Chapter 3 - Ground Water Quality Assessment

Ground Water Data Sources

FDEP established a ground water quality monitoring network in 1984, under the authority and direction of the 1983 Water Quality Assurance Act.  From 1985–99, 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 the water quality over areas defined as reporting units.  Since FDEP initiated the watershed management approach, the surface water basins have become the state’s ground water quality assessment units.  The Status Network and Background Network, and the additional sources described below in Table G1, were the data sources used in the ground water quality assessment for this report.  
[include brief discussion on Hydroport data retrieval and stats system [NOTE:  The introduction and general discussion of the GRI and SRA occurred in Chapter 1.  I only added HYDROPORT information here.
FDEP developed a data retrieval system to automate the retrieval and statistical assessment of the ground water quality throughout the state.  The statistics reports from this data retrieval system, known as HYDROPORT, are provided in Appendix ??,  The data is trimmed for artifacts and extreme outliers consistent with the guidelines in Harrington, 2003.  The statistics are based on the maximum value per well when there are multiple samples from the same station.  

Table G1.  Summary of Ground Water Data Sources

	Monitoring Network or Program
	Period
	Description [make descriptions, e.g., no. wells, etc. pertinent to Ochlockonee-St.Marks [Note:  all of these are pertinent to this basin]]

	Status Network
	1999–ongoing
	Statewide network of over 1,100 water wells per cycle.  Main source of data used in statewide assessment.  Probabilistic sampling network for surface water and ground water data  started with a four-year cycle (1999) with reporting units and changed to  a five-year cycle (2004) with watershed basins.  Sample locations are randomly selected from a list frame of wells.  Stations in a reporting unit or basin:  30 unconfined and 30 confined aquifers.  Data to characterize water quality on a basinwide scale, and parameters monitored correspond with those targeted in surface water evaluation.

	Background Network
	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 three years for an extensive list of analytes.

	Temporal Variability (TV) Subnetwork
	1985–99
	Initially included 188 wells sampled monthly to quarterly to quantify seasonal and long-term temporal changes in ground water quality.  Number of TV wells decreased to 38 over the period of the project.

	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 hydrological 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 twenty-three selected areas of the state.  Individual VISAs consisted of approximately 20 wells sampled three times over an eleven-year period.  Sampled for a targeted list of analytes..

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

	FDOH Private Water Well Quality Survey
	1986–97
	Survey investigated statewide water quality from private drinking water wells.  Included 50 private wells per county (distributed geographically and from all major local potable aquifers) for an extensive list of analytes.  Coverage included 40 percent of the state before funding ended.


Basin Assessment Methodology
FDEP’s ground water data were assessed using a comprehensive approach that included several major evaluation categories.  The evaluations conducted for the Ochlockonee-St. Marks basins include:  bacteria, nutrients, metals, and organics.[Note: At this time, we will leave saltwater intrusion out, since the discussion is of minor importance]  Table___ summarizes the categories and specific analytes.

Table ___  Ground Water Assessment Categories and Parameters

	Evaluation Category
	Parameters Evaluated

	Nutrients
	Nitrate + Nitrite-Nitrogen, Total Phosphorus

	Bacteria
	Total Coliform, Fecal Colifom

	Metals
	Primary Metals (Antimony, Arsenic, Barium, Beryllium, Cadmium, Chromium, Lead, Mercury, Nickel, Selenium, Thallium)

Selected Secondary Metals (Copper, Iron, Manganese others??????)

	Organics
	Volatile and Semivolatile Organics, Pesticides


This chapter contains the basin-wide evaluation of ground water data and findings.  As a first step, the interpretation of data was focused on identifying if the potential for significant ground water issues exist.  Indicator groups with an exceedance frequency greater than 10 percent reflect significant issues may exist, and these may received a more intensive assessment that included other data sources and an evaluation of the setting.  

In evaluating the significance of a particular contaminant group, the Department follows the following steps in logic:  

· Can the basinwide ground water issue identified in the probabilistic Status Network be confirmed by other data sources?

