[bookmark: _Toc190052686][bookmark: _Toc209241271]Chapter 4:  Ground Water Monitoring and Assessment 
[bookmark: _Toc190052687][bookmark: _Toc209241272]Summary of Ground Water Monitoring Programs 
The quality of ground water is of foremost concern in Florida, because ground water is so heavily used as a potable water source and because ground water inputs into surface water systems are so important.  Over the years, ground water quality monitoring has been incorporated into several programs.  The programs pertinent to this report are discussed below and summarized in Table 277.


[bookmark: _Toc190005281][bookmark: _Toc209240668]Table 27.  Summary of Ground Water Monitoring Programs and Data Sources
	Monitoring Network or Program
	Period
	Description

	FDEP-maintained Monitoring Networks

	Status Network
	1999–ongoing
	Statewide probabilistic sampling network of over 1,100 water wells per cycle.  Probabilistic sampling occurs over the 5-year basin rotation schedule.  Sample locations are randomly selected from a list frame of wells with samples collected from 30 wells from unconfined and 30 confined aquifers in a given basin.  Data to characterize water quality on a basinwide scale, and parameters monitored correspond with those targeted in surface water evaluations.

	Background Network and Temporal Variability (TV) Subnetwork
	1985–99
	Statewide network of 1,600 water wells and monitoring wells to spatially monitor general background water quality of local aquifers (surficial, intermediate, and Floridan).  On average, each well was sampled once every 3 years for an extensive list of analytes.  TV network wells sampled monthly to quarterly.

	Ground Water Temporal Variability (GWTV) Subnetwork
	1999–ongoing
	Current temporal network consists of 46 wells statewide.  Designed to help correlate Status Network results with seasonal hydrologic variations, estimate temporal variance of analytes.

	Very Intense Study Area (VISA) Network
	1989–99
	Network monitored the effects of land uses on ground water quality in 23 selected areas of the state.  Individual VISAs consisted of approximately 20 wells sampled 3 times over an 11-year period.  Sampled for a targeted list of analytes.

	Springs Monitoring Network
	2001–present
	58 samples collected quarterly from 23 first-magnitude and 9 second-magnitude spring clusters.  Basic analyte list identical to that used for the Status Network.

	Programs That Include Potable Ground Water Sampling 

	Public Water System (PWS) 
Monitoring
	1975–Ongoing
	Under Rule 62-550, F.A.C., all public water systems are required to monitor and report water quality at regular intervals within their Compliance Cycle.  Ground water is the primary source of potable water in the state.  

	FDOH/FDEP Water Supply Restoration Program (WSRP)–Private Well Sampling Program
	Ongoing
	Private well data collected in investigations of potential ground water contamination, maintained in an FDEP WSRP database.  Parameter list is variable, depending on contaminants of concern.

	Monitoring of discharges 
to ground water
	Ongoing
	Under Rule 62-522, F.A.C., facilities discharging to ground water are required to implement a ground water monitoring plan and report those results to FDEP.



[bookmark: _Toc190052688][bookmark: _Toc209241273]FDEP-maintained Ground Water and Springs Monitoring Programs 
FDEP established a ground water quality monitoring network in 1984, under the authority and direction of the 1983 Water Quality Assurance Act.  From 1984 to1999, the Background Network was maintained to establish the background and baseline ground water quality of major aquifer systems in Florida.  In 1999, FDEP initiated a probabilistic sampling Status Network to assess ground water and surface water quality on a basinwide scale.  This sampling has been integrated into the agency’s watershed management approach.  Thus the ground water assessment has been conducted using the 29 surface water basins discussed in Chapter 2.  The first round of sampling was initiated in 2000, and over 1,100 wells are evaluated in each basin management cycle.

Monitoring results for the Ground Water Temporal Variability Network, which also began in 1999, are used to assess seasonal and long-term variability in ground water quality.  Other, historical monitoring efforts include the Background Network, the VISA Network, and FDOH’s Private Water Well Quality Survey.

This report used the Status Network monitoring data to evaluate overall ground water quality, potential contaminants of concern, and ground water parameters of particular concern that may influence receiving surface waters.

FDEP established a springs monitoring network as part of the Florida Springs Initiative.  Beginning in 2000, this initially included quarterly monitoring at each of the state’s first-magnitude springs but has since expanded to include important second-magnitude springs as well.  In this report, Springs Initiative monitoring data are evaluated to identify spring water quality trends and issues of concern.

[bookmark: _Toc190052689][bookmark: _Toc209241274]Potable Water Monitoring by FDOH/FDEP Water Supply Restoration Program
Contaminated drinking water wells are identified through the sampling efforts of the local county public health units, supported by FDEP funding.  To optimize resources, wells are sampled in areas of known or suspected contamination, such as agricultural areas, areas of known offsite contamination near regulated facilities, landfills, or near underground storage tanks. 

The State Underground Petroleum Environmental Response (SUPER) Act program at FDOH concentrates its efforts in areas suspected to have petroleum-related contamination and targets drinking water wells near known storage tanks for sampling.

The Toxics sampling program looks for contamination related to the use of pesticides and fertilizers, and contamination from solvents and metals.  The program is a cooperative effort between FDOH, the county public health units, and FDEP.  FDEP funds the program through a contract with FDOH, and FDOH directs the sampling effort by the local public health units.

In this report, the WSRP database maintained by FDEP was used in the evaluation of the ground water contaminants of concern identified in private drinking water wells.  The database currently has water quality records for approximately 44,000 private wells.  A caveat to their use in this evaluation is that these wells are not evenly distributed because they were sampled in areas of known or suspected contamination.  Thus, the number of detections in a particular basin can be misleading because results may depend on well density and distribution in relationship relative to a given problem area.

[bookmark: _Toc190052690][bookmark: _Toc209241275]Public Water System (PWS) Monitoring
Approximately 5,000 public water systems in Florida rely on ground water.  These are served by nearly 10,000 wells.  Rule 62-550, F.A.C., sets the drinking water standards, monitoring requirements, and treatment techniques to be met by public water systems and the testing protocol required for certified laboratories.  The ultimate concern of the public water system supervision program is the quality of water for human consumption when the water reaches consumers, and so public water system monitoring involves the direct sampling of wells in some instances.  However, water quality results also include samples from various entry points into the water system, may include treated water, and for some parameters may include composite samples.

The monitoring framework for public water systems is a nine-year compliance cycle containing specific monitoring requirements for individual parameter groups and specific actions based on the detection of parameters above action limits or maximum contaminant levels (MCLs).  Water quality data in the PWS database are reported by system (PWS ID#).  While individual sample results collected for this report may exceed an action level or MCL, that exceedance does not necessarily translate directly into a violation of water delivered to the consumer (1) because of the compositing or blending of water mentioned above, or (2) because averaging with subsequent samples was below the action level or MCL.

Water quality data in the PWS database were used in the evaluation of regional and statewide contaminants of concern.  These data can either represent one individual well or a composite sample from multiple wells that comprise a system.  Generally, the most densely populated areas of the state have public supply systems with multiple wells, while less populated areas may rely on only one well.  Each public supply well was assigned to a basin or, in the case of a system, the basin that represents the majority of those wells.  In the analysis of contaminants of concern, the number of MCL exceedances is not weighted, and thus each exceedance may represent one individual well or a composite of many wells in a system.  Drinking water standards, monitoring requirements, and the frequency of sampling for public water supply wells are based on Rule 62-550, F.A.C.

[bookmark: _Toc190052691][bookmark: _Toc209241276]Monitoring of Discharges to Ground Water
FDEP implements a comprehensive ground water quality protection program that regulates discharges to ground water.  The program establishes ground water quality standards and classifications and permitting criteria.  Within several FDEP rules there are construction and operation requirements, minimum setbacks, and ground water monitoring criteria. 

Most permitted discharges to ground water are required to submit and implement a ground water monitoring plan showing the location of the proposed upgradient and downgradient monitoring wells, construction details, and a ground water sampling and analysis protocol.  At a minimum, these plans require three monitoring wells:  a background well, an intermediate well, and a compliance well.  These wells are generally sampled quarterly, and the analysis is submitted to FDEP to ensure compliance with Florida’s ground water standards. 

