citrus groves; road, railroad, and power line rights-of-way; golf courses; and cattle-
dipping vats (which were reportedly used until the 1960s). As of 2012, the use of arsenical
pesticides is restricted only to cotton fields. However, residues from past use, when bound to
soil particles, do not readily dissipate. Higher numbers of reported exceedances may also be
an artifact of the change in the EPA arsenic standard for ground water, which was reduced from
50 to 10 pg/L in 2001, and was fully implemented in 2006.

Recent studies indicate human disturbance that introduces water or oxygen into arsenic-bearing
limestone can lead to the release of soluble arsenic from the rock matrix. Activities such as
mining, well drilling, Aquifer Storage and Recovery (ASR) projects (Arthur et al. 2002; Price and
Pichler 2006), or overpumping have all been shown to release previously stable arsenic into
ground water. In addition, drought can lower the water table, allowing oxygen to permeate and
leach arsenic compounds from sediments.

Nitrate

Contamination of wells by nitrate remains one of Florida’s most significant ground water quality
concerns. This occurs mainly in rural areas where the population is served by private wells and
where agriculture is the dominant land use. However, it can also be a problem in localized
settings where domestic onsite waste treatment and disposal systems (septic systems) are
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clustered. From 1999 to the present, more than 2,700 private drinking water wells have been
found to be contaminated by nitrate at concentrations greater than the 10 milligrams per liter
(mg/L) drinking water standard. Most of these have been found in areas where farming occurs
on well-drained sandy soils and the aquifer is vulnerable, but a smaller percentage have been
found in areas where septic tanks could have been the source.

The largest numbers of wells found contaminated by nitrate are in counties that lie within the
ridge citrus-growing region (Highlands, Polk, Lake, and Orange Counties). Soil in this area is
sandy, low in fertility, and tends to leach fertilizer, and the underlying ground water resource
used for water supply is highly vulnerable to contamination. Citrus growers need to fertilize
frequently and at higher rates, and private wells near the groves can become contaminated.
Other counties with extensive agriculture and similar soil and ground water conditions that have
led to a significant number of nitrate-contaminated wells include Hillsborough, Hardee,
Suwannee, and Jackson.

Ground water contamination by nitrate remains an ongoing problem and a challenge to water
resource managers. One effort to reduce fertilizer leaching into wells is the implementation of
agricultural best management practices (BMPs) by farmers. Another aspect that may be
reducing contamination is the land use transition from agricultural to residential, resulting in less
fertilizer use in some agricultural areas. Also, in some of these transitioning areas, public water
supplies have become available to homeowners who were previously on individual wells.
These factors may be partially responsible for the decrease in the number of wells found to be
contaminated in recent years.

Dieldrin

The insecticide dieldrin was widely used in Florida from the 1950s until 1974, when it was
banned by the EPA for all uses except termite control. Its use as a termiticide was banned in
1987. Until the 1974 ban, this pesticide was widely used for insect control for corn, cotton, and
citrus. In 2005, FDOH issued a new health advisory limit (HAL) of 0.002 pg/L for dieldrin in
drinking water. This new advisory limit is lower than the previous HAL that was used in Florida
by 2 orders of magnitude. There is currently no regulatory standard for dieldrin in drinking
water.

Despite dieldrin’s low mobility in the soll, it is very persistent and has found its way to ground
water throughout the state. Since the new HAL was issued, samples from more than 400
private wells have exceeded the Florida HAL. The counties with the largest number of private
well exceedances to date include Dade, Volusia, Jackson, and Lake Counties. The detections
of dieldrin in the ground water are not limited to agricultural areas because it was also widely
used for termite control beneath buildings in urban areas. The counties with the largest
numbers of detections all have sandy soils and vulnerable aquifer systems.

FDEP is currently working with FDOH and the Volusia County Health Department to determine
the source of dieldrin contamination in a large subdivision near the city of Deland. This
contaminated area, as of October 28, 2011, was found to have 113 residential wells with dieldrin
detections above the HAL. This is the largest cluster of dieldrin-impacted residential wells
identified in Florida to date. These sample results are relatively recent and are not part of the
ground water assessments provided in Chapter 10 of this report.
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Healthy Beaches Program

As part of Florida’s Healthy Beaches Program, which began in 1998, FDOH monitors the state’s
coastal beaches for elevated levels of bacteria. In August 2000, the beach water sampling
program was extended to all 34 of Florida's coastal counties through state legislation (Senate
Bill [SB] 1412 and House Bill 2145) and funding. With additional funding from the EPA in 2002,
the program was expanded to include weekly sampling for fecal coliform and enterococci
bacteria at 304 beach locations throughout Florida.

The program has undergone changes in 2011 to reflect the current budget situation. These
changes have led to a statewide baseline program that consists of biweekly sampling for
enterococci bacteria and the discontinuation of fecal coliform sampling. Also, year-round
sampling will continue only in 15 counties, which include Volusia County, those counties south
of Pasco County on the west coast, and those counties south of Brevard County on the east
coast. In the remaining counties, biweekly sampling will occur from March 1 through October
31. In addition, the geometric mean will no longer be used as a water quality indicator in this
monitoring program. If local funding is available, some counties may still sample weekly for
enterococci and maintain fecal coliform testing and the geometric mean as a standard.

In a healthy environment, an array of bacteria is normally found in the soil, on plants, on and in
ourselves, our pets and other animals, and in water. When concentrations of bacteria are too
high, they can present problems, or they can be an indicator of other organisms that can cause
problems to humans. Enterococci is one of the two bacteria types that normally inhabit the
intestinal tract of humans and animals, and is used as an indicator of fecal pollution.

The presence of elevated levels of these bacteria in water is an indication of possible pollution
that may come from stormwater runoff, pets, wildlife, or human sewage. While not necessarily
pathogenic, their presence in high concentrations in recreational waters indicates that
pathogens may be present. If waste pathogens are present and they are ingested while
swimming, or if they enter the skin through a cut or sore, the bacteria may cause illness. The
most commonly reported ailments are gastrointestinal distress and skin rashes. The rationale
for selecting enterococci for analysis and the implications of the sampling results are described
in more detail on the FDOH Florida Healthy Beaches Program website.

When a sample exceeds the single sample maximum of 104 colony-forming units per 100
milliliters of water (CFU/100mL) of enterococci, a resample to confirm the exceedance may be
taken immediately; upon confirmation of the exceedance a public health advisory will be issued.
If a resample is not collected, a public health advisory will be issued immediately. Local media
will be alerted and the public will be notified by way of the media, the Healthy Beaches Program
website, and signs posted at the particular beach under advisory.

Florida has a history of very good water quality at most beach locations. Only about 4% of all
samples collected for the Healthy Beaches Program return poor results. This is one of the
lowest rates in the nation. Of the 100,000 total beach days (every day that an individual beach
is open counts as a beach day) in 2011, only about 2,600 beach days included swimming
advisories.

The most recent sampling results and information on beach advisories are available on the
Healthy Beaches Program website. On the same website is a program overview with the
sampling history of the original counties included (1998-2000) and the counties that were
added.
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Deepwater Horizon (MC252) Oil Spill

On April 20, 2010, an explosion occurred onboard the Deepwater Horizon oil drilling rig off the
coast of Louisiana. The explosion was the result of a wellhead blowout that ultimately
discharged an estimated 4.9 million barrels of crude oil into the Gulf of Mexico by the time it was
finally capped on July 15, 2010.

Preimpact Sampling

Baseline water and sediment samples were collected by FDEP staff from the Division of
Environmental Assessment and Restoration (DEAR) and the Office of Coastal and Aquatic
Managed Areas (CAMA) starting in Escambia County on April 30, 2010, and concluding in
Nassau County on the east coast on July 15, 2010 (see the Florida State Emergency Response
Team [SERT] Natural Resource Damage Assessment website for sample locations). The data
collected during the baseline sampling were used later as part of the Natural Resource Damage
Assessment.

Postimpact Sampling

DEAR established routine beach water quality monitoring for polynuclear aromatic
hydrocarbons (PAHs) on June 1, 2010, for the seven westernmost Florida Gulf Coast counties.
Samples for a constituent of the Corexit oil dispersants commonly called DOSS
(Dioctylsulfosuccinate-NA) were also collected several times throughout the summer. This
monitoring was established to provide FDOH with data that it could compare with human health
screening levels for petroleum contaminants in order to make decisions regarding beach
advisories.

The sampling method used and the media sampled depended on the intended use of the
results:

e Routine Beach Water Quality Monitoring — Routine beach quality samples
were collected when there was no significant oil contamination in the water to
sample. These general water samples were collected weekly at wadable
depths. The purpose of this sampling was to monitor beach water quality by
county, even if significant oil contamination was not present.

e Targeted — Multiple samples of water or sediment, both affected and unaffected
by oil product, were collected in an attempt to characterize water and sediment
quality in areas where bathers could not reasonably expect to swim or walk
without coming into contact with the product. These data could be compared
against human health benchmarks to support beach advisory or closure
decisions.

o Dispersant — Dispersant sampling was performed in an attempt to detect or
semiquantify the concentration of dispersant in the water where oil
contamination has been observed. Samplers avoided getting actual oil product
in the dispersant sample. These data were used to support beach advisory or
closure decisions.

e Proximity Sampling — Water samples were collected at known distances from
oil (tarball, tarmat, sheen, mousse), and the distance was recorded. The
samplers intentionally avoided collecting the actual oil product in the water
sample. This sampling was performed when the oil contamination was sparse
enough that a bather might reasonably expect to swim in the water without
coming into contact with significant amounts of oil. These data were compared
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against human health benchmarks to support beach advisory or closure
decisions.

e Oil Characterization — Oil characterization samples were samples of actual oil
product (tarball, tarmat, sheen, mousse) used to determine the state of product
weathering or for source characterization (fingerprinting). These samples may
contain water or sediment/soil in addition to the oil, but the intent was not to
quantify the concentration of the oil in the media collected.

Deepwater Horizon oil first hit Florida’s shores on June 4, 2010. A total of 381 water samples
were collected from designated beaches within the seven westernmost Florida counties
between June 1 and September 9, 2010. Only 19 of these samples contained measurable
concentrations of PAHs (see EDEP’s Water Sampling Data website). While none of these
samples contained PAHs that exceeded the EPA’s May 20, 2010, proposed human health
benchmark values (see the EPA’s Human Health Benchmarks for Chemicals in Water ), they
did exceed the more conservative FDOH Human Health Screening Values, which were
established during the fall of 2010. Almost all of these detects occurred during a 2-week period
between June 22 and July 3, 2010, when a weather system and high waves brought large
amounts of oil onto Florida’s Panhandle beaches. Perdido Key and the beaches along Fort
Pickens National Park were particularly hard hit. Detectable concentrations of DOSS were
observed in only 2 of 23 samples with PAHs (also see FDEP’s Water Sampling Data website).

The lack of detectable concentrations of PAHSs in the oil spill-affected waters off Florida’s
western Panhandle beaches was attributed to the significant weathering of the oil during its
migration from the spill site off the coast of Louisiana to Florida’s waters. While some oil was
observed in the form of a sheen or mousse, the vast majority of oil reaching Florida’s waters
was in the form of tarballs or larger tar mats.

Due to the lack of detectable petroleum product in routine water samples from July 4 through
September 9, 2010, regular beach water monitoring was discontinued. Routine beach water
monitoring was resumed the week of February 7, 2011, from Escambia through Wakulla
County, in order to provide assurance to the public that Florida’'s beaches were safe for
recreational bathing prior to the spring break season. Water samples were collected and
analyzed for PAHs and two constituents of the Corexit dispersant, DOSS and DPBE
(dipropylene glycol butyl ether [DPBE]). This monitoring was continued until mid-August 2011.

A total of 1,147 samples were collected during this period (see FDEP’s Beach Health Results).
PAHs were detected in 7 out of 473 samples. However, those 7 samples contained trace levels
of naphthalene, which were attributed to sample contamination due to a similar number of hits
occurring in the field blank samples and the beach water samples. DOSS was detected in 7 out
of 386 samples. These were also attributed to field or laboratory contamination due to a similar
number of hits in the field blanks and in the beach water samples. DOSS was present in
relatively high concentrations in the absorbent paper used to cover the chemistry laboratory
bench tops. DPBE was not detected in any of the 288 samples analyzed.

Bacterial and Mercury Contamination

Assessment results for bacterial and mercury contamination indicate that several human health-
related designated uses are not always maintained in Florida’s surface waters. Specifically,
primary contact and recreation use support and shellfish harvesting use support are sometimes
limited by the presence of bacteria in the water column, and fish consumption use support is
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commonly limited by the presence of mercury in fish tissue for a number of species in many
waters across the state.

It is important to note, however, that these impairments are not based on documented impacts
on public health. Florida has extensive monitoring programs that issue beach advisories,
shellfish bed closures, and fish consumption advisories when ambient samples reach
predetermined thresholds. These thresholds are conservatively designed to protect public
health against the potential effects of exposure to bacteria (in water and shellfish) and mercury
(in fish tissue).

FDEP’s Mercury in Aquatic Ecosystems in Florida website provides information on the mercury
issue and links to other useful websites dealing with mercury. Information on the latest fish
consumption advisories is available on the FDOH Fish Consumption Advisories website.
Information on shellfish bed closures is available on the FDACS Shellfish Harvesting website.
Recent sampling results and information on beach closures are available on the FDOH Florida
Healthy Beaches Program website.

Harmful Algal Blooms

Florida closely tracks harmful algal blooms (HABs) in fresh waters as well as estuarine and
marine waters because of their potential health threat. As with all blooms, their increase in
biomass results from a combination of physical, chemical, and biological mechanisms that are
for the most part poorly understood. Most HABs are caused by either dinoflagellates or
cyanobacteria, but other classes of algae, including diatoms, may form HABs under proper but
unknown conditions (Glibert et al. 2005). HABs may produce toxins that can harm humans
through exposure to contaminated shellfish, fish, dermal contact, and even the inhalation of
aerosols. They can also affect plant and animal communities. Additional information on HABs
is available on the FDOH Aquatic Toxins Program website. Any illnesses caused by exposure
to harmful algae can be reported to FDOH'’s toll-free Aquatic Toxins Hotline (1-888-232-8635).

Freshwater HABs

The occurrence of cyanobacteria (or blue-green algae) blooms has received increased attention
in recent years because of their potential to produce toxins that can harm humans, livestock,
domestic animals, fish, and wildlife. While blooms of cyanobacteria can occur naturally, they
are frequently associated with elevated nutrient concentrations, slow-moving water, and warm
temperatures; however, significant blooms can occur almost any time of year due to Florida’s
subtropical climate.

Cyanotoxins are bioactive compounds naturally produced by some species of cyanobacteria
that can damage the liver (hepatotoxins), nervous system (neurotoxins), and skin
(dermatotoxins) of humans and other animals. Several cyanotoxins, namely microcystins and
the lyngbyatoxins, are potential tumor promoters. Three classes of cyanotoxins (anatoxin-a,
microcystin-LR, and cylindrospermopsin) are on the 2009 EPA Contaminant Candidate 3 List.
The EPA uses this list to prioritize research and criteria development.

Potentially toxigenic cyanobacteria have been found statewide in river and stream systems, as
well as lakes and estuaries. There are also concerns that freshwater cyanotoxins can be
transported into coastal systems. The results of the Cyanobacteria Survey Project (1999—
2001), managed by the Harmful Algal Bloom Task Force at the Florida Fish and Wildlife
Conservation Commission (FWC) Fish and Wildlife Research Institute (FWRI), indicated that the
taxa Microcystis aeruginosa, Anabaena spp., and Cylindrospermopsis raciborskii were the
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dominant species, while species with the genera Aphanizomenon, Planktothrix, Oscillatoria, and
Lyngbya were also observed statewide but not as frequently. Cyanotoxins (microcystins,
saxitoxin, cylindrospermopsins, and anatoxin) were also found statewide. Other cyanobacteria
of concern in Florida are reported in Abbott et al. (2009).