· What is the spatial distribution of wells that exceeded GRI and/or SRA thresholds, and what are the associated microlanduses?

· What are the typical range of values found in the basin and natural background level?  

· Is a ground water quality issue related to a natural abundance or contamination?

· Are there data to suggest the ground water resource has improved or degraded over time?

· Do supporting data and information indicate that there is likelihood for ground water to adversely impact surface waterbodies, and is there evidence of adverse effects?

The initial evaluation of ground water quality is based on available data, mainly from FDEP’s two major statewide ground water sampling programs, the Background Network or the Status Network (Maddox, et al., 1992; Copeland, 2001).  Although these networks differ in purpose, design, number of stations, period of sampling and bias toward contamination, the Status and Background sampling programs are the only available FDEP data with representative statewide coverage.  The Ground Water Protection Data Quality Assessment Guidelines and Analysis Protocols were applied to both the Background and Status Network data used in this assessment (Harrington, 2003).  

Ground Water Resource Index

To assess the potential of a ground water quality concern that applies to the aquifer as a resource used for potable supply, a Ground Water Resource Index (GRI) screening tool was designed.  It is used to identify statistically significant exceedances of ground water standards based on human health–related criteria.  For a specific parameter, this index is based on the percent of well samples that exceed the applicable ground water maximum contaminant level (MCL) or risk indicator (in the absence of an MCL or when an MCL cannot be directly related to the data).  Risk indicators apply to the following:  (1) using ground water MCLs (applicable to total constituent concentrations) to evaluate dissolved (ﬁltered) constituent data, since MCLs are based on total constituent concentrations (unﬁltered samples); (2) evaluating fecal coliform (which presently has no ground water standard), using the MCL for total coliform; (3) using published ground water guidance concentrations for other constituents without MCLs; and (4) evaluating water quality based on future proposed changes to a ground water standard (e.g., the MCL for arsenic will change from 50 to 10 micrograms per liter).
The GRI was designed so that it can be used for individual analytes and for grouped analytes when appropriate (i.e., nitrate and nitrite; cumulative statistics for organic analytes).  Specific treatments may differ for each contaminant group and are detailed in each of the respective assessment subsections.  The GRI is calculated by resource type (i.e., confined or unconfined) for the initial evaluation and then by major aquifer type when appropriate.  A parameter or indicator group with an exceedance frequency greater than 10 percent for MCLs or risk indicators reflects a potential basinwide issue and would receive a more intensive evaluation.  The more intensive evaluation for the Ochlockonee-St. Marks basins includes review of data from individual subdivisions within the basin and in some cases individual wells. 

Ground Water–Surface Water Relational Assessment

The Ground Water–Surface Water Relational Assessment (SRA) tool was applied in order to identify subregional areas where ground water contributions to surface water have the potential for adverse impacts to aquatic organisms in surface waterbodies.  In an initial SRA screening, ground water concentrations that exceed surface water “adverse impact” criteria are identified.  The SRA is initially based on the percent of wells that exceed parameter-specific thresholds related to the environmental conditions necessary to support aquatic life or other applicable surface water standards.  The SRA thresholds will identify ground water wells containing analytes of concern to surface water, as quantified by threshold reference values established from surface water quality criteria, probable effects levels (PEL), known aquatic toxicity values and/or appropriate guidance levels (i.e., nutrients).  In the more detailed evaluation, the list of impaired surface waterbodies and associated pollutants are reviewed for each basin in conjunction with the results of the SRA.  Where similar pollutants or analytes occur, the potential for discharge from ground water to surface water is assessed.  

As needed, more detailed evaluations to quantify ground water contributions to surface water may be conducted.  While the initial geochemical analyses target an area of interest, the subsequent integrated (more detailed) assessment to confirm that a ground water–surface water intersection exists is critical for a comprehensive conclusion.  In an even more detailed assessment of ground water interaction with a specific surface waterbody, local ground water quality and hydrologic data necessary for calculating base flow and ground water loadings would be obtained from existing monitoring programs.  Hydrologic data would include potentiometric surface maps on a local scale, estimates of aquifer transmissivity, and surface water discharge data over an extended period.  A new, targeted sampling survey may be necessary when insufficient data exists.  This level of analysis is not performed as part of this assessment, but may be recommended.