[bookmark: _Toc190052692][bookmark: _Toc209241277]Summary of Ground Water Quality 
[bookmark: _Toc190052693][bookmark: _Toc209241278]Overall Ground Water Quality
Data from the Status Network and GWTV Subnetwork (trends) were used to evaluate the overall quality of ground water based on primary ground water MCLs.  The data were sorted into analyte groups, and an “indicator” analyte was selected to determine ground water quality for wells in each of the basins.  The groups used in this evaluation include metals, bacteria, nitrates, and saline water, which represent some of the the most common threats to drinking water noted by the EPA in national surveys.  Organics and radionuclides were not included in the Status Network parameter list but are addressed in a later section of this chapter.

Most of the wells used in this statewide evaluation of overall ground water quality were selected randomly from a database of candidate wells.   They are of all types—including private, public, monitoring, and, less commonly, agricultural irrigation wells—that represent the basin’s most predominant aquifers used for potable supply.  These data indicate general basin-scale or statewide conditions and do not represent local conditions.  They generally represent ambient ground water quality, although a small number of upgradient facility wells are included.  This is a small number of wells and there may be data sufficiency issues for some basins and analytes, but it is assumed for the purposes of this analysis that the water quality in these wells provides a reasonable representation of overall ground water conditions.

The total basin area sampled for ground water conditions was estimated by assuming that each well represented one square mile of the aquifer’s ground water.  These data were then added to estimate the areal extent (by percent) of the state’s ground waters that are sorted by two major categories, unconfined and confined.  Florida’s unconfined aquifers exist under water table conditions, are directly responsive to precipitation, and are more vulnerable to contaminant sources.  Confined aquifers are separated from the surface by geologic material (such as clay) that retards the downward and upward migration of water ,and thus are considered less vulnerable to contamination from the surface.  Table 28 presents the results of this evaluation.

In the statewide dataset, bacteria (as total coliform) and salinity (as sodium) were the analyte groups with the fewest wells that were found to meet their designated uses.  Table G-1 in Appendix G provides the ground water MCLs.

Coliform bacteria can commonly reflect conditions in the well rather than the aquifer when associated with well construction or inadequate maintenance issues, and so these results should also be scrutinized.  They are discussed in greater detail in the next section, on contaminants of concern.  The statewide assessment shows that wells in approximately approximately 20% of the ground waters of the state exceeded the MCL for total coliform.



[bookmark: _Toc190005282][bookmark: _Toc209240669]Table 28.  Indicator Analytes and Overall Ground Water Quality in Florida’s Aquifers
	Indicator Analyte
	Statewide All Aquifers (sampled 2000–07)

	
	Status/Trends Networks

	
	Percent of Ground Water Samples in the State Meeting Designated Use in Confined (C) and Unconfined (U) Aquifers

	Metals, Highest % MCL
	97.9%(C); 96.4%(U); as lead1

	Metals, Arsenic
	99.2%(C); 95.5%(U)

	Total Coliform
	84.3%(C); 76.8%(U)

	Nitrates
	100%(C); 98.20%(U)

	Saline Water, Sodium
	85%(C); 95.50%(U)


Notes:
– The estimates in Table 28 may change as more ground water data become available.  
– Maximum value per well was used to produce a conservative assessment with equal representation from wells.  
– Detection limits for some of the historical data may have been higher than current laboratory method detection limits.  
– All values below the detection limit were consistently used at half the laboratory method detection limit.  In some cases, this may slightly affect the number of MCL exceedances.
– There are several metals that have primary ground water standards.  When all metals were assessed, the value used represents the metal with the highest number of samples exceeding its MCL.  When there were no MCL exceedances, the primary metal that was sampled most frequently was used for calculations.
  
1 For metals, the greatest number of MCL exceedances was for lead.  However, lead concentrations can be elevated due to well/plumbing materials and quality assurance issues with sampling.
2 For arsenic, the greatest number of MCL exceedances could be due to anthropogenic or natural abundances, or a combination of both.  
3 


Sodium can be used as an indicator for saline ground water when freshwater aquifers are threatened by saltwater intrusion.  The issues with salt water can be related to increased ground water usage that creates the upconing of mineralized ground water from deeper aquifers or seawater intrusion if wells are located in coastal areas.  Saline water (as sodium) may be a concern in confined-aquifer ground water in approximately 15% of the state, based on statewide statistics.  However, the number for unconfined aquifers was much lower.

One or more metals exceeding a primary ground water MCL was found to occur in 4.5% of the unconfined-aquifer wells, with the most prevalent metals exceedances for lead and arsenic.  Lead detections are sometimes related to well casing or plumbing material, but arsenic is most frequently associated with a contaminant source or natural condition in the aquifer when it is found at concentrations above its MCL.

Nitrate is a conservative contaminant, and detected concentrations are not typically biased by well materials or sampling technique.  Elevated nitrate detections reflect the presence of nutrient sources such as fertilizers, animal waste, or domestic wastewater.  According to the statewide assessment, nitrates above MCLs would be a concern in fewer than 2% of the unconfined wells.

This generalized analysis shows that overall ground water quality in the state is good, when considering these parameters.  The statewide assessment suggests that over 84% of the confined aquifers and over 76% of the unconfined aquifers meet their designated use, with coliform bacteria being the most limiting contaminant.  Excluding bacteria, 85% of the confined and 95% of the unconfined aquifers meet their designated use of providing potable water.  However, this analysis indicates that there are some ground water quality issues in the state, and, depending on the contaminant, they can occur on a localized or regional scale .  The following section describes the contaminants of concern in Florida and their observed occurrence in potable ground waters.

[bookmark: _Toc190052694][bookmark: _Toc209241279]Ground Water Quality Issues and Contaminants of Concern, Including Public Health Issues
As discussed in the analysis of ambient data, the overall quality of ground water in Florida is good.  However, there are ground water quality issues in specific areas.  Monitoring networks, private well sampling data, and water quality data from public water systems that are served by ground water were used to develop a summary of the categories of parameters that were most frequently found at levels exceeding MCLs in potable water aquifers.  These detections help shape some of the issues that pose the most significant concern to potable ground water resources.  Figure 7 provides a statewide summary of findings by contaminant category.  Table 29 provides summary information on contaminant categories in each of the state’s 29 major basins.  These categories include volatile organic compounds (VOCs), pesticides/synthetic organic chemicals (SOCs), nitrates, primary metals, salinity (as measured by sodium concentrations), and radionuclides.  The specific contaminants included in this evaluation have potable ground water MCLs.  Although not included in the summary table, trihalomethanes and bacteria are significant contaminants affecting water supplies, and they are also discussed in this section.

[bookmark: _Toc190052695][bookmark: _Toc209241280]Volatile Organic Compounds
Volatile organics can be highly mobile and persistent in ground water, and incidences of ground water contamination by VOCs are widespread.  Table 29 summarizes the numbers of water systems or wells with above-MCL detections of VOCs that have primary drinking water MCLs in aquifers used for potable supply.  The greatest numbers of public water systems with above-MCL VOC detections were in the Ocklawaha (23 systems), Middle St. Johns (16 systems), and Tampa Bay Tributaries (14 systems) Basins.  The largest numbers of MCL exceedances in private wells were in the Lower St. Johns (184), Tampa Bay Tributaries (158 wells), Sarasota Bay–Peace–Myakka (158 wells), and Middle St. Johns (139 wells) Basins.  The largest number of Status Network wells with above-MCL VOC detections occurred in the Lake Worth Lagoon–Palm Beach Coast and Sarasota Bay–Peace–Myakka Basins(5 wells each).

Benzene was the compound that most frequently exceeded MCLs in each of the three sets of water quality data.  Trichloroethene (TCE) was the second most frequently detected compound above MCLs in the PWS and WSRP datasets, closely followed by tetrachloroethene (PCE, which was the second most frequently detected compound in the state monitoring networks).  Other compounds with primary MCLs that were detected included vinyl chloride, dichloromethane, 1,1-dichloroethene, 1,2-dichloroethane, and carbon tetrachloride (in PWS systems only).  The most frequently repeated detections in public water systems occurred in the basins of southeastern Florida, with the primary compounds being vinyl chloride and TCE.