Measured concentrations of microcystins have been reported in some post-processed finished
water from drinking water facilities in Florida. Over a period of about 9 months, the 2000
Cyanobacteria Survey Project focused on water treatment plants that produced drinking water
from surface waters. On 6 occasions, microcystin levels (hepatotoxins) in finished samples
were above the World Health Organization’s (WHQO) suggested guideline level of 1 to 10 ug/L
for drinking water. However, this level has a safety factor of 1,000 and is based on long-term
exposure. Further, the sample deviation at these low concentrations raised the issue of quality
assurance, particularly considering the use of new analytical procedures and the lack of
laboratory certification. The results of a 2007 study by the FDEP Bureau of Laboratories
indicated that there is as much as an order of magnitude difference in reported values between
laboratories using different analytical methods.

Neither the EPA nor Florida has established any water quality standards for cyanotoxins, and
the WHO threshold is used as an indicator of potential adverse effects in potable drinking water.
There are no established limits for fish tissue concentrations or recreational exposure. The
FWC does not discourage people from eating fish from cyanobacteria bloom waters so long as
there is no ongoing or recent history of a fish kill and if fish are active and appear healthy on the
fishing line. FDOH recommends that people do not drink, recreate, or irrigate with water that is
experiencing a cyanobacteria bloom.

Research by the FDEP Bureau of Laboratories on Microcystis aeruginosa bloom samples from
Lake Munson in Leon County, Florida, indicates that even nontoxin-producing blooms can
contain strains of M. aeruginosa that possess the gene for toxin production. This suggests that,
for reasons yet unknown, nontoxin-producing blooms can become toxin-producing blooms
under the right environmental conditions. This finding supports the FDOH guidance to stay out
of bloom waters regardless of the toxin concentrations that may have been reported, as
conditions and toxin concentrations can change rapidly.

Several drinking water facilities in Florida monitor for cyanotoxins. Reports from the WHO and
other researchers around the world indicate that conventional treatment processes are effective
at eliminating the algae and the toxin, so long as treatment media (e.g., activated carbon) in the
systems are maintained. The taste, odor, and color associated with the bloom provide a clear
indication of its presence and initiate the use of additional treatment. While these treatment
techniques are used to control the taste, odor, and color of the water, they are also very
effective at removing or degrading the toxins.

FDOH, FDEP, and other state agencies have collaborated to create a new Cyanobacteria
Bloom Module in the FDOH Foodborne, Waterborne, and Vectorborne Disease Surveillance
System (FWVSS) database. The module allows each potential responding agency (e.g., FDOH
and local county health units, FDEP, FWC, the WMDs, and FDACS) to enter a new case
identification number for a cyanobacteria bloom. This system can send email notifications to the
cyanobacteria bloom contacts in each agency whenever a new bloom is reported or a significant
update is made to an existing case. The use of the new tool should help improve state
agencies’ response to cyanobacteria blooms.
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Estuarine and Marine HABS'

There are more than 50 marine and estuarine HAB species that occur in Florida with the
potential to affect public health, cause economic losses, affect living resources, disturb
ecosystems, and generate water quality problems. Any highly concentrated bloom can reduce
water quality because decomposing and respiring cells contribute to the reduction (hypoxia) or
absence of oxygen (anoxia), the production of nitrogenous byproducts, or the formation of toxic
sulfides. Declining water quality can lead to animal mortality or chronic diseases, species
avoidance of an area, and reduced feeding. Such sublethal, chronic effects on habitats can
have far-reaching impacts on animal and plant communities.

Within the Gulf of Mexico, the National Oceanic and Atmospheric Administration (NOAA)
Harmful Algal Bloom Operational Forecast System website provides information on the location,
extent, and potential for the development or movement of HABs. The Gulf of Mexico Alliance, a
partnership between Alabama, Florida, Louisiana, Mississippi, and Texas, is working to increase
regional collaboration to enhance the Gulf’'s ecological and economic health. Reducing the
effects of HABs is one of its water quality priorities.

Red Tide

While most blooms of the dinoflagellate Karenia brevis occur on the west coast of Florida, red
tides occasionally are entrained by the Gulf Stream and move to the east coast. Florida’s red
tides may contribute to significant economic losses, causing declines in fisheries and adversely
impacting businesses that depend on local tourism. Historically, K. brevis red tides producing
brevetoxins, which disrupt normal neurological processes, have caused the most significant
problems. Blooms of K. brevis have led to threats to the public from aerosolized toxins or to a
lesser extent from Neurotoxic Shellfish Poisoning (NSP), caused the deaths of thousands of
fish, and impacted marine mammails, turtles, and birds (Magafa et al. 2003). Fish kills caused
by K. brevis were first documented in 1844, but the cause was not identified until the 194647
red tide.

Although human shellfish poisonings have been known to occur in Florida since the 1880s, the
connection with filter-feeding shellfish, toxicity, and K. brevis red tides was not identified until the
1960s. Over the past 40 years in Florida, human cases of NSP have only occurred when
shellfish were harvested illegally from closed shellfish beds or unapproved areas, yet no human
fatalities have been recorded. People and marine mammals can experience respiratory
irritation and other pulmonary effects when brevetoxins become aerosolized.

FWC-FWRI monitors state waters for K. brevis blooms in cooperation with other state
regulatory agencies, such as FDACS, FDOH, and FDEP; a volunteer network of boaters,
charter boat captains, fishermen, citizens; and Mote Marine Laboratory (MML). All analyses
involve either on-site, onboard, or onshore laboratory testing. Results are posted weekly on the
FWC-FWRI website and include data from a variety of sources. A toll-free number (1-866—
300-9399) is also available to access current Florida red tide monitoring information.

To protect public health during bloom events, FDACS’ Division of Aquaculture closes shellfish
areas to harvesting when K. brevis cell counts are above 5,000 cells per liter. They are
reopened when test results provided by FWC-FWRI are acceptable. The FDACS Shellfish
Harvesting website lists current shellfish area closures. The protocol is in compliance with
Florida’s Marine Biotoxin Control Plan (FDACS 2007).

" Much of the information in this section was abstracted from Abbott et a/. 2009. Other sources are listed in the References
section at the end of this report.
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The Harmful Algal Bloom Integrated Observing System is a web-based tool developed by a
regional coalition of U.S. and Mexican federal and state agencies, as well as international
researchers, to collect and disseminate information on K. brevis.

The historical FWC—FWRI red tide database had a number of inconsistencies, including the
presence of data collected for different purposes (experiments vs. monitoring), different
sampling efforts over the years, and differences in collection and analysis techniques. Because
of these issues, the FWC contracted with biostatisticians at the University of Florida (UF) to
analyze the red tide data for long-term trends to determine what statistical conclusions could be
drawn. UF concluded that the nature of the data prevented any valid statistical interpretation
concerning trends and human influences on K. brevis blooms. A summary of the UF analysis is
available on the FWC-FWRI website.

K. brevis blooms are natural events that start offshore; however, there is an ongoing scientific
debate on whether land-based human influences affect the longevity and persistence of red
tides once they come close to shore. Current available data from the past 10 years suggest that
K. brevis blooms may utilize a multitude of nutrient sources, depending on along-shore and
offshore locations (Vargo et al. 2008). The data suggest that no single nutrient source
(including terrestrially derived nutrients) is sufficient to support these blooms, and while K.
brevis can utilize these nearshore sources. There is a salinity restriction on K. brevis survival,
which does not occur at salinity levels below 24 practical salinity units (psu), and argues against
a direct link to land-based sources of nutrients. While data linking nutrient loading with K. brevis
occurrence do not currently exist, the FWC’s FWRI is currently conducting research on this
issue.

Other HAB Species

One of the most important HAB species in Florida, other than K. brevis, is the saxitoxin-
producing dinoflagellate Pyrodinium bahamense. As a tropical species, it has seldom been
observed at bloom levels north of Tampa Bay on the west coast and the Indian River Lagoon on
the east coast, where the blooms are generally limited to May through October (Phlips et al.
2006). Pyrodinium can form intense blooms, which have been linked to the bioaccumulation of
the neurotoxin in shellfish and fish (Landsberg et al. 2006). While these blooms raise serious
concerns about impacts on the ecology of effected ecosystems and human health, the blooms
have been occurring naturally at levels toxic to nearshore Florida fishes and seabirds for 25
million years (Emslie et al. 1996).

In Florida, Pyrodinium is most prevalent in flow-restricted lagoons and bays with long water
residence times and salinities between 10 and 30 psu. The latter conditions competitively favor
Pyrodinium because of its slow growth rates and euryhaline character (Phlips et al. 2006).
Blooms also appear to be accentuated during periods of elevated rainfall and nutrient loads to
lagoons (Phlips et al. 2010a), suggesting a link between coastal eutrophication and the intensity
and frequency of blooms. However, discharges of naturally tannic waters from wetlands during
high rainfall events can also produce favorable conditions for this organism. These
observations also point to the potential role of future climate trends in defining the dynamics of
HAB species in Florida (Phlips et al. 2010a).

The other bloom-forming marine species that could have potentially harmful impacts in Florida
are roughly divided into two categories: toxin-producing species and taxa that form blooms
associated with other important problems, such as low oxygen concentrations, physical damage
to organisms, or general loss of habitat. Potential toxin-producing planktonic marine HAB
species include the diatom group Pseudo-nitzschia spp., the dinoflagellates Alexandrium
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monilatum, Takayama pulchella, Karenia mikimotoi, K. selliformis, Karlodinium veneficum,
Prorocentrum minimum, P. rhathymum, and Cochliodinium polykrikoides, and the
microflagellates Prymnesium spp., Chrysochromulina spp., and Chattonella sp. (Landsberg
2002). Many of these species are associated with fish or shellfish kills in various ecosystems
around the world (Landsberg 2002). Additionally, benthic cyanobacteria and macroalgae
blooms have been observed on Florida’s coral reefs and have been associated with mortality
and disease events involving various organisms (Lapointe et al. 2004; Paul et al. 2005;
Richardson et al. 2007).

Although many HAB species have been observed at bloom levels in Florida (Phlips et al.
2010b), considerable uncertainty remains over the relative toxicity of the specific strains.
Certain species of benthic microalgae also produce toxins that can impact human health, such
as the ciguatoxin-producing dinoflagellate Gamberdiscus toxicus, implicated in ciguatera
incidents in south Florida (Landsberg 2002).

In addition to ichthyotoxic HAB species that directly cause fish kills, the list of HAB species
linked to hypoxia or other density-related issues (e.g., allelopathy, physical damage to gills of
fish) is very long and includes almost any species that reaches exceptionally high biomass.
Examples include the widespread bloom-forming planktonic dinoflagellate Akashiwo sanguinea,
in the Indian River Lagoon and the St. Lucie Estuary, and the cyanobacterium Synechococcus
in Florida Bay (Phlips et al. 1999; Phlips et al. 2010b). Many fish kills, particularly those
occurring in the early morning hours, are due to low DO levels in the water associated with the
algal blooms and are not necessarily the result of toxins.

Another important issue associated with HABs is the loss or alteration of overall habitat quality.
Prolonged and intense coastal eutrophication can result in the domination by a select few
species, resulting in loss of diversity and alteration of food web structure and function. For
example, during major Pyrodinium blooms, 80% to 90% of total phytoplankton biomass is
attributable solely to this species (Phlips et al. 2006). Similar domination by a single species
occurs in benthic ecosystems, where massive blooms of green and red macroalgae have
periodically over-run some shallow habitats of the Florida coast (Lapointe and Bedford 2007).

The FWC responds to discolored water, fish kills, and other mortality or disease events to
determine whether the cause is environmental or human related. A statewide fish kill hotline
(1-800-636-0511) has been in operation for 17 years. The FWC fish kill database contains
information on fish kills and other aquatic animal health events in Florida reported to the FWC
from 1972 to the present. New fish kill reports can be submitted through the website.

Initiatives

FDEP has identified a variety of ongoing and emerging state concerns related to water quality
and is addressing these through the following special projects and initiatives:

e Nutrient Impairment. Significant progress has been made in reducing nutrient
loads to state waters (see Chapter 11, which summarizes TMDL and BMAP
activities that address nutrient loading to impaired waters and describes the
permitting programs that have reduced nutrient loading from point sources and
from new development). However, nutrient loading and changes in biological
communities continue to be an issue. While the occurrence of blue-green algae
is natural and has occurred throughout history, algal growth caused by human
sources (such as fertilizers and septic tanks) associated with a growing
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population and the resulting increase in residential landscapes) is an ongoing
concern.

The state has collected and assessed large amounts of data related to nutrients.
FDEP convened a Numeric Nutrient Criteria Technical Advisory Committee
(Nutrient TAC) that met 23 times beginning in 2003. FDEP began rulemaking
for the establishment of numeric nutrient criteria in lakes and streams in 2009,
but suspended its rulemaking efforts when the EPA signed a Settlement
Agreement that included a detailed schedule for the EPA to promulgate nutrient
criteria. FDEP provided its data to the EPA, which promulgated criteria in
November 2010, with a 15-month delayed implementation date. FDEP recently
(December 2011) completed its rulemaking process to establish numeric
nutrient criteria similar to the EPA’s, but with more specificity concerning
assessment and implementation. FDEP'’s rule also provides criteria for
approximately half of the state’s marine waters, with a schedule to finish the
remainder by 2015. The EPA is scheduled to propose numeric nutrient criteria
for south Florida canals and Florida's estuarine and coastal waters, as well as
additional flowing waters criteria designed to protect downstream estuaries
(termed “Downstream Protection Values”), in May 2012.

Additional information is available on the FDEP Numeric Nutrient Criteria
Development website. The University of Florida Institute of Food and
Agricultural Sciences (UF—IFAS) document, A Guide to EPA’s Proposed
Numeric Nutrient Water Quality Criteria for Florida, provides summary
information.

o Algal Growth in Springs. Water quality has declined in most springs since the
1970s; in particular, levels of nitrate (a nutrient) and blue-green algal growth in
springs are widespread. Recognizing the need to assess the status of blue-
green algae not just in springs but all waters, in 1998 the Florida Legislature
approved funding for the FWC’s Harmful Algal Bloom Task Force. This task
force was initiated to address potential concerns regarding microalgae—
including blue-green algae—through monitoring and investigation. The state
continues to monitor blue-green algae closely and is taking measures to reduce
nutrient loading and improve water quality. FDOH’s Aquatic Toxins Program, in
coordination with FDEP, has derived and implemented several tools to help
identify and assess blue-green algae blooms.

e Mercury in Fish Tissue. In many coastal and inland waters, excessive
concentrations of mercury in the tissue of some fish species limit the attainment
of the designated use of fish consumption. Mercury levels in fish are the leading
cause of water quality impairment in Florida’s lakes, coastal waters, and
estuaries, and the second leading cause of impairment in the state’s rivers.

To address this issue, FDEP initiated the development of a statewide TMDL for
mercury in fresh water and estuaries in 2008 that is scheduled to be completed
by September 2012. The project consists of gathering and assessing a complex
suite of data (on mercury emissions, deposition, and aquatic cycling
bioaccumulation) and conducting modeling to quantify the needed mercury
reductions in order to address mercury-related impairment in surface waters.

Elements of the proposed statewide mercury TMDL study include the following:
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0 Collecting comprehensive, highly temporally resolved measurements of wet
and dry mercury deposition at four locations, along with a suite of tracers that
may be used to link deposition with sources. These sampling areas are
referred to as “Supersites.”

o ldentifying all significant sources of mercury, whether fixed or mobile, in
Florida (an emissions inventory).

o Conducting atmospheric modeling (both dispersion and receptor models) to
quantify Florida mercury sources versus those sources outside Florida that
must be controlled to satisfy the TMDL.

o Developing an empirical, probabilistic aquatic-cycling model to predict
mercury levels in fish as a function of water quality parameters.