	

	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	




[NOTE:  I suggested moving the planning units to Chapter 1 – in this version they are moved.]
Ground Water Assessments
This section includes overall and more detailed by-parameter-category evaluations of ground water quality using the GRI and ground water-surface water interaction using the SRA.  Appendix ___ provides data to support the GRI and SRA assessments.  The statistics report contains three possible results:  (1) percent MCL/GCL Exceedances – for analytes with a primary or secondary ground water standard or guidance concentration referenced in Ch. 62-550, FAC; (2) percent Risk Indicators – for a specific parameter in the absence of an MCL or when an MCL cannot be directly related to the data.  Risk indicators include the following:  (a) using ground water MCLs (applicable to total constituent concentrations) to evaluate dissolved (ﬁltered) constituent data, since MCLs are based on total constituent concentrations (unﬁltered samples); (b) evaluating fecal coliform (which presently has no ground water standard), using the MCL for total coliform; (c) using published ground water guidance concentrations for other constituents without MCLs; and (d) evaluating water quality based on future proposed changes to a ground water standard (e.g., the MCL for arsenic will change from 50 to 10 parts per billion); and (3)  percent of SRA Indicators – for analytes that are important to aquatic life.  SRA thresholds identify ground water wells containing analytes of concern to surface water, as quantified by threshold reference values established from surface water quality criteria, probable effects levels (PEL), known aquatic toxicity values and/or appropriate guidance levels (i.e., nutrients) (Appendix ??).  Further details on the location of ground water stations and statistics that were used for this statewide assessment are available on FDEP’s ground water protection Web site at http://www.floridagroundwater.org.  
Overall Screening Results for the Ochlockonee-St. Marks Basins
The initial step in the ground water quality evaluation included an overall basin-wide screening using GRI and SRA criteria for wells completed in unconfined and confined aquifers.  The screening categories, as described previously are for Nutrients, Bacteria, Metals and Organics.  Table ____ is a summary of the basin-wide screening results presented in the 2004 305(b) report to EPA.  More detailed steps in the evaluation are described in the following sections.
Table________  Basin-wide Summary of Ground Water Resource Indicators and Surface Water Relational Assessment Findings

	Category/Specific Analyte
	Ground Water Samples Exceeding GRI and/or SRA Criteria

	
	Ground Water MCL or Risk Criteria Exceedence (>10% of wells)#
	Ground Water-to-Surface Water Potential Adverse Effect Potential (>10% of wells)^

	
	Unconfined Aquifers
	Confined Aquifers
	Unconfined Aquifers
	Confined Aquifers

	Nutrients 
	
	
	
	

	Nitrate
	<10%
	<10%
	28% of 29 wells
	23% of 30 wells

	Phosphorus
	NA
	NA
	<10%
	30% of 10 wells

	Bacteria
	
	
	
	

	Total Coliform
	45% of 29 wells
	17% of 30 wells
	<10%
	<10%

	Fecal Coliform
	24% of 29 wells
	<10%
	<10%
	<10%

	Metals
	
	
	
	

	Primary Metals:
	
	
	
	

	Cadmium
	11% of 27
	<10%
	26% of 27 wells
	<10%

	Lead
	<10%
	<10%
	54% of 26 wells
	46% of 117 wells

	Mercury
	<10%
	<10%
	33% of 24 wells
	11% of 106 wells

	Nickel
	<10%
	<10%
	29% of 21 wells
	<10%

	Secondary Metals:
	
	
	
	