[bookmark: _Toc190005300][bookmark: _Toc209240682]Figure 7.  Statewide Summary of Contaminants of Concern in Potable Ground Water Sources
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[bookmark: _Toc190005283][bookmark: _Toc209240670][bookmark: OLE_LINK1]Table 29.  Summary of Contaminants of Concern for Aquifers Used as Potable Water Sources
	Basin—Aquifer
	Contaminant Categories and Number of Wells or Water Systems with Samples that Have Exceeded Primary Standards

	
	VOCs1
	Pesticides/SOCs2
	Nitrates3

	
	Public Water Systems7
	Private Wells (WSRP) 8
	Status/ Background/ VISA Network Wells
	Public Water Systems7
	Private Wells (WSRP) 8
	Status/ Background/ VISA Network Wells
	Public Water Systems7
	Private Wells (WSRP) 8
	Status/ Background/ VISA Network Wells

	Apalachicola–Chipola—Floridan Aquifer
	4
	17
	
	4
	645
	
	0
	43
	

	Caloosahatchee—Surficial Aquifer 
	7
	13
	1
	9
	7
	
	1
	
	

	Charlotte Harbor—Floridan Aquifer (SW)
	0
	62
	2
	3
	
	
	0
	2
	

	Choctawhatchee–St. Andrew—Floridan Aquifer
	1
	36
	1
	5
	19
	
	0
	
	2

	Everglades—Surficial Aquifer (SW)
	1
	3
	
	1
	
	
	0
	
	

	Everglades West Coast—Surficial Aquifer
	1
	5
	1
	7
	
	
	0
	6
	

	Fisheating Creek—Surficial Aquifer
	0
	2
	
	1
	2
	
	2
	
	

	Florida Keys—None
	0
	2
	
	0
	
	
	0
	
	

	Indian River Lagoon—Floridan and Surficial Aquifers
	6
	36
	
	5
	
	
	3
	
	

	Kissimmee River—Floridan, Intermediate, and Surficial Aquifers
	11
	58
	3
	21
	798
	2
	6
	1,154
	10

	Lake Okeechobee—Surficial Aquifer (SW)
	2
	6
	
	1
	
	
	0
	
	

	Lake Worth Lagoon–Palm Beach Coast—Surficial Aquifer
	9
	55
	5
	6
	4
	
	1
	
	

	Lower St. Johns—Floridan Aquifer
	7
	184
	
	5
	19
	
	3
	35
	

	Middle St. Johns—Floridan Aquifer
	16
	139
	
	21
	118
	
	16
	45
	1

	Nassau–St. Marys—Floridan Aquifer
	4
	15
	
	0
	
	
	1
	1
	

	Ochlockonee–St. Marks—Floridan Aquifer
	2
	21
	1
	3
	
	
	1
	11
	1

	Ocklawaha—Floridan Aquifer
	23
	107
	1
	54
	475
	
	12
	466
	

	Pensacola—Sand-and-Gravel Aquifer
	9
	10
	
	3
	6
	13
	2
	2
	3

	Perdido—Sand-and-Gravel Aquifer
	2
	2
	4
	1
	
	
	0
	1
	2

	Sarasota Bay–Peace–Myakka—Floridan and Surficial Aquifers
	9
	158
	5
	33
	248
	
	8
	401
	2

	Southeast Coast–Biscayne Bay---Biscayne Aquifer
	8
	120
	1
	9
	
	1
	6
	13
	2

	Springs Coast—Floridan Aquifer
	15
	22
	2
	7
	9
	1
	11
	16
	

	St. Lucie–Loxahatchee—Surficial Aquifer
	10
	135
	
	15
	
	
	2
	2
	

	Suwannee—Floridan Aquifer
	5
	120
	3
	2
	60
	
	7
	145
	5

	Tampa Bay—Floridan Aquifer
	5
	66
	
	6
	31
	
	6
	16
	

	Tampa Bay Tributaries—Floridan Aquifer
	14
	158
	
	16
	19
	
	48
	118
	

	Upper East Coast—Floridan Aquifer and Surficial Aquifer
	1
	8
	2
	3
	
	
	5
	
	

	Upper St. Johns—Floridan Aquifer and Surficial Aquifer
	1
	8
	1
	2
	
	
	0
	1
	

	Withlacoochee—Floridan Aquifer
	11
	27
	1
	29
	69
	
	7
	59
	1

	STATEWIDE SUMMARY—All results
	184
	1,595
	34
	272
	2,529
	17
	148
	2,537
	29



Notes:
1 Systems or wells with samples that exceeded MCLs for volatile organic compounds, excluding trihalomethanes and ethylene dibromide.
2 Systems or wells with samples that exceeded MCLs for pesticides (also known as synthetic organic chemicals, or SOCs).
3 Systems or wells with samples that exceeded MCLs for nitrate or nitrate+nitrite.
4 Systems or wells with samples that exceeded MCLs for primary metals.
5 Systems or wells with samples that exceeded MCL for sodium, an indicator of salinity.
6 Systems or wells with samples that exceeded MCL for radionuclides, measured as radon 226, radon 228, gross Alpha, and/or gross Beta.
7 PWS data not restricted to wells only.  Some parameter results may be for other entry points into a system, composite samples, or treated water.  Data are from systems that that operate their own wells.  While individual sample results collected for this report may exceed an action level or MCL, that exceedance does not necessarily translate directly into a violation of water delivered to the consumer (1) because of the compositing or blending of water mentioned above, or (2) because averaging with subsequent samples was below the action level or MCL.
8 Private well sampling under the WSRP is targeted sampling conducted in areas of suspected contamination, and the parameters analyzed are specific to contaminants of concern.


Table 29 (continued).  Ground Water Contaminants of Concern in Aquifers Used as Potable Water Sources
	Basin—Aquifer
	Contaminant Categories and Number of Wells or Water Systems with Samples that Have Exceeded Primary Standards

	
	Primary Metals4
	Saline Water5
	Radionuclides6

	
	Public Water Systems7
	Private Wells (WSRP) 8
	Status/ Background/ VISA Network Wells
	Public Water Systems7
	Private Wells (WSRP) 8
	Status/ Background/ VISA Network Wells
	Public Water Systems7
	Private Wells (WSRP) 8
	Status/ Background/ VISA Network Wells

	Apalachicola–Chipola—Floridan Aquifer
	25
	55
	8
	
	
	
	5
	
	

	Caloosahatchee—Surficial Aquifer 
	12
	
	8
	1
	
	4
	14
	1
	3

	Charlotte Harbor—Floridan Aquifer 
	10
	
	1
	
	2
	5
	14
	
	4

	Choctawhatchee–St. Andrew—Floridan Aquifer
	34
	3
	3
	
	
	 
	7
	
	

	Everglades—Surficial Aquifer  
	6
	
	2
	
	
	 
	4
	
	

	Everglades West Coast—Surficial Aquifer
	7
	
	16
	
	
	7
	6
	
	3

	Fisheating Creek—Surficial Aquifer
	1
	
	1
	2
	
	3
	2
	
	 

	Florida Keys—None
	0
	
	1
	
	
	 
	0
	
	 

	Indian River Lagoon—Floridan and Surficial Aquifers
	20
	6
	6
	3
	9
	2
	9
	
	1

	Kissimmee River—Floridan, Intermediate, and Surficial Aquifers
	46
	2
	34
	6
	
	4
	30
	
	4

	Lake Okeechobee—Surficial Aquifer  
	5
	2
	1
	
	
	1
	5
	
	3

	Lake Worth Lagoon–Palm Beach Coast—Surficial Aquifer
	29
	5
	10
	1
	1
	
	9
	
	

	Lower St. Johns—Floridan Aquifer
	68
	121
	19
	3
	15
	6
	8
	
	3

	Middle St. Johns—Floridan Aquifer
	48
	8
	38
	16
	15
	8
	13
	
	3

	Nassau–St. Marys—Floridan Aquifer
	16
	17
	4
	1
	
	 
	0
	
	

	Ochlockonee–St. Marks—Floridan Aquifer
	19
	7
	9
	1
	
	1
	11
	
	1

	Ocklawaha—Floridan Aquifer
	116
	71
	26
	12
	1
	1
	5
	
	3

	Pensacola—Sand-and-Gravel Aquifer
	27
	18
	20
	2
	
	 
	18
	
	17

	Perdido—Sand-and-Gravel Aquifer
	2
	1
	5
	
	
	 
	2
	
	6

	Sarasota Bay–Peace–Myakka—Floridan and Surficial Aquifers
	70
	17
	35
	8
	10
	3
	97
	
	