About one-third of the freshwater fish sampled in Florida exceed the EPA-
recommended methyl-mercury criterion (0.3 mg/kg) for human health. Currently
over 300 freshwater waterbodies in Florida have a consumption limit on
recreationally caught fish. Twenty species of freshwater fish are under some
level of advisory.

Marine and estuarine fish are of particular concern because they are
overwhelmingly the primary source of human exposure to methyl-mercury; the
consumption of these species accounts for more than 90% of Americans’ total
fish consumption. For the entire coast of Florida (Gulf and Atlantic), over 60
species of marine fish are under a limited consumption advisory due to mercury
in fish. In addition, the five states bordering the Gulf of Mexico (as well as
Florida’s entire Atlantic coast) have issued a “do not eat” advisory for king
mackerel, a marine species. The FDOH Fish Consumption Advisories website
contains the most up-to-date information for Florida.

The Gulf of Mexico is a very significant fishery, accounting in 2010 for 16% of
the nation’s marine commercial fish landings and 41% of the marine recreational
fish catch. Because mercury levels in a high proportion of fish in the Gulf
exceed the recommended EPA fish tissue criterion for safe consumption (0.3
mg/kg), this waterbody is a significant source of human exposure to methyl-
mercury. Currently, about 5% to10% women of childbearing age in the Gulf
region are overexposed to mercury from consuming contaminated fish.

The issue of elevated mercury levels in Gulf fish, however, should not be
addressed only by the five Gulf states. As with other pollutants such as
nutrients, 31 states in the Mississippi River Basin contribute mercury inputs to
the Gulf through surface water runoff, and 94% of U.S. Gulf waters are under
federal jurisdiction. The Gulf is a single waterbody with fish moving from one
state’s waters to another’s, with water currents moving mercury around the Gulf,
and with atmospheric emissions of mercury from one state being deposited in
other states’ waters; thus a Gulf-wide research and TMDL approach is needed.
Currently, FDEP is submitting grant applications to the EPA and NOAA for
funding for research to assist in developing a Gulf of Mexico mercury TMDL.

e Saltwater Encroachment. Investigations by FDEP’s Florida Geological Survey
(FGS) and the Watershed Monitoring Section (WMS) indicate that spring flow
and ground water levels in many parts of Florida are declining. As they decline,
there is a tendency for ground water supplies to be affected by saltwater
encroachment. Florida, which is surrounded by high-salinity marine waters, has
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a “lens” of fresh ground water that “floats” above saline ground water. The
overpumping of ground water can induce saline water upwelling and/or marine
water encroachment. Ground water usage is becoming a significant
environmental challenge, since the state needs plentiful water for drinking,
agricultural, and industrial use, and the maintenance of natural communities.

To examine ground water quality concerns, the FGS and WMS have proposed
the creation of a new multiagency working group to align local, state, and federal
monitoring efforts. Beginning in 2011, FDEP, along with other state agencies,
the WMDs, and the USGS, have been working towards the establishment of a
statewide “salinity” ground water monitoring network. The objective of the
proposed network will be to monitor saltwater encroachment.

e Arsenic in Ground Water. To address the issue of arsenic contamination in
ground water, FDEP’s Ground Water and Watershed Monitoring Sections, the
FGS, and the Southwest Florida Water Management District (SWFWMD) have
initiated two studies to answer the following questions:

o What are the concentrations of trace metals, with an emphasis on arsenic, in
each aquifer system in the study area?

o How do the concentrations vary over space and time by aquifer system?

o How are concentrations related to human-induced land use and water use
activities?

The first study, completed in early 2011, focused on characterizing natural and
anthropogenic sources of arsenic in ground water in the Tampa Bay region.
Forty-eight wells, tapping the surficial, intermediate, and Floridan aquifer
systems in a four-county area near Tampa Bay, were sampled for arsenic during
the wet and dry seasons of 2009.

The analysis evaluated the relationships and interactions among the lithology,
water levels, and land use in the area. Of the three factors, land use was found
to be the most significant; lithology was found to interact with land use. Study
results indicate that managers and policy makers will need to consider the
interrelationships between land use and lithology, which may be ultimately
understood from investigating geochemical processes.

The current study, which addresses the geochemical influences on the temporal
variability of arsenic in private wells, will be completed in late 2012. It is
designed to identify geochemical processes relating to the temporal variability of
arsenic concentrations in selected wells that tap the Floridan aquifer system.
Objectives include the following:

o Examining the temporal correlation between arsenic concentrations and
variables potentially contributing arsenic to ground water;

o Developing a better understanding of the relationship between the ground
water oxygen-reduction (redox) state and arsenic concentrations in ground
water; and

o Evaluating the relationship between solid-phase arsenic and its concentration
in ground water.

Monthly monitoring is being conducted at three monitoring wells and three
private supply wells at two locations in Florida. The results from the study will
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ultimately contribute to the overall understanding of the natural and
anthropogenic causes of arsenic mobilization.

« Emerging Substances of Concern (ESOCs). In December 2008, an FDEP
workgroup released a report on strategies to effectively address a wide variety of
potential contaminants in surface water and ground water. These contaminants,
which are commonly referred to as ESOCs, include global organic contaminants,
endocrine-modulating chemicals, nanopatrticles, and biological metabolites.
Recent improvements in laboratory analytical methods have enabled the
identification of these substances. ESOCs are particularly challenging for
regulatory agencies because of their sheer numbers (there are about 14 million
commercially available compounds in the United States) and because
environmental risk cannot currently be meaningfully assessed for the vast
majority of them.

The report identified several potential strategies for addressing ESOCs,
including the following:

o0 Preventing pollution through stakeholder education;

0 Assessing ESOCs data quality to better understand the magnitude of ESOCs
concentrations in the environment, given the incorrect reporting of ESOCs
levels by some key researchers;

0 Asking the EPA for specific ESOCs monitoring projects; and

o0 Improving coordination with federal agencies.

While the report describes all of the strategies, the workgroup concluded that
preventing ESOCs from entering the environment is the most effective control
strategy, and FDEP'’s initial efforts to address ESOCs have focused on public
education. Additional information and the workgroup report are available on the
FDEP Watershed Management website.

Analytes for the 2012 ground water monitoring network will include “tracers,”
which are elements that can be measured to determine the presence of
products found exclusively in human waste. These compounds, if found in a
sample, indicate that other contaminants including ESOCs may be present.

FDEP’s Watershed Monitoring Section is also looking into the possible addition
of some ESOCs that have been identified in Florida waters from federal studies.

o Ocean Acidification. In 2010, the EPA solicited comments on the topic of
ocean acidification with regard to impaired waters assessments and TMDLs. In
November 2010, the agency issued guidance to the states on how they should
work towards addressing this issue. In response to this guidance, FDEP
solicited information from researchers within the state in order to help
understand the status of this issue in Florida’s coastal waters. Florida has many
aquatic species that are sensitive to shifts in pH and site-specific studies in
Florida are needed. FDEP continues to monitor the progress of research being
done within the state but currently has no funded projects under way.

e Revision of Recreational Water Quality Criteria. Based on beach advisories,
shellfish bed closures, and ambient water quality monitoring data, concentrations
of indicator bacteria above water quality standards in the water column
sometimes limit primary contact and recreational use, as well as shellfish
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harvesting. However, these advisories or closures may not accurately identify
the true risk to human health due to the limitations of the criteria used to assess
these uses. Current methods for evaluating whether recreational and shellfish-
harvesting areas meet water quality criteria are based on the culture of fecal
indicator bacteria; these evaluations require 24 hours or more to perform and are
not source specific, making them impractical for short-term (same-day)
management decision making.

The EPA is currently in the process of revising its 1986 recreational water quality
criteria and recently proposed new criteria. The EPA has stated that the revised
criteria will continue to include its current culture-based fecal indicator bacteria
(e.g., E. coli and Enterococcus) but will also include a more rapid molecular
method (e.g., g-PCR general Enterococcus) for bathing beach monitoring;
however, this method has a number of disadvantages, as follows:

o It will still not be source specific;

o It will still not be rapid enough for beach managers to use for same day
beach notifications unless many new labs are established and sampling
strategies are developed to monitor a limited number of beaches per lab in
order to facilitate rapid turn-around-times for the analysis and dissemination
of results;

o It will result in even greater numbers of waters being listed as impaired with
no greater accuracy in predicting risk to human health;

o It will, at least in the short-term, be significantly more expensive than the
culture-based methods; and

o It will result in questionable gains in human health protection since the
general marker molecular methods are no better at discriminating bacteria
associated with anthropogenic sources of fecal matter from those that are
naturally present in the environment.

FDEP is exploring alternative molecular methods to better distinguish when
elevated fecal indicator levels are associated with actual fecal contamination,
and not environmental strains of bacteria that have no known association with
increased human health risk, in order to prioritize restoration efforts in areas with
the greatest probable risk to human health.

e Revision of DO Criteria. Florida’s freshwater DO criterion currently requires
that DO “shall not be less than 5.0 mg/L in Class | and lll fresh waters.
Ad(ditionally, normal daily and seasonal fluctuations above this level shall be
maintained” (Subsection 62-302.530[31], Florida Administrative Code [F.A.C.]).
Florida’s fresh waters are exposed to temperatures ranging from temperate to
tropical, and many originate in low-oxygen environments, such as swamps and
aquifers. These sources are naturally low in DO and have daily and seasonal
fluctuations where DO falls below 5.0 mg/L. Since these levels result from
natural conditions and native flora and fauna have adapted to this variability,
they generally do not impact a waterbody’s designated use. Furthermore,
Subsection 62-302.300(15), F.A.C., states that “the Department shall not strive
to abate natural conditions.”

To better understand the natural variability of DO in freshwater aquatic systems
around the state, FDEP conducted a major DO study in 2005—06.
Approximately 350 sites in 6 different waterbody types were monitored quarterly.
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Data were collected on water quality, water chemistry, and biology. The results
of the DO study confirmed that Florida’s existing 5.0 mg/L freshwater DO
criterion was not suitable for a large number of the state’s waterbodies. DO
concentrations in approximately 70% of the minimally disturbed streams and
52% of the minimally disturbed lakes sampled during the study would
inappropriately fail the existing criterion (with 10% of the diel measurements
falling below the criterion).

In 2010 and 2011, FDEP also assessed available DO data for Florida estuaries
and confirmed that, as was the case for fresh waters, many Florida estuaries
naturally do not attain the state’s marine DO criterion (“shall not average less
than 5.0 mg/L in a 24-hour period and shall never be less than 4.0 mg/L’).

Given that many state waters do not attain the criteria, in 2011, FDEP developed
draft revised DO criteria for both freshwater and marine waters, and prepared a
Technical Support Document, Derivation of Dissolved Oxygen Criteria to Protect
Aquatic Life in Florida’s Fresh and Marine Waters. The document was recently
peer reviewed, and FDEP plans to initiate rulemaking to revise the DO criteria in
2012. Revising Florida’s DO criteria will allow FDEP to determine when DO has
been altered below these natural conditions and focus its TMDL development
and restoration efforts on abating the causes of those alterations.
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CHAPTER 4: FLORIDA’S APPROACH
TO MONITORING SURFACE WATER AND
GROUND WATER

Background

FDEP‘s approach to comprehensive surface water monitoring is designed to meet the
monitoring-related requirements of the federal CWA, as well as Florida’s statutory and
regulatory monitoring requirements.? Broadly stated, these requirements are as follows:

e Determine water quality standards attainment and identify impaired waters;
e Identify the causes and sources of water quality impairments;

o Establish, review, and revise water quality standards;

o Support the implementation of water management programs;

e Establish special monitoring for unique resources; and

e Support the evaluation of program effectiveness.

FDEP continues to carry out extensive statewide monitoring in order to meet these federal and
state requirements. However, other governmental entities at federal, state, regional, and local
levels, as well as volunteer and private organizations, carry out monitoring. The bulk of the data
used in this report comes from approximately 79 data providers across the state who conduct
ambient monitoring of water chemistry, collect biological data, and sample sediments. In most
cases, these data are initially loaded into the FL(orida) STOrage and RETrieval (STORET)
database (FL STORET), and annually uploaded to the EPA national STORET database. FDEP
evaluates these data to establish whether they meet the quality assurance requirements of Rule
62-160, F.A.C., and whether the data can be used to determine the health of the state’s ambient
waters. Some qualifiers are placed on these data. For example, by law Florida LAKEWATCH
data can be used only for nonregulatory proceedings and cannot be used for regulatory or
enforcement activities. Chapter 5 provides additional details on these qualifiers.

Each governmental agency and volunteer or private organization has its own monitoring
objectives, strategy, design, and indicators, as well as procedures for quality assurance, data
management, data analysis and assessment, and reporting. Data derived by these

2 At the federal level, Section 305(b) of the 1972 CWA (Federal Water Pollution Control Act, 33 U.S. Code 1251-1375, as amended)
directs each state to (1) prepare and submit a report every two years that includes a description of the water quality of all of its
navigable surface waters to the EPA, and (2) analyze the extent to which navigable waters provide for the protection and
propagation of a balanced population of shellfish, fish, and wildlife. Section 303(d) of the CWA requires states to submit to the EPA
lists of surface waters that are impaired (i.e., that do not meet their designated uses, such as drinking water, recreation, and
shellfish harvesting, as defined by applicable water quality standards). TMDLs must be developed for each of these impaired
waters on a schedule. Also, Section 106 (e)(1) of the CWA directs the EPA to determine whether states meet the prerequisites for
monitoring their aquatic resources.