	Aluminum
	60% of 20 wells
	<10%
	30% of 24 wells
	<10%

	Copper
	<10%
	<10%
	43% of 23 wells
	36% of 92 wells

	Iron
	86% of 22 wells
	44% of 70 wells
	86% of 22 wells
	44% of 70 wells

	Manganese
	30% of 23 wells
	14% of 95 wells
	22% of 23 wells
	<10%

	Silver
	<10%
	<10%
	26% of 27 wells
	<10%

	Zinc
	<10%
	<10%
	41% 0f 22 wells
	49% of 71 wells

	Organics*
	
	
	
	

	Benzene
	0%
	2.22% of 90 wells
	NA
	NA

	Bromodichloromethane
	0%
	2.22% of 90 wells
	NA
	NA

	Bromoform
	0%
	1.11% of 90 wells
	NA
	NA

	Trichloroethene
	0%
	1.11% of 90 wells
	NA
	NA


Notes:  

#=based on Ground Water Resource Index (GRI) screening

^=based on Ground Water-Surface Water Relational Assessment (SRA) screening

NA=parameter not assessed due to absence of applicable criteria
*=listed organics were detected but not at levels that exceed screening criteria

Monitoring data used in the statewide assessment were from the Status, Background and VISA networks.  Nitrate, total coliform and fecal coliform data were obtained from the Status Network; total phosphorus and metals data were obtained from the Background Network; organics data were obtained from all three monitoring networks.
Source: 2004 305(b) Report

Evaluations for Nutrients

Nitrate and phosphorus in unconfined and confined aquifers were evaluated as part of the second phase of nutrients screening using a more robust data set than what was applied to the statewide statistical screening.  Mainly the Status and Background monitoring networks were used in the evaluation of data.  These included nitrate+nitrite (filtered as N) and dissolved phosphorus (filtered) from the Status Network and total nitrate and total phosphorus data from the Background Network.  For a period of time, status network samples were analyzed for dissolved concentrations only.  Nitrate was evaluated using both GRI and SRA screening protocol because it has applicable thresholds related to public health/potable supply and surface water/aquatic life.  Total phosphorus was evaluated using SRA screening because of its potential adverse effects to surface waterbodies, but it has no applicable public health/potable supply criterion and was not evaluated using the GRI.  The results of these evaluations are shown in Figures ____ and ____..

[DEBRA NEEDS TO WEIGH IN ON APPLICABILITY OF FILTERED PHOSPHORUS DATA, WHICH I INCLUDED HERE-NO APPARENT HITS ON FILTERED SAMPLES]
GRI Evaluation-Potential Adverse Human Health Effects
Nitrate is commonly linked to anthropogenic sources (e.g., fertilizer applications, domestic wastewater, atmospheric deposition, etc.) and is known to cause adverse health effects when consumed in drinking water.  For that reason, the MCL (10 milligrams per liter [mg/l] was used as the risk indicator for nitrate+nitrate data.  According to the 2004 305(b) assessment of ground water in Florida (based on status network monitoring), nitrate was not identified as a significant basin-wide problem.  When including data from all wells in both Status and Background Networks, this evaluation shows that a sample from only one well was identified as exceeding GRI criteria.  Figure ____ shows the nitrate sampling locations for both unconfined and confined aquifer data.
According to the data available, only one well in the assessment area contained nitrate at a level that exceeded the GRI threshold, which is the MCL for nitrate (10 milligrams per liter [mg/L]).  This second level of screening verifies that nitrate does not appear to pose a significant concern to most of this area in unconfined or confined aquifers.  The reported exceedence was found in a surficial aquifer monitoring well located in the Telogia Creek planning unit.  No exceedences were found in potable supply wells.
Figure ____.  Ground Water Resource Index Assessment for Nutrients
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figure includes: unconfined and confined wells, nitrate+nitrite and total nitrate on “all wells” pull from hydroport.
SRA Evaluation-Potential for Adverse Effects to Surface Water