	Southeast Coast–Biscayne Bay–Biscayne Aquifer
	28
	54
	83
	6
	4
	7
	9
	
	7

	Springs Coast—Floridan Aquifer
	41
	54
	16
	11
	8
	6
	7
	
	 

	St. Lucie–Loxahatchee—Surficial Aquifer
	32
	18
	13
	2
	3
	4
	4
	
	1

	Suwannee—Floridan Aquifer
	38
	76
	35
	7
	3
	5
	8
	
	19

	Tampa Bay—Floridan Aquifer
	33
	17
	
	6
	3
	
	17
	
	

	Tampa Bay Tributaries—Floridan Aquifer
	121
	102
	11
	48
	4
	10
	53
	27
	

	Upper East Coast—Floridan Aquifer and Surficial Aquifer
	12
	4
	19
	5
	2
	 
	4
	
	

	Upper St. Johns—Floridan Aquifer and Surficial Aquifer
	6
	2
	16
	
	
	7
	2
	
	1

	Withlacoochee—Floridan Aquifer
	78
	132
	12
	7
	2
	9
	13
	
	

	STATEWIDE SUMMARY—All results
	950
	792
	452
	148
	82
	93
	376
	28
	79


Notes:
1 Systems or wells with samples that exceeded MCLs for volatile organic compounds, excluding trihalomethanes and ethylene dibromide.
2 Systems or wells with samples that exceeded MCLs for pesticides (also known as synthetic organic chemicals).
3 Systems or wells with samples that exceeded MCLs for nitrate or nitrate+nitrite.
4 Systems or wells with samples that exceeded MCLs for primary metals.
5 Systems or wells with samples that exceeded MCL for sodium, an indicator of salinity.
6 Systems or wells with samples that exceeded MCL for radionuclides, measured as radon 226, radon 228, gross Alpha, and/or gross Beta.
7 PWS data not restricted to wells only.  Some parameter results may be for other entry points into a system, composite samples, or treated water.  Data are from systems that that operate their own wells.  While individual sample results collected for this report may exceed an action level or MCL, that exceedance does not necessarily translate directly into a violation of water delivered to the consumer (1) because of the compositing or blending of water mentioned above, or (2) because averaging with subsequent samples was below the action level or MCL.
8 Private well sampling under the WSRP is targeted sampling conducted in areas of suspected contamination, and the parameters analyzed are specific to contaminants of concern.


[bookmark: _Toc190052696][bookmark: _Toc209241281]Synthetic Organic Chemicals/Pesticides
For SOCs used as pesticides, the largest number of MCL exceedances in public water systems occurred in the Oklawaha (54 systems).Sarasota Bay–Peace–Myakka (33 systems) and Withlacoochee (29 systems) Basins.  In private wells, the largest number occurred in the Kissimmee (798 wells), Apalachicola (645 wells), and Ocklawaha (475 wells) Basins.  The detections of agrichemicals in private wells can provide meaningful information on the presence/absence of these substances and give an indication of the aquifer’s vulnerability to pesticide use.  The number of private well exceedances can sometimes be related to the density of homesteads (unregulated rural growth versus dense rural residential developments) and their proximity to agricultural land uses or lawn/turf care practices.  Table 29 shows the distribution of MCL exceedances.

The pesticides that occurred in public water systems at above-MCL concentrations were mainly detected in the mid- to late-1980s and have since been banned from use.  Lindane, toxaphene, and methoxychlor were the pesticides most commonly detected at above-MCL concentrations in the 1980s, but have not appeared in the PWS database at above-MCL levels since the early 1990s.  These compounds, plus heptachlor, endothal, and malathion, were mainly detected in the basins where agricultural land uses are or were prevalent.  Dieldrin, another older compound, was also detected in private drinking water wells.

EDB, a nematocide used heavily in the 1980s on citrus and other croplands, was found to be highly mobile and a threat to potable ground water supplies.  In response to FDEP’s identification of this as an issue, FDOH conducted a comprehensive EDB sampling program in areas where it was suspected to have been applied.  In 16 basins, this revealed numerous private drinking water wells that were contaminated by the compound, prompting the formal delineation of ground water contamination areas.  EDB was also detected in public water systems throughout the state.  In the late 1980s, the use of EDB was banned.  New detections of EDB seldom occur; however, some private drinking water wells continue to yield samples with detectable concentrations of EDB decades after its use was discontinued.  The most recent PWS system detections of EDB above its MCL (in the late 1990s) were reported in the Tampa Bay Tributaries Basin of southwest Florida, which includes a significant agricultural area.

More recently, applied pesticides such as bromacil and alachlor were detected at levels exceeding their health advisory limits in private drinking water wells.  Bromacil has a ground water guidance concentration, and alachlor has a primary MCL.  Elevated detections of bromacil were found (mainly in the 1990s) in the citrus-growing area of central Florida, which includes parts of the Kissimmee, Tampa Bay Tributaries, Middle St. Johns, and Ocklawaha Basins.  In the 1990s, both compounds were found (along with dieldrin) at elevated levels at numerous wells in an agricultural area of Jackson County in the Apalachicola–Chipola Basin.  FDACS has since required modifications to the application of bromacil to prohibit its application from citrus areas with vulnerable soils and high leaching potential.  Alachlor is now listed as a restricted use pesticide.
[bookmark: _Toc190052697]
[bookmark: _Toc209241282]Nitrates
Nitrates above the MCL of 10 mg/L were detected in 156 public water systems, with the Tampa Bay Tributaries Basin having by far the greatest number (45 systems).  The largest number of private wells with nitrates above the MCL were found in the Kissimmee Basin (1,154 wells), followed by the Ocklawaha (466 wells) and Sarasota Bay–Peace–Myakka (401 wells) Basins.  Several status wells also had nitrate above MCLs, with the largest number in the Kissimmee Basin (10 wells).  These are all summarized in Table 29.

The basins with the highest number of above-MCL detections in water systems and wells include large citrus-growing areas or areas where citrus was previously grown on top of vulnerable aquifers.  The area of the Kissimmee Basin that has the highest number of above-MCL concentrations of nitrate in private wells is the ridge citrus area along the basin’s western edge.  In the early 1990s, FDACS began implementation of a BMP program for growers in the ridge citrus area to use fertilizers more efficiently and reduce nitrate concentrations in ground water.  It is hoped that this program will eventually reduce the number of nitrate exceedances in wells.
[bookmark: _Toc190052698]
[bookmark: _Toc209241283]Primary Metals
Metals with primary drinking water MCLs include arsenic, barium, beryllium, cadmium, chromium, lead, mercury, nickel, and selenium.  Table 29 summarizes the detections of primary metals above their MCLs.

Approximately 1,000 public water systems reported one or more primary metals exceeding an MCL, which may be misleading since elevated metals in public water systems are often due to the materials containing and conveying the water rather than actual concentrations in the ground water.  Metal well casings, piping, storage tanks, and plumbing fixtures, in addition to sampling techniques, often cause bias in the analysis of ground water samples for metals.  Lead and cadmium are the most frequently detected metals at above-MCL concentrations in public water systems, and both metals are very frequently associated with impurities in water distribution and storage systems.  Galvanized coatings on metal surfaces, paint, and lead solder are documented sources of metals contamination in water systems.  The Tampa Bay Tributaries (121 systems) and Ocklawaha (116 systems) Basins have the greatest number of water systems with above-MCL detections, primarily for lead and cadmium.  Results from resampling frequently show that the ground water is actually not affected by these metals.

In private drinking water wells, the metals most frequently exceeding MCLs are arsenic and lead.  The basins with the greatest number of exceedances are the Withlacoochee (132 wells), Lower St. Johns (121 wells), and Tampa Bay Tributaries (102 wells) Basins.  Lead, again, may be an artifact of well materials, piping, or plumbing fixtures, but arsenic is not typically associated with any of these.  The resampling of private water wells usually reveals that there is no actual ground water problem with lead.  The majority of the wells in FDEP’s Status/Background/VISA Networks that exceed MCLs for metals exceed the MCL for lead, followed by arsenic, with a smaller number exceeding the MCL for cadmium.  Many of the reported concentrations for metals in FDEP’s Status Network are qualified due to the potential influence of well materials, lead water level recorder weights, and/or sampling problems.