Monitoring is required under Florida law through a series of rules that govern FDEP’s regulatory activities. The 1997 Water Quality
Assurance Act (Section 403.063, F.S.) directs FDEP to establish and maintain a ground water quality monitoring network designed
to detect or predict contamination of the state’s ground water resources. In addition, Section 62-40.540, F.A.C., Florida’s Water
Policy, states that FDEP “. . . shall coordinate district, state agency, and local government water quality monitoring activities in order
to improve data quality and reduce costs.”
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organizations are beyond the scope of this report. The various federal, state, regional, and local
agencies and organizations, including FDEP, that carry out water quality monitoring statewide,
are as follows:

Federal Monitoring Agencies/Organizations

e Apalachicola National Estuarine Research Reserve
e Avon Park Air Force Range

e Charlotte Harbor National Estuary Program

e Eglin Air Force Base

e Guana Tolomato Matanzas National Estuarine Research Reserve
e Indian River Lagoon National Estuary Program

e National Oceanic and Atmospheric Administration

e Rookery Bay National Estuarine Research Reserve
e Sarasota Bay National Estuary Program

e Tampa Bay National Estuary Program

o U.S. Army Corps of Engineers

e U.S. Environmental Protection Agency

o U.S. Geological Survey

Out-of-State Monitoring Agencies/Organizations

o Georgia Department of Natural Resources

Florida Monitoring Agencies/Organizations

e Charlotte Harbor Aquatic/Buffer Preserves

e Estero Bay Aquatic Preserve

e Florida Department of Agriculture and Consumer Services
e Florida Department of Environmental Protection

e Florida Department of Health

e Florida Fish and Wildlife Conservation Commission

e Florida Marine Research Institute

Regional Monitoring Agencies/Organizations

e Choctawhatchee Basin Alliance
e [ oxahatchee River District
e Peace River Manasota Regional Water Authority (PBS&J)
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e Pensacola Bay Nutrient Study (Gulf Breeze)

o Northwest Florida Water Management District INWFWMD)

e South Florida Water Management District (SFWMD)

e Southwest Florida Water Management District (SWFWMD)

o Southwest Florida Water Management District (Coast Project)
o St. Johns River Water Management District (SURWMD)

o Suwannee River Water Management District (SRWMD)

Local Monitoring Agencies/Organizations

e Alachua County

e Bay County

e Broward County Environmental Monitoring Division
e Charlotte County Storm Water

e City of Cape Coral

o City of Jacksonville

o City of Lakeland

e City of Lynn Haven

e City of Key West

e City of Maitland

o City of Naples

e City of Orlando

e City of Panama City Beach

e City of Port St. Joe Project (Gulf Breeze)

o City of Port St. Joe Wastewater Treatment Plant
o City of Port St. Lucie

e City of Punta Gorda Utilities

o City of Sanibel

o City of Tallahassee

o City of Tampa

o City of West Palm Beach

e Collier County Pollution Control

e Dade County Environmental Resource Management

e East County Water Control District
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e Escambia County Utility Association

e Hillsborough County

e Lake County Water Resource Management

e Lee County Environmental Laboratories

o Lee County Hyacinth Control District

o Manatee County Environmental Management

o McGlynn Laboratories and Leon County

e Okaloosa County Environmental Council

e Orange County Environmental Protection Division

e Palm Beach County Environmental Resource Management
e Pinellas County Department of Environmental Management
e Polk County Natural Resources Division

e Reedy Creek Improvement District Environmental Services
e Sarasota County Environmental Services

o Seminole County Public Works Roads/Stormwater

o Seminole Improvement District

e St. Johns County

e Volusia County Environmental Health Lab

Volunteer/Private Monitoring Agencies/Organizations

e Baskerville Donovan, Inc.

e Baywatch

e Biological Research Associates

e Bream Fisherman's Association

e Conservancy of Southwest Florida

e Environmental Research and Design, Inc

e Florida Center for Community Design + Research
e Florida LAKEWATCH (identification of potentially impaired waters only)
e Gulf Power Company

o IMC Agrico/Phosphates

e Janicki Environmental

e The Nature Conservancy of the Florida Keys

e Palm Coast Community Service Corp.
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e Sanibel Captiva Conservation Foundation

e Southeast Environmental Research Center

Florida’s Integrated Water Resources Monitoring Program

As discussed earlier, water resource monitoring in Florida is conducted by FDEP, the WMDs,
local governments, and other entities. Over the past decade, FDEP has worked closely with
these monitoring entities to establish an Integrated Water Resources Monitoring (IWRM)
Program that integrates surface water and ground water monitoring. Since it is fiscally and
logistically prohibitive to sample every segment of river or stream, every acre of lake, or each
individual monitoring well in the state annually, the IWRM also integrates three tiers of
monitoring—statewide ambient monitoring networks that allow statistical inferences to be made
about all waters in the state (Tier 1); strategic monitoring for verification of impairment and
identification of causative pollutants (Tier 2); and specialized, site-specific monitoring (Tier 3)
(Tables 4.1a through 4.1d). These three tiers are composed of several core monitoring
programs in FDEP’s Division of Water Resource Management and Division of Environmental
Assessment and Restoration. These tiers are not to be viewed as a prioritization structure; they
simply reflect different categorical objectives.

The IWRM approach is consistent with the 2003 EPA guidance document, Elements of a State
Water Monitoring and Assessment Program. In 2009, FDEP prepared and submitted a report
on these elements for the different monitoring programs. The report, Elements of Florida’s
Water Monitoring and Assessment Program, addresses the following 10 elements:

Monitoring objectives;
Monitoring strategy;

Monitoring design;

Indicators;

Quality assurance;

Data management;

Data analysis and assessment;

Reporting;

© © N O 0 K~ O D~

Programmatic evaluation; and

10. General support and infrastructure planning.

This section broadly discusses Elements 1 (monitoring objectives), 2 (monitoring strategy), 5
(quality assurance), 6 (data management), 9 (programmatic evaluation), and 10 (general
support and infrastructure planning). The methodology and assessment sections of this report
address Elements 3 (monitoring design), 4 (indicators), 7 (data analysis and assessment), and 8
(reporting).
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Table 4.1a. FDEP's Tier | Monitoring Programs
This is a three-column table. Column 1 lists the program, Column 2 summarizes its activities, and Column 3 lists the
water resources addressed.

Program Summary Resources Addressed
Consists of a probabilistic monitoring design to Large lakes, small lakes, rivers,
Status . . . . ;
estimate water quality across the entire state based on streams, confined aquifers, and
Network . ) X
a representative subsample of water resource types. unconfined aquifers
Trend Cqmprlses a fl).(ed station deS|gn_ to examine changes Rivers, streams, confined aquifers, and
in water quality and flow over time throughout the . .
Network state unconfined aquifers

Table 4.1b. FDEP's Tier | and Tier Il Blended Monitoring Programs
This is a three-column table. Column 1 lists the program, Column 2 summarizes its activities, and Column 3 lists the
water resources addressed.

Program Summary Resources Addressed
Sorin Consists of a fixed station network of freshwater First-magnitude springs, second-
Mor?itor?n springs intended to enhance the understanding of magnitude springs, subaquatic
) 9 Florida’s springs, evaluate spring flow, and assess conduits, river rises, and coastal
rogram . . .
spring health. submarine springs

Table 4.1c. FDEP's Tier Il Monitoring Programs
This is a three-column table. Column 1 lists the program, Column 2 summarizes its activities, and Column 3 lists the
water resources addressed.

Program Summary Resources Addressed
Strategic Addresses questions in specific basins and stream All surface waters based on the

Monitoring segments that are associated with determinations of schedule in the watershed
Program waterbody impairment for the TMDL Program. management cycle

Table 4.1d. FDEP's Tier Ill Monitoring Programs
This is a three-column table. Column 1 lists each program, Column 2 summarizes its activities, and Column 3 lists
the water resources addressed.

Program Summary Resources Addressed
Intensive Provides detailed, time-limited investigations of the -
o - Specific surface water resources
Surveys for conditions of specific surface water resources that . o : .
: i . : identified as impaired
TMDLs are identified as impaired.

Water Quality
Standards
Development

Develops, evaluates, and revises new and existing
surface water quality standards. Carries out
monitoring to determine concentrations to protect
aquatic life and human health.

Surface water and ground water

Develops moderating provisions unique to a

Site-Specific | waterbody that does not meet particular water quality | Surface waterbodies to which particular
Alternative criteria, due to natural background conditions or ambient water quality criteria may not
Criteria human-induced conditions that cannot be controlled be applicable
or abated.
Fifth-Year Achieves and maintains compliance through sound Surface waters that receive point
Inspections environmental monitoring and permitting practices. source discharges
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Element 1: Monitoring Objectives

The goal of FDEP’s monitoring activities is to determine the overall quality of the state’s surface
and ground water, how they are changing over time, and the effectiveness of water resource
management, protection, and restoration programs. Monitoring activities collectively address
the following broad objectives:

e [dentify and document the condition of Florida’s water resources, spatially and
temporally, with a known certainty;

e Collect data on important chemical, physical, and biological parameters to
characterize waterbodies based on thresholds in Rule 62-302, F.A.C.;

e Collect data from impaired waters that will be used to evaluate changes over
time in response to restoration activities;

o FEstablish a database with known data quality objectives and quality assurance
for the purpose of determining a basin’s long-term ecological health and
establishing water quality standards; and

e Provide reliable data to managers, legislators, agencies, and the public, and aid
in management decision making.

Element 2. Monitoring Strategy

Under FDEP’s IWRM approach, there are three tiers of monitoring, ranging from the general to
the specific, designed to fill data gaps or support specific regulatory needs. Each of FDEP’s
core monitoring programs has a detailed monitoring design, a list of core and supplemental
water quality indicators, and specific procedures for quality assurance, data management, data
analysis and assessment, reporting, and programmatic evaluation. FDEP relies on both
chemical and biological sampling in its monitoring programs, and also conducts the bulk of the
biological sampling that is carried out statewide. Tables 4.1a through 4.1d briefly describe
FDEP’s approach and the water resources addressed for each FDEP monitoring program.

Based on the goals and objectives of each individual core monitoring program, sample locations
are selected, monitoring parameters and sampling frequencies are determined, and sample
collection and analysis are coordinated among FDEP’s six districts and cooperating federal,
state, and county agencies. This close coordination with other monitoring entities around the
state is essential to prevent duplication and to maximize the number of waterbodies that are
monitored on a regular basis.

FDEP’s three tiers of monitoring are as follows:

e Tier | consists of the statewide surface water and ground water Status and
Trend Networks. The Status Network employs a probabilistic monitoring design
to estimate water quality statewide, based on a representative subsample of
water resource types. The Trend Network uses a fixed station design to
examine changes in water quality over time at selected sites throughout the
state. The objective of these networks is to provide scientifically defensible
information on the important chemical, physical, and biological characteristics of
surface waters and major aquifer systems of Florida. Both networks are
designed to measure condition using a variety of threshold values, including
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water quality standards, water quality indices, and other appropriate ecological
indicators.

e Tier Il includes the Strategic Monitoring Program, which is designed to address
questions in specific basins and stream segments that are associated with
determinations of waterbody impairment for the TMDL Program. In addition, this
tier includes the Spring Monitoring Program, which encompasses all of the
extensive monitoring activities begun in 1999 to address the needs of Florida’s
freshwater spring systems.

e Tier Il addresses questions that are site-specific or regulatory in nature.
Examples of Tier Ill monitoring activities include monitoring to determine whether
moderating provisions such as site-specific alternative criteria (SSACs) should
apply to certain waters, monitoring tied to regulatory permits issued by FDEP,
monitoring to establish TMDLs (intensive surveys), and monitoring associated
with evaluating the effectiveness of BMPs. Tier Il also includes monitoring
activities for the development of water quality standards.

Element 5: Quality Assurance

Because water quality monitoring is carried out by many agencies and groups statewide, FDEP
has a centralized quality assurance (QA) program to ensure that data are properly and
consistently collected. A Quality Assurance Officer coordinates and oversees data quality
activities for each program. However, QA is the responsibility of everyone associated with
sampling, monitoring, and data analysis. In September 2009, FDEP’s Secretary approved a
program directive, DEP 972, which further outlines this distributed responsibility, including each
employee’s obligation to ensure that decisions are based upon defensible scientific information.
Additionally, in support of the QA directive (DEP 972), all organizational units are required to
update existing quality assurance manuals and plans describing internal QA procedures and
criteria applied to all scientific data generation, review and use. A comprehensive QA report will
be compiled from these manuals/plans and submitted to FDEP’s Secretary on an annual basis.

Training classes, which are conducted by FDEP staff, focus on program-specific sampling
requirements. Any updates or changes to an individual program’s monitoring protocols are
communicated through project management meetings, statewide meetings, and an Internet
website.

The accuracy of field measurements is assessed through internal FDEP programs. Staff also
monitor the on-site sampling environment, sampling equipment decontamination, sample
container cleaning, the suitability of sample preservatives and analyte-free water, and sample
transport and storage conditions, to control the impact that these activities may have on sample
integrity and representativeness.

For each monitoring program, field staff are instructed to follow a comprehensive set of FDEP
Standard Operating Procedures (SOPs) for sample collection and field testing (e.g., field meter
measurements). These are incorporated by reference in Rule 62-160, F.A.C., Quality
Assurance, and are specified in the FDEP document, Standard Operating Procedures for Field
Activities (DEP-SOP-001/01, March 31, 2008). Other mandatory quality assurance
requirements detailed in Rule 62-160, F.A.C., are also followed.
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Water quality samples are sent to FDEP’s Central Laboratory for analysis for the majority of
programs; however, some external and overflow laboratories are also used. FDEP laboratories
have SOPs for handling and analyzing samples; for reporting applicable precision, accuracy,
and method detection limits (MDLs); and for reporting data. Laboratory certification is
maintained as required by Section 62-160.300, F.A.C. The Quality Assurance Rule (Rule 62-
160, F.A.C.) (current effective date of December 3, 2008), requires all entities submitting data to
FDEP be certified by the National Environmental Laboratory Accreditation Conference (NELAC)
through FDOH. The certification process requires the laboratory to develop a comprehensive
quality manual for internal operations, analyze performance testing samples twice a year, and
undergo periodic systems audits conducted by FDOH inspectors. In addition, other mandatory
QA requirements specified in Rule 62-160, F.A.C., are followed. Contracted overflow labs are
held to identical QA requirements via detailed contract language.

The sampling and testing performance of field teams is evaluated by auditors from FDEP’s QA
program, which is administered by the Standards and Assessment Section. Staff from other
organizational units who have been trained as auditors also conduct these evaluations. The
criteria for field performance are those specified by Rule 62-160, F.A.C., the FDEP SOPs,
internal quality manuals or plans, and where applicable, contractual requirements.

The quality of laboratory data and its usability for specific applications is also evaluated by
auditors from FDEP’s QA program and other organizational units. The criteria for laboratory
data usability are those specified by Rule 62-160, F.A.C.; the FDOH certification rule, Rule 64E-
1, F.A.C.; the NELAC standards, which are incorporated by reference in Rule 64E-1, F.A.C;
data quality objectives specified in FDEP internal quality manuals or plans; other applicable
FDEP program rules; and, where applicable, contractual requirements. In addition, a document
describing the data evaluation process (Process for Assessing Data Usability, DEP-EA-001/07,
March 31, 2008) is incorporated by reference into Rule 62-160, F.A.C.

Various checklists have been developed to ensure the application of consistent and systematic
procedures for auditing field and laboratory data.

Element 6: Data Management

The smooth and timely flow of water quality data from sample collectors and analytical agencies
to data analysts is a high priority. FDEP’s Bureau of Assessment and Restoration Support and
Bureau of Watershed Restoration house or oversee the majority of the surface and ground
water resource monitoring programs described in this report. There are program-specific data
management requirements; however, these bureaus serve as the principal warehouses for
monitoring data. Assisted by cooperating federal, state, and county agencies, sample locations
are selected, monitoring parameters and frequencies determined, and sample collection and
analysis coordinated to meet data quality objectives.

Element 9: Program Evaluation

FDEP, in consultation with the EPA, reviews each monitoring program to determine how well
the program serves its water quality decision needs for all state waters. EPA and FDEP QA
audits are used in evaluating each program to determine how well each of the EPA’s
recommended elements is addressed and how to incorporate needed changes and additions
into future monitoring cycles. Additionally, DEP 972 (QA Directive) outlines FDEP’s distributed
responsibility for ensuring that FDEP programs and organizational units meet established data
quality objectives.

42
Florida Department of Environmental Protection



2012 Integrated Water Quality Assessment for Florida, May 2012

Element 10: General Support and Infrastructure Planning

The EPA’s general support and infrastructure planning element is encompassed by a number of
activities. FDEP’s Central Laboratory provides laboratory support for all the core monitoring
programs. Staff from all programs provide substantial support for planning and refining field
logistics, and also provide data management, review, analysis and reporting. The results are
often used to pursue and implement management actions to address areas of concern via
differing program mechanisms.