Nitrate and/or phosphorus are causative pollutants for many of Florida’s impaired streams, canals, lakes, and estuaries.  As stated previously, nitrate is most often related to anthropogenic sources.  However, phosphorus is found naturally due to the abundance of phosphate-rich sediments in much of Florida and elevated concentrations in ground water can occur naturally and/or be related to pollutant sources.  According to the 2004 305(b) summary, in these basins nitrate was identified as a potentially significant analyte for ground water in both unconfined and confined aquifers and total phosphorus was significant in confined aquifers.  Nitrate and/or phosphorus have been identified as causative pollutants for several waterbodies in the Ochlockonee-St. Marks basins that are impaired based on nutrients or dissolved oxygen (DO).  Data for nitrate and phosphorus in both unconfined and confined aquifers are shown in Figure ____.
According to the statewide 305(b) screening, the percent exceedence in both nitrate and total phosphorus levels is significant in this assessment area.  For nitrate, the evaluation shows that there are approximately 4 wells in unconfined aquifers (3 in the surficial, 1 in the unconfined Floridan aquifer) and 16 confined aquifer wells (most in the Floridan aquifer) that exceed the SRA threshold of 0.45 mg/L.  There are somewhat fewer exceedences of the SRA threshold criterion for total phosphorus (0.025 mg/L), although the number of wells having phosphorus data are much fewer.  One unconfined (surficial) 

Figure ____.  Ground Water-Surface Water Relational Assessment for Nitrate and Phosphorus
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Phosphorus
figure includes:

unconfined, confined nitrate+nitrite and total nitrate, and TP, dissolved P “all wells” hydroport retrievel

green wells < SRA index, red wells > SRA index

squares are confined, circles are unconfined

big blue circles are “springs”

yellow highlighted areas are WBIDs on verified list….when I get coverage from Tricia, they will show only nutrient- and DO- impaired WBIDs
aquifer well and three confined (intermediate) aquifer wells contained phosphorus above the SRA threshold.  

Nutrient concentrations exceeding SRA criteria are significant in this assessment area because several surface waterbody impairments are based on elevated nutrient concentrations.  There are also additional waterbodies that are potentially impaired by nutrients or DO criteria exceedences potentially related to nutrients.  Highlighted areas in Figure ___ contain verified and potentially impaired surface waterbodies.  Of particular significance may be streams that originate at springs or have significant spring inputs.  Most notably is the Wakulla River, which has a biological imbalance due to excessive nutrients (ostensibly nitrate).  According to Chelette (_____). average nitrate concentrations in samples from Wakulla Springs have been in the 0.8 to 1 mg/L range.

Dissolved oxygen is not always an accurate indicator of impaired conditions within surface waterbodies, although nutrient-impaired waterbodies may exhibit low DO concentrations.  In surface waterbodies that have a significant ground water contribution, such as spring runs, DO concentrations often are low and do not meet Florida’s DO standard of 5 mg/L.  Typically, DO concentrations in ground water are low.  According to the statewide evaluation, 68 percent of samples from unconfined aquifers and 65 percent of samples from confined aquifers had DO concentrations of lower than 4 mg/L.  Unless significant nutrient concentrations are present, low DO concentrations at spring vents or in spring-fed waterbodies such as St. Marks Spring, McBride Slough, Sally Ward Spring and Horn Spring should be considered attributable to naturally occurring low DO in the ground water that is being discharged.

Bacteria
This evaluation includes total and fecal coliform data available from the combination of Department databases.  Data in the Status and Background Networks were used to evaluate possible issues in the Ochlockonee-St. Marks Basins related to coliform bacteria.  The presence of these bacteria in ground water is not only important from the standpoint of public health, but also may serve as an indicator of surface water contact.  Direct contact with surface water may occur where poorly sealed wells are located in flood prone areas, where wells are located adjacent to or downgradient of surface waterbodies, wetlands, or sinkholes.  Other common sources of coliform bacteria in wells are septic systems and livestock wastes.
GRI Evaluation-Potential Adverse Human Health Effects
Coliform bacteria do not themselves present health risks to a water supply.  They instead serve as indicator organisms or surrogates used to provide evidence that health-threatening organisms may also be present at similar levels.  The State of Florida MCL for total coliform in a drinking water supply is 4 colonies per 100 milliliter sample (#/100 mL).  This value was used as the GRI threshold in the evaluation.  There is currently no MCL for fecal coliform.  In its absence, a GRI risk threshold of 4 #/100 mL was assigned for fecal coliform.
Total Coliform.  Approximately ___  wells representing unconfined aquifers and ___ wells in confined aquifers were used in the basin-wide evaluation.  Figure G5 summarizes the results for the GRI screening of ground water samples for confined and unconfined wells.  This summary figure is based on a more detailed spreadsheet presented in Appendix C.