Future monitoring will help FDEP determine the extent to which elevated metals detections actually represent ground water quality.  However, for public water systems and private wells, the materials composing the water storage and distribution systems, piping, and fixtures will continue to pose a challenge to the interpretation of data for metals.  Differentiating natural sources from contaminating influences is another issue.  Arsenic, in particular, can on occasion exceed its MCL of 10 g/L due to natural conditions.  

[bookmark: _Toc190052699][bookmark: _Toc209241284]Radionuclides
In Florida, most elevated radionuclide levels are due to natural conditions, but these conditions may still pose a significant health concern.  Radionuclides occur naturally as trace elements in rocks and soils as a consequence of the radioactive decay of uranium-238 (U-238) and thorium-232 (Th-232).  Elevated radionuclide levels occur most commonly from phosphate that is prevalent in Miocene-age clay deposits present throughout much of the state.  Radionuclides measured in ground water include gross Alpha, gross Beta, radium 226, and radium 228.  Gross Alpha is the most commonly measured parameter.  Table 29 summarizes radionuclide detections in public water systems and wells.

Public water systems in the west-central area of the state have the greatest incidence of MCL exceedances for radionuclides.  The Sarasota Bay–Peace–Myakka (97 systems) Basin, followed by the Tampa Bay Tributaries (53 systems), and the Kissimmee River (30 systems) Basins lie within one of the 3 largest phosphate-mining areas in the world; this area includes large areas of Manatee, Sarasota, Polk, and Hillsborough Counties.  The health department infrequently samples private wells for radionuclides.  The highest number of detections above MCLs was found in the Tampa Bay Tributaries Basin (27 wells).

The Suwannee (19 wells) and Pensacola (17 wells) Basins had the greatest number of radionuclide exceedances, although few private wells have been sampled for this parameter category.
[bookmark: _Toc190052700]
[bookmark: _Toc209241285]Saline Water 
The intrusion of saline water is a well-documented concern in coastal areas of the state where a wedge of salt water migrates laterally inshore as discharge from supply wells increases.  However, recent data indicate that these are not currently the areas with the greatest number of issues.  In other areas that lie more inland, the upconing of brackish water from deeper zones seems to be more of an issue.  In this assessment, an exceedance of the MCL for sodium was used as an indicator of possible saline water intrusion or upwelling.  Table 29 summarizes these results.

Elevated sodium concentrations were noted in samples from public water systems in the Tampa Bay Tributaries (48 systems), Middle St. Johns (16 systems), and Ocklawaha (12 systems) Basins.  Public drinking water supplies in the 3 basins with highest number of sodium exceedances are in high-growth areas of the state where consumptive use is beginning to exceed aquifer capacity.  In these basins, overpumpage has resulted in upconing from deeper zones in the Floridan aquifer that are saline.  The increase in population in many of these areas is creating stress on potable ground water supplies, and water resource managers and public water utilities have begun to look for alternative supplies to continue providing potable water to their customers.  Private wells in the Lower St. Johns (15 wells), Middle St. Johns (15 wells), and Sarasota Bay–Peace–Myakka (10 wells) Basins have also been affected by increases in aquifer salinity.

[bookmark: _Toc190052701][bookmark: _Toc209241286]Trihalomethanes
Chlorination is a disinfection treatment practiced by many public water systems to remove potentially harmful bacteria.  Unlike a number of states, Florida requires disinfection.  Trihalomethanes (THMs) are an unfortunate byproduct of chlorinating source water that contains organic matter.  Chloroform, dibromochloromethane, bromodichloromethane, and bromoform are the most common THMs found in treated water.  Basins with the most apparent influence by THMs (based on primary MCL exceedances) include Middle St. Johns (20 systems), Lake Worth Lagoon–Palm Beach Coast (19 systems), Everglades West Coast (11 systems), and Upper East Coast (11 systems).  Many public water systems are using alternative disinfection methods (such as the use of chloramine) to reduce or eliminate the creation of THMs.

[bookmark: _Toc190052702][bookmark: _Toc209241287]Bacteria (Coliform)
Bacteria are not typically a concern to public water systems, because the water is disinfected before distribution.  However, the bacterial contamination of private wells is an ongoing issue that is being addressed by FDOH.  Unfortunately, the number of bacterial exceedances in private drinking water wells is poorly documented and not maintained in a central database.  Of all water quality issues evaluated, bacterial contamination, as indicated by elevated total and/or fecal coliform counts, is the most prevalent issue in ground water samples collected from the Status Network monitoring wells.  Over one-third of the basins had significant exceedances of MCLs or health advisory levels for total and/or fecal coliform, indicating potential public health issues in some of these cases.  

However, the significance of these findings must still be determined.  High bacterial counts may be caused by improper well construction, poor hygiene at the wellhead, animal waste or septic tank issues and/or flooding, and the surface water infiltration of a water system.  These considerations highlight the fact that individual well assessments are necessary, and that in many cases, bacterial contamination is localized and may not be an issue outside of the individual wells themselves.

[bookmark: _Toc190052703][bookmark: _Toc209241288]Summary of Ground Water Contaminant Sources 
The EPA’s 2004 Florida Source Water Assessment identified the top five potential sources of contamination in Florida.  These are (1) underground storage tanks (not leaking); (2) gasoline service stations (including historical gas stations); (3) municipal sanitary waste treatment and disposal (commercial, domestic, and industrial waste); (4) known contamination sites/plumes (equivalent to FDEP’s delineated areas); and (5) drycleaning facilities.  Several of these have commonly been the focus of waste cleanup and monitoring activities in Florida.  However, there are also instances where ground water has been degraded as the result of nonpoint activities.  This section discusses the most significant ground water degradation sources, based on waste cleanup, monitoring, and restoration actions taken by FDEP and other agencies concerned with ground water quality.

[bookmark: _Toc190052704][bookmark: _Toc209241289]Petroleum Facilities
FDEP’s Storage Tank Contamination Monitoring (STCM) database contains information on all storage tank facilities registered with FDEP and tracked for active storage tanks, storage tank history, or petroleum cleanup activity.  Currently, the STCM database lists approximately 61,000 registered petroleum storage tanks, and it shows that approximately 14,000 storage tank facilities have documented ground water contamination by petroleum constituents.  Petroleum sites and petroleum problems are concentrated in the most populated areas of the state, as well as along major transportation corridors.  The main petroleum constituents found in ground water are benzene, toluene, ethylbenzene, xylenes, and methyl tert-butyl ether.  Contaminants at older petroleum sites may also contain lead and EDB.

Florida’s Petroleum Cleanup Program encompasses the technical oversight, management, and administrative activities necessary to prioritize, assess, and clean up sites contaminated by the discharges of petroleum and petroleum products from stationary petroleum storage systems.  These sites include those determined to be eligible for state-funded cleanup using preapproval contractors designated by the property owner or responsible party and state lead contractors under direct contract with FDEP, as well as nonprogram or voluntary cleanup sites funded by responsible parties.

[bookmark: _Toc190052705][bookmark: _Toc209241290]Drycleaning Solvent Facilities
Approximately 1,400 drycleaning facilities (mainly retail) have signed up for eligibility for contaminant cleanup under FDEP’s Drycleaning Solvent Cleanup Program (DSCP) due to evidence of contamination.  Of those, approximately 200 are actively being assessed and may be under remedial action.  Drycleaning solvent constituents (PCE, TCE, dichloroethenes, and vinyl chloride) are among the most mobile and persistent contaminants in the environment.

The Florida legislature has established a state-funded program, administered by FDEP, to clean up properties that are contaminated as a result of the operations of a drycleaning facility or wholesale supply facility (Chapter 376, F.S.).  The drycleaning industry sponsored the statute to address environmental, economic, and liability issues resulting from drycleaning solvent contamination.  The program limits the liability of the owner, operator, and real property owner of drycleaning or wholesale supply facilities for cleaning up drycleaning solvent contamination, if the parties meet the eligibility conditions stated in the law.

[bookmark: _Toc190052706][bookmark: _Toc209241291]Federal and State Waste Cleanup and Monitoring Sites
The Federal Superfund Program (authorized under the Comprehensive Environmental Response Compensation and Liability Act [CERCLA]) and Florida’s Hazardous Waste Site Cleanup Program were developed to provide mechanisms for addressing contamination on uncontrolled or abandoned hazardous waste sites.  In the state, there are currently 50 Superfund sites on the National Priorities List (NPL) and 72 sites on Florida’s Hazardous Waste Cleanup Program list.  Many of these sites have documented ground water contamination.