Evolving Approaches to Monitoring

Florida continues to develop new approaches to monitoring. FDEP has developed a number of
biological indices to characterize the condition of surface waters and has adopted these indices
for use in water resource assessments at all three tiers of monitoring. The following indicators
are currently used to measure the biological health of surface waters:

e The Stream Condition Index (SCI) is a carefully calibrated macroinvertebrate
index for use in flowing streams, and is used as a definitive measure of
biological health for impairment. Data generated on the species composition
and abundance of organisms in a stream are used to calculate 10 biological
metrics (e.g., sensitive taxa, filter feeders, clingers, very tolerant taxa,
Ephemeroptera and Trichoptera taxa). Points are assigned for each metric,
based on regionally calibrated criteria. The score at which the designated use of
the waterbody is being met (threshold) has been determined through analysis of
reference site data and a BioCondition Gradient exercise.

e The Linear Vegetation Survey (LVS) is a rapid assessment tool for evaluating
ecological condition in flowing waters based on vascular plants. To employ the
LVS method, a trained biologist surveys a 100-meter segment of a stream,
divides the stretch into 10-meter sampling units, and identifies the plant species
present to the typical high-water mark, including submersed, floating, and
emergent plants. FDEP uses the LVS to determine if the stream floral
community meets its designated use by a comparison with the reference
condition.

e The Rapid Periphyton Survey (RPS) is a rapid assessment tool for
demonstrating a lack of or abundance of nuisance or problematic algal growth in
streams. To conduct the RPS method, a trained biologist visits 99 points within
a 100-meter segment of a stream or river, and determines the presence and
thickness of algae at each point. If thick algae are abundant, the algae are
identified to determine if nuisance taxa are present. FDEP uses the RPS to
determine if the stream algal community meets its designated use by a
comparison with reference condition.

e The Lake Vegetation Index (LVI) is a multimetric index to evaluate plant
(macrophyte) community health in Florida lakes. Macrophyte species lists are
generated during a rapid visual field and transect survey and summarized in four
metrics. The score at which the designated use of the waterbody is being met
(threshold) has been determined through an analysis of reference site data and
a BioCondition Gradient exercise.

o A Wetland Condition Index, using vegetation, macroinvertebrates, and algae,
has been developed for some freshwater wetland systems (forested wetlands
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and depressional wetlands; a pilot study for strands and floodplains was
completed in 2005). This tool was used to refine FDEP’s rapid wetland
assessment methodology for permitting and mitigation, and is being used to
assess the effectiveness of wetland restoration projects and in other special
studies.
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CHAPTER 5: DESIGN FOR THE STATUS
AND TREND NETWORKS

Background

The 2002 EPA Integrated Report guidance on the requirements for water quality assessment,
listing, and reporting under Sections 303(d) and 305(b) of the CWA states that“. . . a
probabilistic monitoring design applied over large areas, such as a state or territory, is an
excellent approach to producing, with known confidence, a ‘snapshot’ or statistical
representation of the extent of waters that may or may not be impaired. A probabilistic
monitoring design can assist a state or territory in determining monitoring priorities and in
targeting monitoring activities” (Wayland 2001). Beginning in 2000, the FDEP Status Monitoring
Network (Status Network), based on this probabilistic design, provided an unbiased, cost-
effective subsampling of these resources. Florida adopted this approach so that the condition of
the state’s surface and ground water resources could be estimated with a known statistical
confidence. Data produced by the Status Network complement traditional CWA 305(b) and
303(d) reporting.

In addition, FDEP has designed a Trend Monitoring Network (Trend Network) to monitor
changes in water quality in rivers, streams, and aquifers (via wells) over time. To achieve this
goal, sites at fixed locations are sampled monthly or quarterly. The Trend Network
complements the Status Network by providing spatial and temporal information about resources
and potential changes from anthropogenic or natural influences, including extreme events (i.e.,
droughts and hurricanes).

The following resources are monitored in the Status and/or Trend Networks:

e Rivers, Streams, and Canals: Rivers, streams, and canals that are sampled
include linear waterbodies with perennial flow that are waters of the state
(Chapter 403, F.S.) or flow into waters of the state. For the Status Network,
canals were included only in the 2009 resource coverage.

e Lakes (Status Network Only): Lakes include natural bodies of standing water
and reservoirs that are waters of the state and are designated as lakes on the
USGS 24K National Hydrography Dataset (NHD). The lakes population does
not include many types of artificially created waterbodies, or streams/rivers
impounded for agricultural use or private water supply.

e Ground water (Confined and Unconfined Aquifers): The term ground water,
as used here, refers to those portions of Florida’s aquifers that have the potential
for supplying potable water or affecting the quality of currently potable water.
However, this does not include ground water that lies directly within or beneath a
permitted facility’s zone of discharge or water influenced by deep well injection
(Class | and Il wells).

Neither the Status Network nor the Trend Network is currently intended to monitor estuaries,
wetlands, or marine waters. Other sections within FDEP regulate and monitor these resources.
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Status Network Monitoring

Stratified, random sampling (probabilistic) networks, such as the Status Network, sample
predefined geographic subunits (zones) that together comprise the whole state. The resulting
data can address questions at statewide and regional (zonal) scales. The Status Network
divides the state into six zones (Figure 5.1).

Figure 5.1. Status Monitoring Network Reporting Units
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The Status Network uses the Generalized Random Tessellation Stratified (GRTS) sampling
design sampling design, supported by the EPA’s Aquatic Resource Monitoring approach, to
select sampling sites. Geographic stratification breaks the state into nonoverlapping areas
(zones), from which the sample sites are chosen from a target population (list frame) using a
spatially balanced site selection process. GRTS design ensures that the sites are
representative of the target resources and that their selection is not biased.

FDEP adjusted the GRTS sample design due to the unequal distribution of water resources.
For example, there are few lakes in the southern portion of the state, which is dominated by
wetlands and canals. Other factors, such as periods of drought or denials of access from large
landowners, can limit the list of possible sites to sample. Target resource lists are continually
updated based on field staff comments.

Water Resource Types

The parent populations for the Status Network are all statewide surface and ground waters.
The following water resources are the target populations:

o Surface Water—Florida’s surface waters are diverse and challenging to
categorize. Surface waters are divided into two groups: flowing (lotic) or still
(lentic). The lotic group consists of rivers, streams, springs, and canals. In
Florida, the lentic group consists of many types of natural lakes, including
sandhill lakes, sinkhole lakes, oxbow lakes, and established reservoirs. These
range in size from less than an acre to over 350,000 acres. Artificial
waterbodies, such as stormwater retention ponds, impoundments used for
agriculture, golf course ponds, or other man-made water features that are not
waters of the state, are common but are not part of the target population and are
removed from the resource list frame.

¢ Rivers, Streams, and Canals—Flowing surface waters that are waters of the
state are divided into rivers or streams based on size, as recommended by
FDEP and WMD staff. Rivers are initially identified, and the remaining,
smaller flowing surface waters are classified as streams. Rivers and streams
that are mostly or entirely channelized are deemed canals and are still
considered part of the target population in 2009, but excluded in 2010.
Segments of rivers and streams that are impounded are not included in this
resource.

e Large and Small Lakes—Lakes are subdivided into two populations: (1)
small lakes between 2.5 and 25 acres; and (2) large lakes over 25 acres. The
differentiation on the basis of size is intended to accommodate different
sampling strategies and allows a better representation of the resource types.
If all lakes were in one category, the size of large lakes would skew site
selection and cause small lakes to be under-represented.

o Ground Water—Ground water resources are subdivided into two target
populations for the purposes of sampling and resource characterization:
(1) unconfined aquifers, and (2) confined aquifers. Unconfined aquifers are near
the land surface and can be readily affected by human activities. The confined
aquifer target population includes aquifers that are below a confining unit.
Individual wells are selected annually from an updated list provided to the WMS
by various state and federal governmental agencies. The ground water target
population is chosen to represent ambient ground water conditions, including
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public supply wells but avoiding facility wells used for compliance. Compliance
wells are not intended to represent ambient aquifer conditions and are excluded
from the Status Monitoring Network.

Geographic Design and Site Selection

Location information for the state’s water resources resides in a Geographic Information System
(GIS) database. WMS staff use GIS data, with associated information (metadata), to select
sample sites. Florida’s 6 zones (Figure 5.1) facilitate the spatial distribution of sites throughout
the state. Annually, 10 random sites (primary sites) and a 9-time oversample (alternate sites),
for a total of 100 possible sites, are selected from each surface water resource type in each
zone, resulting in 600 potential sample sites statewide. Twenty primary sites and a 9-time
oversample, for a total of 200 possible sites, are selected annually from each ground water
resource type in each zone, resulting in 1,200 potential sample sites statewide. The alternate
sites are required due to the high probability of sampling problems, such as landowner denials
of access, dry resources, and other challenges associated with random versus fixed station
sampling designs.

Sampling and Frequency

The annual goal of the Status Network is to collect 10 samples from each surface water
resource type in each zone, for a total of 60 samples statewide and 20 samples from each
ground water resource type in each zone, for a total of 120 samples statewide. Figure 5.2
represents the sampling scheme used in 2009 and 2010. Each ground water resource type was
sampled over a 2-month period. The surface water resource types were sampled over a 1-
month period with a resample (revisit) performed in an opposing season. The results will be
used to determine how seasonality affects the results of these analyses.

Month Confined Aquifer | Unconfined Aquifer Streams Rivers Small Lakes Large Lakes

Jan 60

Feb 120
Mar

Apr 60
IMay 60
Jun 60

Jul R ¢ R,

Aug 120
sSep (| 0000000y 000y 0oy 000000

Oct B0
INov e Qe

loec B0
:|Primary Sampling Period Revisit Sampling Period

* Total does not include QA samples
--- Dashed line indicates current Contract Period Start/Finish

Figure 5.2. Status Network Sampling Periods for 2009 and 2010
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Status Network Core and Supplemental Indicators

While most water quality monitoring has historically focused on chemistry, FDEP’s Status and
Trend Networks expand this scope to include biological and physical indicators. Together, the
chemical, physical, and biological indicators provide scientific information about the condition of
the state’s water resources and whether they meet their designated uses based on state and
EPA guidance.

Core indicators provide information about the chemical, physical, and biological status of
surface and ground water, including suitability for human and aquatic uses. These data can be
used to gauge condition based on water quality standards or guidance. Supplemental
indicators provide additional information and aid in screening for potential pollutants of concern.
Certain biological indicators are collected only in rivers, streams, and lakes (i.e., chlorophyll a).
Appendix A discusses the surface water indicators for rivers, streams, and lakes.

These core and supplemental indicators are often chosen to support special projects or used to
develop water quality criteria. Some indicators are combined to form indices that evaluate
waterbody condition—for example, the Trophic State Index (TSI) uses TN, TP, and chlorophyll a
values to provide a broader understanding of a waterbody’s status. Selected indicators, such as
chloride, nitrate, and bacteria, serve to assess the suitability of ground water for drinking water
purposes. Likewise, the indicator lists for surface water resources are selected to detect threats
to water quality, such as nutrient enrichment, which can lead to eutrophication and habitat loss.
The Status Network has supported the development of biological indices to evaluate waterbody
condition in Florida, and includes sampling for both the Stream Condition Index (SCI) and the
Lake Vegetation Index (LVI).

In addition to the suite of water quality indicators (Tables 5.1a through 5.1f), sediment chemistry
is a useful supplemental indicator of an aquatic system’s ecological health (Tables 5.2a and
5.2b). Florida has developed geochemical- and biology-based tools to assess sediment quality.
The interpretation of sediment metals data is not straightforward because metals occur naturally
in Florida sediment. Thus, depending on the source region, Florida sediment metal
concentrations range between two orders of magnitude. FDEP uses the guidance outlined in
An Interpretative Tool for the Assessment of Metal Enrichment in Florida Freshwater Sediment
(Carvalho and Schropp et al. 2003), which estimates contamination through the use of a
statistical normalizing technique. Additionally, FDEP follows the guidance outlined in
Development and Evaluation of Numerical Sediment Quality Assessment Guidelines for Florida
Inland Waters (MacDonald et al. 2003), a biology-based tool that estimates the effects of
potentially toxic contaminants in lake sediments.
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Table 5.1a. Status Network Core and Supplemental Indicators for Field Measurements

Note: For Tables 5.1a through 5.1f, all samples are unfiltered unless stated. All methods, unless otherwise stated, are based on
EPA 600, Methods for Chemical Analysis of Water and Wastes.

This is a three-column table. Column 1 lists the indicator, Column 2 lists the analytical method numbers, and Column

3 lists the sampled resource(s).

Field Measurement Indicator

Analysis Method

Sampled Resource(s)

pH

Method 150.1

Lakes, Streams/Rivers, Aquifers

Temperature

Method 170.1

Lakes, Streams/Rivers, Aquifers

Specific Conductance

Method 120.1

Lakes, Streams/Rivers, Aquifers

Dissolved Oxygen (DO)

Method 360.1

Lakes, Streams/Rivers, Aquifers

Turbidity DEP-SOP-001/01 FT 1600 Aquifers
Secchi Depth Welch (1948); EPA 620/R-97/001 Lakes, Streams/Rivers
Total Depth Manual/electronic measuring device | Lakes, Streams/Rivers, Aquifers

Sample Depth

Manual/electronic measuring device

Lakes, Streams/Rivers

Micro Land Use

Sampling manual (01/11), Section 4

Aquifers

Depth to Water

Manual/electronic measuring device

Aquifers

Table 5.1b. Status Network Core and Supplemental Indicators for Biological and Microbiological
Indicators
This is a three-column table. Column 1 lists the indicator, Column 2 lists the analytical method numbers, and Column
3 lists the sampled resource(s).

' Dropped QPS from rivers and streams on July 22, 2009.
2 Adopted new criteria for performing SCI on May 1, 2010.

Biological/Microbiological Indicator Analysis Method Sampled Resource(s)
Chlorophyll a SM 10200 H (modified) Lakes, Streams/Rivers
Qualitative Periphyton (QPS)1 SOP AB03.1, SOP AB03 Streams/Rivers
Rapid Periphyton Survey (RPS) SOP FS 7130 Streams/Rivers
Biological Community (SCI)2 SM 10500 C (modified) Streams/Rivers
Habitat Assessment DEP-SOP-001/01 FT 3000 Streams/Rivers
Lake Vegetation Index (LVI) DEP-SOP-001/01 FS 7220 Lakes
Total Coliform SM 9222B Aquifers
Fecal Coliform SM 9222D Lakes, Streams/Rivers, Aquifers
Enterococci EPA 1600 Lakes, Streams/Rivers

Table 5.1c. Status Network Core and Supplemental Indicators for Organic and Nutrient Indicators

This is a three-column table. Column 1 lists the indicator, Column 2 lists the analytical method numbers, and Column
3 lists the sampled resource(s).

" Added TOC for aquifers on October 1, 2010.
Organic/Nutrient Indicator

Total Organic Carbon (TOC)
Nitrate + Nitrite

Analysis Method
SM 5310 B
Method 353.2

Sampled Resource(s)
Lakes, Streams/Rivers, Aquifers1
Lakes, Streams/Rivers, Aquifers

Ammonia Method 350.1 Lakes, Streams/Rivers, Aquifers
Total Kjeldahl Nitrogen (TKN) Method 351.2 Lakes, Streams/Rivers, Aquifers
Phosphorus Method 365.1/365.4 Lakes, Streams/Rivers, Aquifers
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Table 5.1d. Status Network Core and Supplemental Indicators for Major lon Indicators

This is a three-column table. Column 1 lists the indicator, Column 2 lists the analytical method numbers, and Column
3 lists the sampled resource(s).

Major lon Indicator Analysis Method Sampled Resource(s)
Chloride Method 300 Lakes, Streams/Rivers, Aquifers
Sulfate Method 300 Lakes, Streams/Rivers, Aquifers
Fluoride SM 4500 F-C Lakes, Streams/Rivers, Aquifers
Calcium Method 200.7/200.8 Lakes, Streams/Rivers, Aquifers

Magnesium Method 200.7/200.8 Lakes, Streams/Rivers, Aquifers
Potassium Method 200.7/200.8 Lakes, Streams/Rivers, Aquifers
Sodium Method 200.7/200.8 Lakes, Streams/Rivers, Aquifers

Table 5.1e. Status Network Core and Supplemental Indicators for Metal Indicators

This is a three-column table. Column 1 lists the indicator, Column 2 lists the analytical method numbers, and Column
3 lists the sampled resource(s).

Metal Indicator Analysis Method Sampled Resource(s)
Aluminum, Arsenic, Cadmium,
Chromium, Copper, Iron, Lead, Method 200.7/200.8 Aquifers
Manganese, Zinc

Table 5.1f. Status Network Core and Supplemental Indicators for Physical Property Indicators
This is a three-column table. Column 1 lists the indicator, Column 2 lists the analytical method numbers, and Column
3 lists the sampled resource(s).

' True color replaced apparent color for laboratory analysis on January 1, 2010.

Physical Property Indicator Analysis Method Sampled Resource(s)
Alkalinity SM 2320 B Lakes, Streams/Rivers, Aquifers
Turbidity (Lab) Method 180.1 Lakes, Streams/Rivers, Aquifers
Specific Conductance (Lab) Method 120.1 Lakes, Streams/Rivers, Aquifers
Color’ SM 2120 B Lakes, Streams/Rivers, Aquifers

Total Suspended Solids SM 2540 D Lakes, Streams/Rivers
Total Dissolved Solids SM 2540 C Lakes, Streams/Rivers, Aquifers

Table 5.2a. Status Network Organic and Nutrient Indicators for Sediment Analysis in Lakes
This is a two-column table. Column 1 lists the indicators and Column 2 lists the analytical method numbers.

Note: For Tables 5.2a through 5.2b, all methods, unless otherwise stated, are based on EPA 600, Methods for Chemical Analysis
of Water and Wastes.

Sediment Organic/Nutrient Indicator Analysis Method
TOC In-house based on 415.1
TP Method 365.4
TKN Method 351.2
Sulfate Method 300 (modified)
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Table 5.2b. Status Network Metal Indicators for Sediment Analysis in Lakes
This is a two-column table. Column 1 lists the indicators and Column 2 lists the analytical method numbers.

Sediment Metal Indicator Analysis Method
Aluminum, Arsenic, Cadmium, Chromium,
Copper, Iron, Lead, Nickel, Silver, Zinc Method 6010B/6020
DEP-SOP-001/01 Hg-008-3

(based on EPA 7471)
SOP Hg-003-2 (based on EPA
1630)

Mercury

Methyl Mercury

Status Monitoring Network Design Changes

Starting in 2009, the Status Network was changed to an annual assessment of statewide water
resource condition (a strategy described in the 2009—-11 Monitoring Design Document). A long-
term benefit of the annual approach for both surface and ground water is the ability to examine
trends in water quality over time. The annual probability approach, coupled with the existing
Trend Network monthly sampling (discussed in the next section), will provide a more
comprehensive picture of changes in water quality. The Status Network design has been
changed in scope but is still based on collecting a statistically valid number of samples for all
resources to make an annual estimate of the condition of the state’s water resources.

For this assessment, the state is divided into 6 zones or reporting units (Figure 5.1). As
previously stated, the design is based on 4 surface water resources (rivers, streams, large
lakes, and small lakes) and 2 ground water resources (confined and unconfined aquifers). Sixty
sites for each surface water resource type are distributed throughout the state (10 in each of the
6 zones), and 120 sites for each ground water resource type are distributed throughout the state
(20 in each zone). Overall, fewer samples will be collected to make the statewide estimate;
however, statewide condition will be assessed and can be reported on annually, rather than
every 5 years. Based on these sample sizes, the 95% confidence interval for the estimate of
statewide condition is +12% for surface water and + 9% for ground water.

Another significant design change during 2009-10 is that surface water samples were collected
twice a year at each site. This addresses questions about whether surface waters may be
influenced by seasonality and changes due to rainfall or drought events. The results from these
two events will be evaluated to determine if the response compared with the thresholds is
significant enough to warrant the second sample. In contrast to surface water, previous ground
water studies indicated minimal seasonal trends in water quality, and no repeat samples were
collected for ground water resources.

Future Design and Reporting

The 2011 statewide annual assessment and revisit analyses from the Status Network will be
included in the 2014 Integrated Report. The results from both the Status and Trend Networks
will continue to provide data on chemical, physical, and biological indicators to managers, other
programs, and data users to complement their programs. Revisions to the design are
anticipated as agency or other program needs change, and will be reported through the
modification of the Monitoring Design Document submitted to the EPA.
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Trend Network

The Trend Network is designed to determine if selected water quality indicators (Tables 5.3a
through 5.3f) are changing over time in the state’s major rivers and aquifers at fixed locations.
To complete a statistically valid trend analysis, any periodicity implicit in the data must be
identified by collecting a sufficient number of samples at regular intervals. For example,
variability in data over seasons (e.g., seasonality) has been shown for many surface water
analytes; therefore, an effort is made to collect at least one sample in each season, four per
year at a minimum. However, surface waters are much more likely to be influenced by seasonal
changes than ground water, and therefore surface water trend sampling is conducted more
frequently.

Trend Network data provide a temporal reference on a regional scale for the Status Network.
To facilitate the comparison of Trend Network results with those of the Status Network, FDEP
separates the Trend Network into surface water (rivers and streams) and ground water
(confined and unconfined aquifers) resources.

Table 5.3a. Trend Network Field Measurement Indicators

Note: For Tables 5.3a through 5.3f, all methods, unless otherwise stated, are based on EPA 600, Methods for Chemical Analysis
of Water and Wastes.

This is a four-column table. Column 1 lists the indicator, Column 2 lists the analytical method number, Column 3 lists
the sampling regime for surface waters, and Column 4 lists the sampling regime for ground waters.

! Completed once a year per site.
X = Other sample or measurement
N/A = Not applicable

Field Measurement Indicator Analysis Method Surface Water | Ground Water

pH Method 150.1 X X
Temperature Method 170.1 X X
Specific Conductance/Salinity Method 120.1 X X
DO Method 360.1 X X
Turbidity DEP-SOP-001/01 FT 1600 N/A X

Secchi Depth Welch (1948); EPA 620/R-97/001 X N/A
Total Depth Manual/electronic measuring device X X

Sample Depth Manual/electronic measuring device X N/A
Micro Land Use Sampling manual (01/11), Section 4 N/A X'
Depth to Water Manual/electronic measuring device N/A X
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Table 5.3b. Trend Network Biological and Microbiological Indicators

This is a four-column table. Column 1 lists the indicator, Column 2 lists the analytical method number, Column 3 lists
the sampling regime for surface waters, and Column 4 lists the sampling regime for ground waters.

' Dropped the Qualitative Periphyton Survey (QPS) from rivers and streams on July 22, 2009.

2 Collected once a year per site.
% Collected twice a year per site.

4 Adopted new criteria for performing the SCI on May 1, 2010.

T = Total sample (unfiltered sample)
X = Other sample or measurement
N/A = Not applicable

Biological/Microbiological Indicator Analysis Method Surface Water | Ground Water

Chlorophyll a SM 10200 H (modified) T N/A
QPSs’ SOP AB03.1, SOP AB03 X? N/A
RPS SOP FS 7130 x® N/A
Biological Community (SCI)4 SM 10500 C (modified) X2 N/A
Habitat Assessment DEP-SOP-001/01 FT 3000 x> N/A

Total Coliform SM 9222B N/A T

Fecal Coliform SM 9222D T T
Enterococci EPA 1600 T N/A

Table 5.3c. Trend Network Organic and Nutrient Indicators
This is a four-column table. Column 1 lists the indicator, Column 2 lists the analytical method number, Column 3 lists
the sampling regime for surface waters, and Column 4 lists the sampling regime for ground waters.

! Collected once a year per site.

2 Prior to October 2009, total analytes were collected once a year; dissolved analytes were collected quarterly

T = Total sample (unfiltered sample)
D = Dissolved sample (filtered sample)
N/A = Not applicable

Organic/Nutrient Indicator Analysis Method Surface Water | Ground Water
TOC SM 5310 B T T
Nitrate + Nitrite Method 353.2 T D'/T?
Ammonia Method 350.1 T D'/T?
TKN Method 351.2 T D'/T?
Phosphorus Method 365.1/365.4 T D'/T?
Orthophosphate Method 365.1 N/A D

Table 5.3d. Trend Network Major lon Indicators
This is a four-column table. Column 1 lists the indicator, Column 2 lists the analytical method number, Column 3 lists
the sampling regime for surface waters, and Column 4 lists the sampling regime for ground waters.

! Collected once a year per site.

2 Prior to October 2009, total analytes were collected once a year; dissolved analytes were collected quarterly.

T = Total sample (unfiltered sample)
D = Dissolved sample (filtered sample)

Major lon Indicator Analysis Method Surface Water | Ground Water
Chloride Method 300 T D'/T?
Sulfate Method 300 T D'/T?
Fluoride SM 4500 F-C T D1/T
Calcium Method 200.7/200.8 T D'/T?

Magnesium Method 200.7/200.8 T D'/T?
Sodium Method 200.7/200.8 T D'/T?
Potassium Method 200.7/200.8 T D'/T?
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Table 5.3e. Trend Network Metal Indicators
This is a four-column table. Column 1 lists the indicator, Column 2 lists the analytical method number, Column 3 lists
the sampling regime for surface waters, and Column 4 lists the sampling regime for ground waters.

" Collected quarterly at predetermined SCl-applicable sites beginning in October 2009.
2 Collected once a year per site.

T = Total sample (unfiltered sample)

N/A = Not applicable

Metal Indicator Analysis Method Surface Water | Ground Water
Arsenic, Cadmium, Chromlum, Copper, Method 200.7/200.8 T N/A
Lead, Zinc
Arsenic, Iron, Lead Method 200.7/200.8 N/A T’

Table 5.3f. Trend Network Physical Property Indicators
This is a four-column table. Column 1 lists the indicator, Column 2 lists the analytical method number, Column 3 lists
the sampling regime for surface waters, and Column 4 lists the sampling regime for ground waters.

! Collected once a year per site.

2 Prior to October 2009, total analytes were collected once a year; dissolved analytes were collected quarterly
®True color replaced apparent color for laboratory analysis on January 1, 2010.

* Dropped total suspended solids (TSS) for ground water on October 1, 2009.

T = Total sample (unfiltered sample)

D = Dissolved sample (filtered sample)

Physical Property Indicator Analysis Method Surface Water | Ground Water
Alkalinity SM 2320 B T D'/T?
Turbidity (Lab) Method 180.1 T T
Specific Conductance (Lab) Method 120.1 T T
Color® SM 2120 B T T
TSS* SM 2540 D T T
Total Dissolved Solids (TDS) SM 2540 C T T

Surface Water Trend Network

The Surface Water Trend Network consists of 76 fixed sites that are sampled monthly (Figure
5.3); however, only 74 stations have a sufficient period of record. Most of these sites are
located on the nontidal portions of rivers at or near USGS gauging stations, often at the lower
end of a watershed. The sites enable FDEP to obtain biology, chemistry, and loading data at a
point that integrates land use activities. Some surface water trend sites are also located at or
near the Florida boundary with Alabama and Georgia. These are used to obtain chemistry and
loading data for rivers or streams entering Florida. Data from Surface Water Trend Network
sites are used to evaluate temporal variability in Florida’s surface water resources and
determine indicator trends. They are not designed to monitor point sources of pollution, since
these sites are located away from known outfalls or other regulated sources.

Ground Water Trend Network

The Ground Water Trend Network consists of 48 fixed sites that are used to obtain chemistry
and field data in confined and unconfined aquifers; however, only 47 stations have a sufficient
period of record (Figure 5.4). These data are used to quantify temporal variability in ground
water resources. Water samples are collected quarterly at all wells in the Ground Water Trend
Network. Field analytes are measured monthly at the unconfined aquifer sites. A land use
form, completed at all sites annually, aids in determining potential sources of contamination for
ground water resources.
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Figure 5.3. Surface Water Trend Network Sites
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Figure 5.4. Ground Water Trend Network Sites with Sufficient Period of Record
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Trend Network Core and Supplemental Indicators

For data comparability, many of the same indicators are included in both the Status and Trend
Network indicator lists. To maintain the historical aspect of the data, changes to the indicator
list are minimized.

Data Evaluation

Prior to data analyses for Status and Trend reporting, all data were checked to ensure the
accuracy of the results. Data from the Trend Network that were qualified with an O, V, or Y
were excluded before any analysis was conducted.® Additionally, some data qualified with a J
were excluded from the trend analysis.* All remaining data were used.

The Trend Network consists of 48 ground water and 76 surface water stations; of these, 1
ground water and 2 surface water stations were either recently added to the network or do not
have enough data to conduct a Seasonal Kendall (SK) analysis. Seasonal cyclicity
(seasonality) has been shown for many surface water constituents; therefore, an effort should
be made to collect at least 1 sample in each season, 4 per year as a bare minimum. If
seasonality, or any other form of cyclicity, is present, the long-term trend of the constituent may
be determined only after statistically adjusting the data. This is referred to as deseasonalizing
the data. The SK analysis requires a reasonable amount of data, consisting of at least 2
seasons and 12 data points in order to determine if a trend exists.

The SK is a nonparametric test that is insensitive to outliers, missing values, and censored
data. It can be conducted on all analytes as it does not require a standard or threshold value to
determine the results. The alpha level at which the hypothesis is either accepted or rejected,
has been set at 0.05, indicating a 95% confidence level about the trend decision.

The statewide assessments provide a broad overview of the results obtained by the Status
Network, while zonewide results may depict areas of concern for specific indicators. Statewide
assessments can hide or minimize the impact an indicator may have within a zone. This
document does not present assessments by zone as there are insufficient data to conduct the
analysis.

®The qualifiers are as follows:

. Data qualified with an O indicate that the site was sampled but a chemical analysis was lost or not performed.

. The V value qualifier indicates that the analyte was detected in both the sample and any of the associated blanks at
similar concentrations.

. Data with the Y value qualifier indicate the laboratory analysis is from an unpreserved or improperly preserved sample,
and therefore the data may not be accurate.

* Data qualified with a J for the following reasons were excluded from Trend Network analysis:

. Field, equipment, and trip blank failures.
. Field instrument calibration failures.
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CHAPTER 6: RESULTS OF THE STATUS
AND TREND NETWORK ASSESSMENTS
FOR 2009-10

Summary of Status Network Surface Water Results
Introduction

The probabilistic approach discussed in Chapter 5 is used to sample and report on the condition
of surface water resources from the entire state. This chapter summarizes the results of the
combined statewide assessment for 2009 and 2010.

Four surface water resources were assessed: rivers, streams, large lakes, and small lakes.
Table 6.1 summarizes the miles of rivers and streams, and acres and numbers of large and
small lakes, for the waters assessed. Approximately 10 samples were collected annually from
each resource, in each zone, for 60 samples statewide.

Table 6.1. Summary of Surface Water Resources Assessed by the Status Network’s Probabilistic
Monitoring, 2009-10
This is a two-column table. Column 1 lists the waterbody type, and Column 2 lists the miles of rivers and streams,
and acres and numbers of large and small lakes.

Note: The estimates in the table do not include coastal or estuarine waters. These calculations are from the 1:24,000 NHD.

Waterbody Type Assessed
Rivers 3,927 miles
Streams 16,861 miles
Large Lakes 1,725 lakes (1,006,574 acres)
Small Lakes 2,676 lakes (40,905 acres)

The indicators selected for surface water reporting include fecal coliform, DO, un-ionized
ammonia, chlorophyll a (rivers and streams), and TSI (lakes). Tables 6.2a through 6.2c
summarize the indicators and their threshold values. Tables 5.1a through 5.1f and 5.2a
through 5.2b contain the complete list of indicators used in the Status Monitoring Network.