[bookmark: _Toc190052707][bookmark: _Toc209241292]Nonpoint Sources
Degraded ground water quality is sometimes not associated with a single contaminant source but instead may be related to multiple sources or land use practices in an area.  In many cases, the cumulative effect of human activities through leaching from nonpoint sources of pollution, such as septic tanks or fertilizer applications, creates ground water quality problems.  In many urban areas of the state, ground water (including sinkholes and permitted injection wells) receives untreated stormwater runoff from urban areas and roadways.  Ground water is particularly vulnerable in areas of karst, where these discharges have a direct, unfiltered pathway to the drinking water resource.  In other areas, wastewater applications, septic tank leachate, right-of-way maintenance, and residential landscaping fertilization activities can degrade ground water quality and cause potential problems in karst areas where springs discharge.  Additionally, the leaching of fertilizers and pesticides from agricultural lands has had a significant impact on ground water quality.  

Unfortunately, the potable ground water resource in some areas dominated by agricultural activities is often susceptible to direct impacts by fertilizer and agrichemical use.  The ridge citrus area in central Florida provides an example of an area with known nitrate impacts to ground water.  The citrus growers in this area are now addressing nonpoint impacts through the Agricultural Nonpoint Source Program, using voluntary fertilizer management practices as a primary BMP.  This work is serving as a model for the implementation of BMPs to protect ground water from contamination caused by the use of fertilizers and pesticides on urban lands.  These more-refined BMP programs should reduce the nutrient contamination of ground water.

[bookmark: _Toc190052708][bookmark: _Toc209241293]Ground Water–Surface Water Interaction
[bookmark: _Toc190052709][bookmark: _Toc209241294]Setting and Pathways 
The free exchange between ground water and surface water in Florida cannot be overemphasized.  As mentioned previously, spring-fed stream systems can depend almost entirely on ground water discharge.  Canals can also contain mostly ground water.  Other streams and lakes may receive over half of their total inflows via ground water seepage, and natural estuaries rely on ground water seepage as a significant source of fresh water.  In areas where the Floridan aquifer system is near the surface, and in southern parts of the state where porous limestone exists near the surface, conduit systems in the limestone material efficiently deliver ground water to streams and canals at high rates.  In other areas of the state, ground water discharge occurs as seepage from the surficial aquifer system.

[bookmark: _Toc190052710][bookmark: _Toc209241295]Ground Water Parameters of Concern for Impaired Surface Waters 
Nutrients, DO, and iron are the parameters of greatest concern identified in basin-scale evaluations of ground water influence on impaired or potentially impaired surface waters.  Table 30 summarizes the median concentrations of these parameters in unconfined aquifers of the state’s 29 major basins.  The table also compares these ground water medians with the statewide medians for surface water types.

Relatively low concentrations of nitrate and phosphorus can create nutrient imbalances in surface water and contribute to impairments.  Nitrate in ground water is associated with anthropogenic sources such as atmospheric deposition, fertilizers, animal waste, and human wastewater.  Elevated nitrogen concentrations are of particular concern to fragile surface water systems such as spring runs.  As discussed previously, phosphorus occurs naturally throughout the state, and its natural occurrence in ground water is attributed to ground water contact with mineral phosphate in the aquifer material.  It can also be derived from organic material such as peat or from phosphatic shell beds.  The more common anthropogenic sources of phosphorus include fertilizers, animal waste, and domestic wastewater/residuals.



[bookmark: _Toc190005284][bookmark: _Toc209240671]Table 30.  Median Concentrations of Ground Water–Surface Water Constituents
in Unconfined Aquifers (2000–07)
	Basin
	Median Concentrations in Unconfined Aquifers 1, 3

	
	Nitrite+Nitrate 
(mg/L)
	Phosphorus 
(mg/L)
	DO 
(mg/L)
	Total Iron (g/L )

	
	Cycle 1
Dissolved
	Cycle 2
Total
	Cycle 1
Dissolved
	Cycle 2
Total
	2000–07
	2003–07

	Apalachicola–Chipola
	0.23
	2.35
	0.005
	0.0135
	5.725
	20.5

	Caloosahatchee
	0.002
	0.0055
	0.0495
	0.0425
	0.535
	1,140

	Charlotte Harbor
	0.002
	0.01
	0.031
	0.0485
	0.58
	900.5

	Choctawhatchee–St. Andrew Bay
	0.645
	0.16
	0.0065
	0.008
	4.065
	67.5

	Everglades
	0.002
	N/A
	0.021
	N/A
	0.235
	N/A

	Everglades West Coast
	0.002
	0.0065
	0.018
	0.047
	0.32
	819

	Fisheating Creek
	0.005
	0.007
	0.035
	0.0275
	0.51
	158

	Florida Keys
	0.017
	N/A
	0.037
	N/A
	0.19
	N/A

	Indian River Lagoon
	0.009
	0.007
	0.35
	0.86
	0.755
	1100

	Kissimmee River
	0.01
	0.0375
	0.86
	0.0435
	0.87
	372

	Lake Okeechobee
	0.002
	0.002
	0.4525
	0.26
	0.295
	569

	Lake Worth Lagoon–
	0.007
	
	0.057
	
	0.23
	207

	Palm Beach Coast
	
	0.002
	
	0.0515
	
	

	Lower St. Johns 
	0.002
	0.009
	0.044
	0.047
	0.59
	317

	Middle St. Johns 
	0.013
	0.02
	0.045
	0.04
	1.24
	793

	Nassau–St. Marys
	0.006
	0.007
	0.027
	0.065
	0.82
	396

	Ochlockonee–St. Marks 
	0.0305
	0.086
	0.017
	0.024
	2.81
	197.5

	Ocklawaha
	0.66
	0.27
	0.051
	0.1
	3.6
	382

	Pensacola
	0.28
	0.445
	0.002
	0.002
	7.46
	54

	Perdido
	0.825
	N/A
	0.0035
	N/A
	5.15
	N/A

	Sarasota Bay–Peace–Myakka
	0.01
	0.009
	0.12
	0.26
	1.14
	1,510

	Southeast Coast–Biscayne Bay
	0.0205
	0.0085
	0.025
	0.008
	2.92
	528

	Springs Coast
	0.0125
	N/A
	0.0285
	N/A
	0.4
	N/A

	St. Lucie–Loxahatchee
	0.0095
	0.01
	0.0385
	0.096
	0.17
	934

	Suwannee
	0.03
	0.015
	0.045
	0.058
	1.18
	429

	Tampa Bay
	0.01
	0.0095
	0.04
	0.0395
	0.54
	512

	Tampa Bay Tributaries
	0.016
	0.018
	0.057
	0.088
	1.01
	962

	Upper East Coast
	0.006
	5.5
	0.205
	1.1
	0.32
	55

	Upper St. Johns
	0.002
	0.002
	0.0685
	0.25
	0.8
	805.5

	Withlacoochee
	0.081
	0.02
	0.053
	0.056
	0.73
	1,210

	Ground Water Statewide Median
	0.01
	0.01
	0.035
	0.0425
	0.815
	454

	Statewide Medians for Surface Water2

	Lake
	0.02
	0.03
	7.66
	158

	Stream
	0.07
	0.08
	5.53
	200

	Estuary
	0.01
	0.02
	7.2
	N/A


Notes:
N/A – Not available.

1 Values highlighted in gray exceed medians for at least one waterbody type; values highlighted in yellow exceed medians for all surface water types.
2 Obtained from Typical Water Quality Values for Florida’s Lakes, Streams, and Estuaries (Draft), May 2004.  Nitrate+nitrite and phosphorus threshold values for surface waters are based on total rather than dissolved concentrations.
3 Data used for this assessment were sampled between 2000 and 2007 and mainly include the Status and Trend Network's Cycle 1 (2000–04) and Cycle 2 (2004–07) basin monitoring.  The analytes and list frame of wells used by the Status Network's probabilistic design differed for the cycles.  The Cycle 1 well list frame included a relatively larger population of background wells, while the Cycle 2 well list frame included a significantly greater number of upgradient facility wells.  DO was sampled during both cycles and total iron was only sampled during Cycle 2 of the Status Network.



Low DO is a normal characteristic of ground water.  Depressed DO in springs, spring runs, spring-fed rivers, and many drainage canals is primarily or entirely attributable to ground water inflows.  In instances where ground water contributions to surface waterbodies are high, low DO is a typical consequence.