The main source of information for these indicators is Rule 62-302, F.A.C., which contains the
surface water quality standards for Florida. The water quality criteria and thresholds are derived
from the following:

e Section 62-302.530, F.A.C., Criteria for Surface Water Classifications;

e Rule 62-550, F.A.C., Drinking Water Standards;

e Rule 62-303, F.A.C., Identification of Impaired Surface Waters; and

e Section 62-520.420, F.A.C., Standards for Class G-I and Class G-Il Ground
Water.
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It is important to note that the diversity of Florida’s aquatic ecosystems also means there is a
large natural variation in some water quality parameters. For example, surface waters that are
dominated by ground water inflows or flows from wetland areas will have lower DO levels.
Therefore, some Florida aquatic systems naturally exhibit DO levels less than the state’s
standard of 5.0 mg/L.

Table 6.2a. Status Network Physical/Other Indicators/Index for Aquatic Life Use with Water
Quality Criteria/Thresholds
This is a two-column table. Column 1 lists the indicators and Column 2 lists the water quality criteria/thresholds.

'Both TSI and chlorophyll a are not criteria, but thresholds used to estimate the impairment of state waters. These thresholds are
used in the analysis of Status Monitoring Network data, based on single samples. The analysis and representation of these data
are not intended to infer the verification of impairment, as defined in Rule 62-303, F.A.C.

2 PCUs = Platinum cobalt units

% SU = Standard units

Physical/Other Indicators/
Index for Aquatic Life Use

(Surface Water) Criterion/Threshold
DO 25 mg/L
Un-ionized Ammonia <0.02 mg/L
Fluoride <10 mg/L
Chlorophyll a' <20 pg/L

Color < 40 PCUs,” then TSI < 40

1
TSI Color > 40 PCUs, then TSI < 60

Table 6.2b. Status Network Microbiological Indicators/Index for Recreational Use with Water
Quality Criteria/Thresholds
This is a two-column table. Column 1 lists the indicators and Column 2 lists the water quality criteria/thresholds.

Microbiological Indicator/
Index for Recreation Use
(Surface Water) Criterion/Threshold

Fecal Coliform Bacteria < 400 colonies/100mL

Table 6.2c. FDEP Freshwater Lake Sediment Contaminant Thresholds for Metals
This is a three-column table. Column 1 lists the metals, Column 2 lists the threshold effects concentration, and
Column 3 lists the probable effects concentration.

Threshold Effects Probable Effects
Concentration Concentration
Metal (mg/kg) (mg/kg)

Arsenic 9.8 33
Cadmium 1.00 5
Chromium 434 111

Copper 32 149

Lead 36 128

Mercury 0.18 1.06
Nickel 23 48

Zinc 121 459
Silver 1 22
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Rivers, Streams, Large Lakes, and Small Lakes

The following pages present the surface water Status Network results for rivers, streams, large
lakes, and small lakes. For each resource, there is a map showing the sample site locations
(Figures 6.1, 6.3, 6.5, and 6.7), a figure with a summary of the statewide results (Figures 6.2,
6.4, 6.6, and 6.8), and a table of the statewide results for each indicator for a particular resource

(Tables 6.3b through 6.3e). Table 6.3a explains the terms used in the statewide summary
tables.

Table 6.3a. Explanation of Terms Used in Tables 6.3b through 6.3e
This is a two-column table. Column 1 lists the terms used and Column 2 explains each term.

Term Explanation
Analyte Indicators chosen to base assessment of condition of waters of the state.
Estimate of actual extent of resource from which threshold results were
Target Population calculated. Excludes % of resource that was determined to not fit
definition of resource.
Number of samples used for statistical analysis after qualified data and
Number of Samples ; o
resource exclusions are eliminated from the data pool.
) : i H )
% Meeting Threshold % estimate of resource that meets a specific indicator's
criterion/threshold value.
95% Confidence Bounds Upper and lower bounds for 95% confidence of % meeting a specific
(% Meeting Threshold) indicator’s criterion/threshold value.
5 - —
% Not Meeting Threshold % of estimate Qf gxtent,of resource that does not meet a specific
indicator’s criterion/threshold value.
Assessment Period Duration of probabilistic survey sampling event.
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Figure 6.1. Statewide River Sample Locations
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Table 6.3b. Statewide Percentage of Rivers Meeting Threshold Values for Indicators Calculated
Using Probabilistic Monitoring Design
Designated Use: Recreation and Aquatic Life
This is a 7-column table. Column 1 lists the analyte, Column 2 lists the target population, Column 3 lists the number
of samples, Column 4 lists the percent meeting threshold, Column 5 lists the 95% confidence bounds, Column 6 lists

the percent not meeting the threshold, and Column 7 lists the assessment period.

Status Network

Units: Miles

95%
Confidence
Target Number Bounds % Not
Population of % Meeting (% meeting Meeting Assessment
Analyte (miles) Samples Threshold threshold) Threshold Period

Chlorophyll a 3,927 119 85.6 79.9-91.4 14.4 2009-10
Un-ionized Ammonia 3,927 119 99.6 99.0-100.0 0.4 2009-10
Fecal Coliform 3,927 119 97.2 94.1-100.0 2.8 2009-10
DO 3,927 119 88.0 84.1-92.0 12.0 2009-10

Figure 6.2. Statewide Summary of River Results
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Figure 6.3. Statewide Stream Sample Locations
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Table 6.3c. Statewide Percentage of Streams Meeting Threshold Values for Indicators Calculated
Using Probabilistic Monitoring Design
Status Network Designated Use: Recreation and Aquatic Life Units: Miles
This is a 7-column table. Column 1 lists the analyte, Column 2 lists the target population, Column 3 lists the number
of samples, Column 4 lists the percent meeting the threshold, Column 5 lists the 95% confidence bounds, Column 6
lists the percent not meeting the threshold, and Column 7 lists the assessment period.

95%
Confidence
Target Number Bounds % Not
Population of % Meeting (% meeting Meeting Assessment
Analyte (miles) Samples Threshold threshold) Threshold Period

Chlorophyll a 16,861 90 95.0 90.2-99.8 5.0 2009-10
Un-ionized Ammonia 16,861 90 97.6 93.5-100.0 2.4 2009-10
Fecal Coliform 16,861 90 75.3 67.1-83.5 247 2009-10
DO 16,861 90 74.3 64.5-84.1 25.7 2009-10

Figure 6.4. Statewide Summary of Stream Results
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Figure 6.5. Statewide Large Lake Sample Locations
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Table 6.3d. Statewide Percentage of Large Lakes Meeting Threshold Values for Indicators
Calculated Using Probabilistic Monitoring Design
Designated Use: Recreation and Aquatic Life

Status Network Units: Acres

This is a 7-column table. Column 1 lists the analyte, Column 2 lists the target population, Column 3 lists the number
of samples, Column 4 lists the percent meeting the threshold, Column 5 lists the 95% confidence bounds, Column 6

lists the percent not meeting the threshold, and Column 7 lists the assessment period.

95%
Confidence
Target Number Bounds % Not
Population of % Meeting (% meeting Meeting Assessment
Analyte (acres) Samples Threshold threshold) Threshold Period

TSI 1,006,574 120 62.6 51.1-74 1 37.4 2009-10
Un-ionized Ammonia 1,006,574 120 95.0 90.5-99.5 5.0 2009-10
Fecal Coliform 1,006,574 120 98.7 96.4-100.0 1.3 2009-10
DO 1,006,574 120 90.4 83.2-97.6 9.6 2009-10

Figure 6.6. Statewide Summary of Large Lake Results
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Figure 6.7. Statewide Small Lake Sample Locations
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Table 6.3e. Statewide Percentage of Small Lakes Meeting Threshold Values for Indicators
Calculated Using Probabilistic Monitoring Design
Status Network Designated Use: Recreation and Aquatic Life Units: Lakes
This is a 7-column table. Column 1 lists the analyte, Column 2 lists the target population, Column 3 lists the number
of samples, Column 4 lists the percent meeting the threshold, Column 5 lists the 95% confidence bounds, Column 6
lists the percent not meeting the threshold, and Column 7 lists the assessment period.

95%
Confidence
Target Bounds % Not
Population Number of | % Meeting (% meeting Meeting Assessment
Analyte (lakes) Samples Threshold threshold) Threshold Period

TSI 2,676 106 87.3 80.7-93.8 12.7 2009-10
Un-ionized Ammonia 2,676 106 100.0 100.0 0.0 2009-10
Fecal Coliform 2,676 106 99.6 98.9-100.0 0.4 2009-10
DO 2,676 106 96.7 91.6-100.0 3.3 2009-10

Figure 6.8. Statewide Summary of Small Lake Results
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Sediment Quality Evaluation
Background

In healthy aquatic environments, sediments provide essential habitat but, at the same time, they
are a source of contamination and recycled nutrients as substances accumulate over time from
upland discharges, the decomposition of organic material, and atmospheric deposition.
Knowledge of a site’s sediment quality is also important for environmental managers in
evaluating restoration and dredging projects. In contrast to the standards established for many
water column constituents, FDEP has no standards (criteria) for sediment and no statutory
authority to establish criteria. Therefore, it is important to use scientifically defensible thresholds
to estimate the condition of sediments and determine the ecological significance of the chemical
results.

The interpretation of sediment metals data is not straightforward because metallic elements are
natural constituents in sediment. The geochemistry of a region must be factored into the
analysis of sediment chemistry data. For example, marine sediments in the northern part of the
state tend to be fine-grained , while sediments farther south in the Peninsula coastal regions are
coarser and predominantly carbonate in nature. Sediments in the north have a higher natural
burden of metals, and in comparison to sediments from the southern region of the state may
appear to be contaminated. However, a closer examination based on the geology of the region
“normalizes” the results so that scientifically defensible inferences can be made.

For sediment metals data analysis, FDEP developed two interpretive tools, detailed in the
following publications: A Guide to the Interpretation of Metals Concentrations in Estuarine
Sediments (Schropp and Windom 1988) and Development of an Interpretive Tool for the
Assessment of Metal Enrichment in Florida Freshwater Sediment (Carvalho and Schropp 2003).
These documents use a statistical normalization technique to predict background
concentrations of metals in sediments, regardless of their composition.

Programs evaluating sediment metals concentrations must distinguish between natural
background levels of metals in the environment versus what human activity introduced. The
metals interpretive tool can be used to determine natural levels of the metals arsenic, cadmium,
chromium, lead, nickel, and zinc, and then determine which might be elevated above expected
background concentrations. This tool was applied to the dataset to identify sediments with
elevated trace metals.

However, the presence of higher levels of metals alone does not mean that the sediment metal
level will cause a biological effect. To address the elevated metals concentrations issue, and to
determine whether these levels are ecologically significant, FDEP developed additional metrics
to interpret sediment chemistry.

During the 1990s, several state and federal agencies developed concentration-based guidelines
used to evaluate biological effects from sediment contaminants. These agencies employed
several approaches, including a weight-of-evidence statistical strategy, which derived guidelines
from studies containing paired sediment chemistry and associated biological responses. FDEP
selected this weight-of-evidence approach to develop biological based sediment guidelines. To
provide guidance in the interpretation of sediment contaminant data, two documents were
published: Approach to the Assessment of Sediment Quality in Florida Coastal Waters
(MacDonald 1994) and Development and Evaluation of Numerical Sediment Quality
Assessment Guidelines for Florida Inland Waters (MacDonald et al. 2003).

70
Florida Department of Environmental Protection


http://www.dep.state.fl.us/water/monitoring/docs/seds/estuarine.pdf
http://www.dep.state.fl.us/water/monitoring/docs/seds/estuarine.pdf
http://www.dep.state.fl.us/water/monitoring/docs/seds/FFW_Metals_Report_Final.pdf
http://www.dep.state.fl.us/water/monitoring/docs/seds/FFW_Metals_Report_Final.pdf
http://www.dep.state.fl.us/waste/quick_topics/publications/documents/sediment/volume2.pdf
http://www.dep.state.fl.us/WATER/monitoring/docs/seds/SQAGs_for_Florida_Inland_Waters_01_03.PDF
http://www.dep.state.fl.us/WATER/monitoring/docs/seds/SQAGs_for_Florida_Inland_Waters_01_03.PDF

2012 Integrated Water Quality Assessment for Florida, May 2012

Rather than traditional pass/fail criteria, the weight-of-evidence approach selected by FDEP
uses two guidelines to assess each sediment contaminant: a lower guideline, the Threshold
Effects Concentration (TEC), and a higher guideline, the Probable Effects Concentration (PEC).
A value below the TEC indicates a low probability of harm occurring to sediment-dwelling
organisms. Conversely, sediment values above the PEC have a high probability of causing
biological harm. These guidance values are used to determine whether the sediments at the
sampling site may need further evaluation, such as toxicity testing to verify that the presence of
metals or organic contaminants would have a deleterious ecological effect.

Small and Large Lakes

Of the four Status Network surface water resources, lakes were selected as the most
appropriate resource to evaluate sediment contaminants, since lakes integrate runoff within
watersheds. Both the geochemical metals tool and the freshwater biological effects guidance
values (MacDonald et al. 2003) were used to evaluate lake sediment chemistry data.

In 2009 and 2010, 223 sediment samples were collected from the state’s 2 lake resources: 107
from small lakes and 116 from large lakes. Samples were analyzed for major elements
(aluminum and iron), a suite of trace metals, and 3 sediment nutrients (Tables 5.2a through
5.2b). To ensure accurate metals data, samples were prepared for chemical analysis using
EPA Method 3051 (total digestion) rather than with the EPA’s 200.2 method (referred to as the
total recoverable method).

FDEP staff compared the sediment metal concentrations with the FDEP freshwater sediment
guidelines (Table 6.2c). When the concentration exceeded the TEC, the metal concentration
was evaluated. If the concentration was within a naturally occurring range, the sediment sample
was reclassified as “not elevated.”

Results are found in Figures 6.9 and 6.10 and Tables 6.4a and 6.4b. The tables display two
rows for each metal. The first row contains the uncorrected results for each metal (raw
chemical result), while the second row contains the corrected results after applying the
previously described metals normalization analysis. This evaluation illustrates that the number
of metal exceedances is lower than expected if concentration were the only measure used to
determine ecological impact. Some sites that appear impacted exhibit expected sediment metal
concentrations. Copper (still widely employed as an aquatic herbicide), lead, and zinc are the
most elevated metals in many small lakes. Elevated lead and zinc concentrations are frequently
associated with stormwater input. Arsenic, cadmium, chromium, and silver occasionally exceed
the sediment guidelines. Sediment metals are highest in lakes located in urbanized areas, with
the highest number of elevated metals results from lakes in peninsular Florida.
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Table 6.4a. Statewide Percentage of Large Lakes Meeting Sediment Contaminant Threshold
Values
This is a six-column table. Column 1 lists the metal (uncorrected and corrected), Column 2 lists the percent meeting
the TEC threshold, Column 3 lists the percent not meeting the TEC threshold, Column 4 lists the percent not meeting
the PEC threshold, Column 5 lists the percent of stations greater than the TEC that include naturally occurring metal
concentrations, and Column 6 lists the percent of stations greater than the PEC that include naturally occurring metal
concentrations.

N/A = Not applicable

% of Stations % of Stations
% Meeting % Not Meeting | % Not Meeting >TEC Due to >PEC Due to
TEC TEC PEC Natural Metal Natural Metal
Metal Threshold Threshold Threshold Concentrations Concentrations
Arsenic 92.2 7.8 0 N/A N/A
Uncorrected
Arsenic
Corrected 92.2 0 0 7.8 0
Cadmium 92.2 7.8 0 N/A N/A
Uncorrected
Cadmium
Corrected 92.2 1.8 0 6.0 0
Chromium 79.3 20.7 0 N/A N/A
Uncorrected
Chromium
Corrected 79.3 0 0 20.7 0
Copper 85.3 12.1 2.6 N/A N/A
Uncorrected
Copper
Corrected 85.3 104 2.6 1.7 0
Silver
Uncorrected 100 0 0 N/A N/A
Silver
Corrected 100 0 0 0 0
Nickel 95.7 43 0 N/A N/A
Uncorrected
Nickel
Corrected 95.7 0 0 4.3 0
Lead 72.4 25.9 1.7 N/A N/A
Uncorrected
Lead
Corrected 72.4 19.0 1.7 6.9 0
Mercury 62.9 37.1 0 N/A N/A
Uncorrected
Mercury
Corrected 62.9 3.5 0 33.6 0
Zinc 94.8 5.2 0 N/A N/A
Uncorrected
Zinc
Corrected 94.8 5.2 0 0 0
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Figure 6.9. Statewide Summary of Large Lake Sediment Results
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Table 6.4b. Statewide Percentage of Small Lakes Meeting Sediment Contaminant Threshold
Values
This is a six-column table. Column 1 lists metal (uncorrected and corrected), Column 2 lists the percent meeting the
TEC threshold, Column 3 lists the percent not meeting the TEC threshold, Column 4 lists the percent not meeting the
PEC threshold, Column 5 lists the percent of stations greater than the TEC that include naturally occurring metal
concentrations, and Column 6 lists the percent of stations greater than the PEC that include naturally occurring metal

concentrations.
N/A = Not applicable
% Not % Not % of Stations % of Stations
Meeting Meeting >TEC Due to >PEC Due to
% Meeting TEC TEC PEC Natural Metal Natural Metal
Metal Threshold Threshold Threshold Concentrations | Concentrations
Arsenic 80.4 18.7 0.9 N/A N/A
Uncorrected
Arsenic
Corrected 80.4 5.6 0.9 13.1 0
Cadmium 82.2 16.9 0.9 N/A N/A
Uncorrected
Ceemin 82.2 3.7 0.9 13.2 0
Corrected
Chromium 60.7 37.4 1.9 N/A N/A
Uncorrected
Ol 60.7 0 0 37.4 19
Corrected
Copper 49.5 40.2 10.3 N/A N/A
Uncorrected
Czppppen 49.5 36.5 10.3 3.7 0
Corrected
Silver 96.3 37 0 N/A N/A
Uncorrected
Silver
Corrected 96.3 2.8 0 0.9 0
Nickel 89.7 10.3 0 N/A N/A
Uncorrected
Nickel
Corrected 89.7 1.9 0 8.4 0
Lead 30.9 57.0 12.1 N/A N/A
Uncorrected
Lead
Corrected 30.9 44.9 12.1 12.1 0
Mercury 49.6 495 0.9 N/A N/A
Uncorrected
Mercury
Corrected 49.6 8.4 0.9 41.1 0
Zinc 61.7 30.8 75 N/A N/A
Uncorrected
Zinc
Corrected 61.7 23.4 7.5 7.4 0
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Figure 6.10. Statewide Summary of Small Lake Sediment Results
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Summary of Status Network Ground Water Results

FDEP’s Watershed Monitoring Section has monitored ground water quality since 1986 in both
confined and unconfined aquifers. The current Status Network ground water monitoring
program uses a probabilistic monitoring design to estimate confined and unconfined aquifer
water quality across the state. This estimate is, by necessity, based on a subsampling of wells
representing both the confined and unconfined aquifers. The wells used in this evaluation
include private, public, monitoring, and agricultural irrigation wells. Figures 6.11 and 6.13
depict the randomly selected wells that were sampled for confined and unconfined aquifers,
respectively.

The assessment period for this report is January 2009 through December 2010. Table 6.5
describes the ground water indicators used in the analysis and lists primary drinking water
standards (thresholds). Some of the more important analytes include total coliform, nitrate-
nitrite, trace metals such as arsenic and lead, and sodium (salinity), all of which are threats to
drinking water quality.

Table 6.5. Status Network Physical/Other Indicators/Index for Potable Water Supply for Ground
Water with Water Quality Criteria/Thresholds
This is a two-column table. Column 1 lists the indicator, and Column 2 lists the water quality criteria/threshold for that

indicator.
Primary Indicator/Index
for Potable Water Supply
(Ground Water) Criterion/Threshold
Fluoride <4 mg/L
Arsenic <10 pg/L
Cadmium <5 ug/L
Chromium <100 pg/L
Lead <15 pg/L
Nitrate-Nitrite <10 mg/L
Sodium <160 mg/L
Fecal Coliform <2/100mL
Total Coliform Bacteria <4 /100mL

For each Status Network ground water resource (confined aquifers and unconfined aquifers),
there is a map showing the sample site locations (Figures 6.11 and 6.13), a figure summarizing
the statewide results (Figures 6.12 and 6.14), and a table containing the statewide results for
each indicator for a particular resource (Tables 6.6b and 6.6c). Table 6.6a contains a legend
for the terms used in Tables 6.6b and 6.6¢c. Tables 6.6b and 6.6¢ provide an estimate of the
quality of Florida’s confined and unconfined aquifers by listing the percentage of the resource
that meets a potable water threshold.
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Table 6.6a. Legend for Terms Used in Tables 6.6b and 6.6¢
This is a two-column table. Column 1 lists the terms and Column 2 provides an explanation.

Term

Explanation

Analyte

Indicators chosen to base assessment of the condition of waters
of the state.

Target Population

Number of wells from which inferences are based. Excludes %
of resource that was determined to not fit definition of
resource.

Number of Samples

Number of samples used for statistical analysis after qualified
data and resource exclusions are eliminated from the data pool.

% Meeting Threshold

% estimate of resource extent that meets a specific indicator’s
criterion/threshold value.

95% Confidence Bounds
(% Meeting Threshold)

Upper and lower bounds for 95% confidence of % meeting a
specific indicator’s criterion/threshold value.

% Not Meeting Threshold

% of estimate of extent of resource that does not meet a specific
indicator’s criterion/threshold value.

Assessment Period

Duration of probabilistic survey’s sampling event.
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Figure 6.11. Statewide Confined Aquifer Well Locations
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Table 6.6b. Statewide Percentage of Confined Aquifers Meeting Threshold Values for Indicators

Calculated Using Probabilistic Monitoring Design
Status Network Designated Use: Primary Drinking Water Standards

Units: Number of wells in list frame

This is a seven-column table. Column 1 lists the analyte, Column 2 lists the target population, Column 3 lists the

number of samples, Column 4 lists the percent meeting the threshold, Column 5 lists the 95% confidence bounds,
Column 6 lists the percent not meeting the threshold, and Column 79 lists the assessment period.

Target 95%
Population Confidence % Not
(wells in list Number of % Meeting Bounds Meeting Assessment
Analyte frame) Samples Threshold (% meeting) Threshold Period
Arsenic 9,018 219 98.2 95.5-100.0 1.8 2009-10
Cadmium 9,018 219 100.0 100.0 0.0 2009-10
Chromium 9,018 209 100.0 100.0 0.0 2009-10
Lead 9,018 219 99.7 99.5-99.9 0.3 2009-10
Nitrate-Nitrite 9,018 180 100.0 100.0 0.0 2009-10
Sodium 9,018 219 95.5 93.8-97.1 4.5 2009-10
Fluoride 9,018 219 100.0 100.0 0.0 2009-10
Fecal Coliform 9,018 218 100.0 100.0 0.0 2009-10
Total Coliform 9,018 174 93.8 89.0-98.6 6.2 2009-10

Figure 6.12. Statewide Summary of Confined Aquifer Results
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Figure 6.13. Statewide Unconfined Aquifer Well Locations
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Table 6.6¢c. Statewide Percentage of Unconfined Aquifers Meeting Threshold Values for Indicators

Calculated Using Probabilistic Monitoring Design
Status Network Designated Use: Primary Drinking Water Standards

Units: Number of wells in list frame

This is a seven-column table. Column 1 lists the analyte, Column 2 lists the target population, Column 3 lists the

number of samples, Column 4 lists the percent meeting the threshold, Column 5 lists the 95% confidence bounds,
Column 6 lists the percent not meeting the threshold, and Column 7 lists the assessment period.

Target 95%
Population Confidence % Not

(wells in list [ Number of % Meeting Bounds Meeting Assessmen
Analyte frame) Samples Threshold (% meeting) Threshold t Period
Arsenic 8,551 222 99.1 98.4-99.9 0.9 2009-10
Cadmium 8, 551 222 99.9 99.7-100.0 0.1 2009-10
Chromium 8, 551 222 100.0 100.0 0.0 2009-10
Lead 8, 551 207 97.9 96.5-99.3 2.1 2009-10
Nitrate-Nitrite 8, 551 191 98.6 96.8-100.0 1.4 2009-10
Sodium 8, 551 222 98.5 97.6-99.5 1.5 2009-10
Fluoride 8, 551 222 100.0 100.0 0.0 2009-10
Fecal Coliform 8, 551 222 95.4 95.9-100.0 4.6 2009-10
Total Coliform 8, 551 222 83.6 75.3-91.9 16.4 2009-10

Figure 6.14. Statewide Summary of Unconfined Aquifer Results
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Summary of Surface and Ground Water Trend Network
Results

Surface Water Trends

The flow rate of rivers can be highly variable and can complicate data analysis unless taken into
consideration. Where available, flow rates from associated USGS gauging stations were
collected at the same time as surface water samples. The surface water quality data were
adjusted for flow before SK data analysis. Since ground water flows very slowly, there is little to
no seasonality to the data. Therefore, no adjustment to the ground water data was necessary
prior to any analysis was performed. If a trend was found to exist for either seasonally adjusted
or nonadjusted data, the corresponding slope was determined using the Sen Slope (SS)
estimator (Gilbert 1987). The estimator measures the median difference between successive
concentration observations over the time series. SS was used only to measure the direction of
the slope, not as a hypothesis test. Therefore, reporting the trend as increasing, decreasing, or
no trend indicates the direction of the slope and does not indicate the impairment or
improvement of the analyte being measured in the waters.

Forty-three surface water stations were adjusted for flow, while the remaining 33 stations were
not flow adjusted. Table 6.7 provides a general statewide overview of the analyses conducted
on the surface water trend data (1999-2010). For the results of the analyses by station, see
Tables 6.8a through 6.8c. Table 6.8a contains the legend for the acronyms and abbreviations
used in Tables 6.8b and 6.8c. Tables 6.8b and 6.8c present the results of the trend analyses,
and Figures 6.15 through 6.22 show the results graphically for each indicator.
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Table 6.7. Surface Water Trend Summary (1999-2010)
This is a nine-column table. Column 1 lists the indicator, Columns 2 and 6 show the pie chart for the indicator,
Columns 3, 4, and 5 list the flow-adjusted percentages, and Columns 7, 8, and 9 list the nonflow-adjusted
percentages.

Note: Light blue segments of the pie charts represent the percentage of stations sampled that exhibit an increasing trend for the
specified analyte. Dark blue segments represent the percentage of stations sampled that exhibit a decreasing trend for the
specified analyte. Gray segments represent the percentage of stations sampled that exhibit no trend for the specified analyte.
Flow-adjusted site percentages were calculated based on a sample size of 43 stations that are associated with a USGS gauging
station and adjusted for water flow. Nonflow- adjusted site percentages were calculated based on a sample size of 31 stations.

Flow- 8 @ @ Nonflow- 8 8 8
Indicator Adjusted | - . D - . .I@N% Adjusted | - . D 7 . .l_/ON?j

Sites nCreaSlng ecreasmg ren Sites nCreaSlng eCreaSlng ren
m::;ﬁf * 20.9% 16.3% 62.8% 19.4% 9.7% 71.0%
L‘i’ttri'g’;f'dah' 30.2% 11.6% 58.1% 32.3% 3.2% 64.5%
;ﬁfs'phorus 11.6% 30.2% 58.1% 3.2% 45.2% 51.6%
E‘;trab'oargan'c 16.3% 16.3% 67.4% 9.7% 6.5% 83.9%
Chlorophyll a 18.6% 47% 76.7% 32.3% 45.2% 22.6%
Fecal Coliform 14.0% 9.3% 76.7% 32.3% 0.0% 67.7%
pH 20.9% 14.0% 65.1% 16.1% 16.1% 67.7%
DO 30.2% 2.3% 67.4% 32.3% 6.5% 61.3%

Table 6.8a. Legend for the Acronyms and Abbreviations Used in Tables 6.8b and 6.8c
This is a two-column table. Column 1 lists the acronym or abbreviation, and Column 2 spells out the acronym.

Acronym/Abbreviation Indicator
TKN Total Kjeldahl Nitrogen
TP Total Phosphorus
TOC Total Organic Carbon
DO Dissolved Oxygen
pH pH, Field
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Table 6.8b. Trends for Specified Analytes for Surface Water Trend Network Stations that Are
Associated with a USGS Gauging Station and Adjusted for River Flow
This is a 10-column table. Column 1 lists the station, Column 2 lists the river, and Columns 3 through 10 list the

Positive trends are indicated with a plus sign (+), negative treﬁg:({ﬁeiidicated with a minus sign (-), and no trends are indicated by
zero (0).
o Nitrate- Chlorophyll Fecal
Station River Nitrite TKN TP TOC a Coliform pH DO
3494 Barron + + 0 + 0 0 0 0
3497 Fisheating Creek 0 0 0 0 0 0 0 0
3500 St. Lucie 0 o - 0 0 - + +
3501 Kissimmee 0 0 0 0 0 0 0 0
3509 Anclote - - - 0 - + - o]
3513 Withlacoochee + + 0 + 0 0 0 0
3515 St. Johns 0 - 0 0 - 0 0 0
3517 Ocklawaha 0 0 0 + 0 + 0 0
3519 Suwannee 0 0 0 0 0 0 0 0
3521 Santa Fe - + + + 0 0 0 0
3522 Suwannee 0 0 0 0 0 0 0 0
3524 Apalachicola + 0 - 0 + 0 0 +
3527 Ochlockonee 0 0 0 0 + 0 0 +
3528 St. Marks 0 0 0 - 0 + + +
3530 Suwannee + 0 0 0 + 0 0 0
3531 Econfina Creek + + 0 0 0 0 + +
3532 Telogia Creek 0 0 - 0 0 0 0 +
3534 Choctawhatchee + 0 - 0 + 0 - +
3535 Suwannee 0 + + + 0 0 0 0
3538 Alapaha 0 0 0 0 0 0 0 0
3539 Withlacoochee + 0 0 - + 0 0 0
3541 Escambia 0 + - 0 + 0 0 +
3542 Perdido - + + + 0 - 0 0
3543 Apalachicola 0 0 0 0 + 0 + 0
3545 Blackwater 0 0 - 0 0 0 0 +
3549 Escambia 0 + 0 0 + 0 0 +
3554 Alafia - + - 0 0 0 0 0
3555 Little Manatee 0 + - + o] + - 0
3556 Peace - 0 + 0 0 0 0 0
3557 St. Johns 0 0 0 0 0 0 0 0
3558 Miami Canal - 0 - 0 0 0 + 0
3559 Hillsboro Canal 0 0 0 - 0 - 0 0
3560 Withlacoochee 0 0 0 0 0 + 0 0
3561 Charlie Creek 0 + + 0 0 0 - 0
3563 New 0 - 0 - 0 0 0 0
3564 Waccasassa 0 + 0 0 0 0 0 +
3565 Eleven Mile Creek 0 0 0 0 0 0 - 0
3566 Weeki Wachee + + - 0 0 - - -
3568 Caloosahatchee 0 0 0 - 0 0 + +
g2 Econl(l_(ltl::?atchee ] ] ] ] v * * Y
3571 Black Creek Canal + 0 0 0 0 0 0
3572 Miami 0 0 - - 0 0 +
21380 Homosassa Spring 0 - 0 0 0 0 0
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Table 6.8c. Trends for Specified Analytes fo