Iron is another ground water constituent that occurs naturally due to the leaching of ferric iron from iron-rich clay soils and sediment.  Iron in the environment also has an affinity for organic materials.  Streams that are high in iron concentration typically have a high to moderate ground water component, low DO, and high dissolved organic carbon content. 

[bookmark: _Toc190052711][bookmark: _Toc209241296]Springs and Spring-related Issues 
Elevated nitrates are a common and growing problem in Florida springs, with steady rises in nitrate levels observed in many Florida springs over the past 30 years (Florida Springs Task Force, 2000).  Nitrate was once a very minor constituent of Florida spring water.  Typical nitrate concentrations were less than 0.2 mg/L.  Today many Florida springs discharge water that has more than 1.0 mg/L of nitrate nitrogen.  It is believed that nitrate nitrogen levels as low as 
1 mg/L or less can cause a significant shift in the balance of spring ecological communities, leading to the degradation of biological systems due to the overgrowth of algae and sometimes aquatic plants.

There is currently no statewide adverse-effects threshold for nitrate for Florida, although several science-based values have been offered that can be used for reference purposes.  In an FDEP-funded study, Michigan State University researchers determined that algal species reductions occurred at nitrate concentrations below 0.591 mg/L for the algal genus Vaucheria spp. and below 0.250 mg/L for the more prevalent Lyngbya wollei (Stevenson et al., 2007).  Another reference threshold was provided in documentation supporting spring run–related TMDLs for the Wekiva River and Rock Springs Run by FDEP (Gao, 2007).  The Wekiva River/Rock Springs Run TMDL was based on a nitrate threshold of 0.286 mg/L, established at a level that would reduce overall periphyton biomass concentration to an acceptable level.

For this evaluation, FDEP used spring water quality data provided by the Springs Initiative special projects and quarterly monitoring network (2000–06).  Table 31 lists these reference springs, along with median values for nitrate.  A reference spring in this report is defined as having a nitrate median concentration less than 0.06 mg/L.  Some of the springs listed in Table 31 have limited data and require additional sampling in the future to confirm their inclusion in the list of reference springs.

The statewide spring data were combined and compared with the reference springs for nutrients.  The period of record for statewide nitrate nitrogen data is 1985 to 2007; however, most springs only have data from 2000 to 2006.  The statewide median nitrate value was over 50 times higher than the median value for reference springs.  The first-magnitude springs were also compared with the reference springs and have a similar result.  

The trends in water quality for springs are best analyzed by looking at the data for individual springs or groups of springs that are in close proximity and comparing them with reference springs (Figure 8).  Some springs were organized by clusters or groups to increase the number of sampling events.  For the empirical trend analysis in this report, only the data from the 2000 to 2006 period of monitoring implemented by the Springs Initiative were used.  There could be several contributing factors to observable trends, but the overall increases in nitrate are associated with anthropogenic sources.  Essentially no nitrate trends were identified in the reference springs, where the primary source of nitrate is assumed to be atmospheric deposition.  Nitrate trends for most other springs, especially those springs with the highest nitrate concentrations in the state, show measurable increases.

Nitrate concentrations in spring clusters or springs that had at least 10 observations over at least four years were plotted over time to observe trends.  The spring clusters or springs were categorized by the magnitude of the nitrate impact into five groups.  Nitrates in Kings Homosassa, Rock, and Kings Bay Springs are elevated, but there seem to be no distinct trends over the four-year period.  All other springs had increasing nitrate nitrogen concentrations, with Fanning, and Jackson Blue at the highest levels.


[bookmark: _Toc190005285][bookmark: _Toc209240672]Table 31.  Reference Springs and Statewide Medians for Nitrate Nitrogen
	Spring
	Basin
	County
	Spring Magnitude1
	Total Nitrate-N Median 
(mg/L)

	Green Cove Springs
	Lower St. Johns
	Clay
	2
	0.002

	Beecher Spring
	Middle St. Johns
	Putnam
	2
	0.002

	Copper Spring
	Suwannee
	Dixie
	2
	0.002

	Holton Creek Rise2
	Suwannee
	Hamilton
	1
	0.002

	Orange Spring (Marion)
	Ocklawaha
	Marion
	3
	0.002

	Suwannee Springs
	Suwannee
	Suwannee
	2
	0.002

	Newport Spring
	Ochlockonee–St. Marks
	Wakulla
	3
	0.005

	Waldo Spring
	Suwannee
	Taylor
	3
	0.007

	Warm Mineral Spring
	Sarasota Bay–
Peace–Myakka
	Sarasota
	3
	0.013

	Santa Fe Spring (Columbia)
	Suwannee
	Columbia
	1
	0.023

	Nutall Rise2
	Suwannee
	Taylor
	1
	0.029

	Silver Glen Springs
	Middle St. Johns
	Marion
	1
	0.049

	Alexander Springs
	Middle St. Johns
	Lake
	1
	0.053

	Washington Blue Spring (Choctawhatchee)
	Choctawhatchee–
St. Andrew
	Washington
	2
	0.054

	Steinhatchee River Rise2
	Suwannee
	Dixie
	1
	0.056

	Santa Fe River Rise (Alachua) 2
	Santa Fe River
	Alachua
	1
	0.058

	Reference Springs
	Overall Median
	0.01

	Statewide Springs
	Overall Median
	0.58

	First-magnitude Springs
	Overall Median
	0.60


Notes:
1 Spring magnitude based on discharge.  First-magnitude (1) springs have an average discharge greater than100 cfs; second-magnitude (2) springs have an average discharge of 10 to 100 cfs.  Third-magnitude (3) springs have flows in the range of 1 to 10 cfs.
2 River rises are included for informational purposes.  A river rise is a re-emergence of ground water through a karst feature, a part or all of whose waters are derived from surface inflow.  



[bookmark: _Toc190005301][bookmark: _Toc209240683]Figure 8.  Comparison of Nitrate Trends for Selected Springs (2000–06)


Notes:  
Springs in bold are included in FDEP routine monitoring.
Springs in italics represent groups or clusters of springs.
REF Reference spring selected by lowest nitrates statewide.
** Springs Initiative–monitored spring with elevated nitrate and an increasing trend.
*  Springs Initiative–monitored spring with elevated nitrate and a decreasing trend. 
- Springs Initiative–monitored spring with elevated nitrate and no discernable trend. 

The data used for this assessment were partly from special projects and quarterly monitoring for the Springs Initiative (2000–06).  Some springs not routinely sampled in the quarterly monitoring may have issues with data sufficiency and were not included in the trend analyses.  


A group of 36 springs was used to compare historical, 30-year-old nitrate data with recent quarterly sampling data.  Median values were calculated for the comparison.  Thirty years ago, nitrates were already a concern in Florida’s springs, with the majority of the springs with nitrate concentrations higher than background and proposed thresholds.  The more current data for the same springs show that nitrate levels have increased in most of the springs originally having nitrate.  Also, during this 30-year period, the combined median value for nitrate has more than doubled for these springs.  Figure 9 shows the historical and recent median nitrate levels in representative springs in Florida.



[bookmark: _Toc190005302][bookmark: _Toc209240684][image: ]Figure 9.  Comparison of Recent and Historical Nitrate Concentrations in Florida Springs

Note:  Historical data are pre-1970; recent data are from 2000–06 sampling.


Figure 10 shows the distribution of nitrate concentrations in individual springs and spring clusters.  The water quality evidence indicates that elevated nitrate concentrations are often associated with relatively near-field sources that lie within spring recharge areas (or springsheds).  Typical sources include chemical fertilizers associated with agriculture, lawns, and turfgrass, and organic sources such as domestic wastewater and animal waste.  


[bookmark: _Toc190005304][bookmark: _Toc209240685]Figure 10.  Distribution of Nitrate Concentrations in Springs Monitored by FDEP
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		Figure 8.  Comparison of Spring Nitrate Trends

		SPRING NITRATE IMPACTS (2000-2007)

		LOW		MODERATE		HIGH		VERY HIGH		EXTREME

		(0-0.2 mg/L)		(>0.20-0.50 mg/L)		(>0.50 - 1 mg/L)		(>1.0 - 3.0 mg/L)		(>3.0 - 10.0 mg/L)				TREND SERIES?

				ALLEN MILL POND		ARIPEKA				APOPKA*				x

								BRANFORD		CONVICT				NOT ENOUGH DATA

						CHASSAHOWITZKA**								X

		COLUMBIA		BRUNSON LANDING		DELEON (VOLUSIA)*		DEVIL'S EAR (GILCHRIST)**		HAYS (JACKSON)				NOT ENOUGH DATA

						DOUBLE (JACKSON)		FALMOUTH		JACKSON BLUE**				NOT ENOUGH DATA

				CYPRESS*		GADSEN (JACKSON)		GILCHRIST BLUE		RUTH (LAFAYETTE)				X

						GEMINI				SHANGRI-LA				X

				GATOR (HERNANDO)		GUARANTO		HART						NOT ENOUGH DATA

				HOLMES BLUE		GULF HAMMOCK								X

		MORRISON		HORN										X

				HORNSBY**		ICHETUCKNEE**		LITHIA/BUCKHORN**						NOT ENOUGH DATA

				KINGS BAY -		LEVY BLUE		MADISON BLUE**						NOT ENOUGH DATA

		POE		NATURAL BRIDGE		LITTLE (HERNANDO)		MANATEE**						NOT ENOUGH DATA

		ROSSETER		FENNEY		LITTLE RIVER		MEARSON						NOT ENOUGH DATA

		SALT (MARION)		PONCE DE LEON		MILL POND (JACKSON)		OTTER						X

				RHODES		ROCK BLUFF		OWENS						NOT ENOUGH DATA

				SALT (HERNANDO)		SPRINGBOARD		RAINBOW**						x

		SPRING CREEK		SANLANDO		VOLUSIA BLUE*		ROCK (ORANGE) -						X

				SHEPHERD		WAKULLA*		RUNNING						NOT ENOUGH DATA

		TREEHOUSE		STARBUCK		WEEKI WACHEE**		SUN						NOT ENOUGH DATA

				SULPHUR CAVE				SILVER-						NOT ENOUGH DATA

				SUWANACOOCHEE				TELFORD CAVE						NOT ENOUGH DATA

		WASHINGTON BLUE		TURTLE				TROY**						NOT ENOUGH DATA

				WACISSA**

		WASHINGTON BLUE (ECONFINA)												NOT ENOUGH DATA

		WELAKA												NOT ENOUGH DATA

		WILLIFORD												NOT ENOUGH DATA

		1/ River rises were not included.

		2/  Individual spring not part of any group or cluster

		REF/ Reference spring selected by lowest nitrates statewide.

		**  Elevated and trend increasing

		*  Elevated and trend decreasing

		-  Elevated but stable

		NOTES:  The data used for this assessment was partly from special projects and quarterly monitoring for the Springs Initiative (2000-2007).  Springs included in the Springs Initiative Quarterly monitoring network are emboldened.  Some springs not routinel





NUMBER SAMPLES

		Figure 8.  Comparison of Spring Nitrate Trends

		SPRING NITRATE IMPACTS (2000-2007)

		CLUSTER/GROUP OR INDIVIDUAL SPRINGS /1

		LOW		#		MODERATE		#		HIGH		#		VERY HIGH		#		EXTREME		#										NOTE - OGWIS NAMES BLUE HOLE (JACKSON) JACKSON BLUE

		(0-0.2 mg/L)				(>0.20-0.50 mg/L) Increasing				(>0.50 - 1 mg/L) Increasing				(>1.0 - 3.0 mg/L) Increasing				(>3.0 - 10.0 mg/L) Increasing												MISSING BAT010C1		BATHTUB

																										MAGNOLIA SPRING		ARIPEKA SPRINGS CLUSTER		MISSING DOG010C1		DOGWOOD

		ALEXANDER  2 REF		20		ALLEN MILL POND 2		1		ARIPEKA		1		BONNET  2		1		APOPKA  2		10						ARIPEKA SPRING #1		ARIPEKA SPRINGS CLUSTER		MISSING FLO 259 775 0		HOMOSASSA SPRING RUN

		BEECHER 2 REF		1		BECKTON  2		1		BUGG (LAKE)  2		1		BRANFORD  2		3		CONVICT 2		1						ARIPEKA SPRING #2		ARIPEKA SPRINGS CLUSTER		JUL010C		JULY - RUN

		BIG SPRING (JEFFERSON) 2		18		BLACK (JACKSON)  2		1		CHASSAHOWITZKA		20		CRYSTAL (PASCO) 2		1		FANNING 2		15						BOAT SPRING		ARIPEKA SPRINGS CLUSTER

		COLUMBIA  2		1		BRUNSON LANDING 2		1		DELEON (VOLUSIA) 2		11		DEVIL'S EAR (GILCHRIST)		16		HAYS (JACKSON) 2		1										SAW010C1		SAWDUST		RUN

		COPPER  2 REF		11		CORDLE 2		1		DOUBLE (JACKSON) 2		1		FALMOUTH 2		3		JACKSON BLUE* 2		21										SBL010C1		SUWANNEE BLUE		RUN

		FERN HAMMOCK 2		6		CYPRESS  2		11		GADSEN (JACKSON) 2		1		GILCHRIST BLUE 2		2		RUTH (LAFAYETTE) 2		2										RUM010C1		RUM ISLAND SPRING		RUN

		GAINER GROUP		60		ELLAVILLE 2		1		GEMINI		1		GINNIE 2		2		SHANGRI-LA 2		1										TWN010C1		TWIN SPRING		RUN

		GREEN COVE 2 (REF)		1		GATOR (HERNANDO) 2		1		GUARANTO 2		1		HART 2		1														WHAT IS  NATURAL WELLS

		JUNIPER (REF) 2		11		HOLMES BLUE 2		2		GULF HAMMOCK		1		LAFAYETTE BLUE 2		14										ADDED ROCK SPRINGS

		MORRISON 2		8		HORN 2		1		HOMOSASSA*		61		LETTUCE LAKE		1										ADDED CRYSTAL (PASCO)

		NEWPORT 2 REF		1		HORNSBY 2		3		ICHETUCKNEE *		41		LITHIA/BUCKHORN		11										ADDED ARIPEKA - ONLY MAGNOLIA DATA

		ORANGE (MARION) 2 REF		1		KINGS BAY GROUP				LEVY BLUE 2		1		MADISON BLUE 2		14										ADDED MEARSON

		POE 2		1		NATURAL BRIDGE 2		1		LITTLE (HERNANDO) 2		1		MANATEE 2		18

		ROSSETER 2		1		FENNEY 2		1		LITTLE RIVER 2		2		MEARSON 2		2										ADDED SALT (HERNANDO)

		SALT (MARION) 2		11		PONCE DE LEON 2		2		MILL POND (JACKSON) 2		1		NATURAL WELLS		1										ADDED SHEPHERD - OGWIS NAME MISSPELLED SHOULD BE SHEPPARD

		SANTA FE (COLUMBIA) 2 REF		1		RHODES		4		ROCK BLUFF 2		1		OTTER 2		1										ADDED SUN

		SILVER GLEN 2 REF		20		SALT (HERNANDO) 2		1		SPRINGBOARD 2		1		OWENS 2		1										DIDN'T USE HOLMES CREEK SPRINGS CLUSTER - TOO MUCH DIFF BETWEEN BECKTON AND WASH BLUE (CHOC)

		SPRING CREEK GROUP		35		SANLANDO 2		1		VOLUSIA BLUE 2		20		RAINBOW		59										DIDN'T USE INDIAN CREEK CLUSTER - NO DATA

		SUWANNEE REF		1		SHEPHERD 2		1		WAKULLA*		43		ROCK (ORANGE) 2		14										PANASOFSKEE - ONLY HAD FENNEY SO USED IND SPRING NAME

		TREEHOUSE 2		1		STARBUCK 2		1		WEEKI WACHEE		46		RUNNING		2

		WALDO 2 REF		3		SULPHUR CAVE								SUNN 2		1

		WARM MINERAL 2 REF		2		SUWANACOOCHEE 2		1						SILVER		20

		WASHINGTON BLUE (CHOCTAWHATCHEE)  2  REF		2		TURTLE 2		1						TELFORD CAVE		2

		WASHINGTON BLUE (ECONFINA) 2		2		WACISSA		19						TROY 2		13

		WELAKA 2		2										WEKIWA (ORANGE) 2		29

		WILLIFORD 2		2

		NOTE:  Spring clusters/groups are highlighted.
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