Discussion of GRI findings 

Fecal Coliform.  Data in the Status Network and other sources were also used to evaluate ground water quality with respect to fecal coliform.  Approximately ___ unconfined and ____ confined wells were used in this evaluation.  Figure G5 summarizes the results for the GRI screening of ground water samples for confined and unconfined wells.  This summary figure is based on a more detailed spreadsheet presented in Appendix C.

In the 2004 statewide 305(b) assessment, the Ochlockonee–St. Marks Basins were found to have the highest percentage and number of unconfined wells in the state that exceeded the GRI criteria.  Complete discussion on GRI findings
SRA Evaluation-Potential for Adverse Effects to Surface Water

The threshold for adverse surface water response to coliform bacteria is considerably higher than for ground water used for potable supply.  The proposed SRA thresholds for total and fecal coliform bacteria are 1,000 and 400 colonies/100 mL, respectively.  No coliform bacteria concentrations in the database exceeded surface water thresholds.
Origin of Bacteria in Wells  
Revise text, but follow this logic Of all issues, bacterial contamination, as indicated by elevated total and/or fecal coliform counts, appears to be the most prevalent issue in ground water samples collected from the Status Network monitoring wells.  Over one-third of the basin groups exceeded the GRI screening criteria, which indicates that a significant public health issue may exist.  However, the significance of these findings must be further evaluated.  The incidence of bacterial criteria exceedances may be a function of improper well construction (e.g., the absence or faulty sanitary seals on residential wells), the infrequent maintenance of water well systems (which include the well and water storage and distribution systems), localized bacterial contaminants from the improper, on-site disposal of domestic or animal wastes, or the potential for flooding and surface water infiltration of the water system.  These considerations highlight the fact that individual well assessments are necessary, and in all probability bacteria issues are localized and rarely expand into a basinwide dimension.

Figure ____  Ground Water Resource Index Assessment for Bacteria
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Metals

The Background Network is the Department’s primary source of ambient metals data to evaluate possible issues in the Ochlockonee-St. Marks basins.  The GRI and SRA screening criteria were used to identify the priority metal analytes within the Ochlockonee-St. Marks basins and to provide recommendations for future monitoring.  Some metals identified in this analysis have recently been added to the analyte list for the next sampling cycle of the Status Network (2004 to 2009).  Further evaluations may occur for priority metals on Tier 2 or 3 levels where data from wells in proximity to impaired waterbodies have shown concentrations exceeding applicable SRA thresholds for specific classes of surface water.  In cases where the incidence of wells in confined aquifers exceeding SRA criteria is significant, assessment of ground water to surface water hydraulic connections may be needed.  
The GRI and SRA thresholds for primary and secondary metals are presented in Appendix ? along with summary statistics of data that has not been trimmed for outliers.  Seventeen metals of interest were selected that have either a ground water standard and/or surface water criteria.  The analytes included for the primary metals evaluation included antimony, arsenic, barium, beryllium, cadmium, chromium, lead, mercury, nickel, selenium, and thallium.  These primary metals present a risk to human health and/or to aquatic organisms depending on the concentration.  The analytes included for the secondary metals evaluation included aluminum, copper, iron, manganese, silver and zinc.  The secondary metals affect the aesthetic properties of potable water and may also present a risk to aquatic organisms depending on the concentration.  
Evaluations of metals data and the potential for metals to be made available include considerations for related conditions such as pH and turbidity.  Low pH levels are known to increase the mobility and leaching of most metals from soils, while turbid water can also transport the particulate form of metals.  At times turbid samples may also be indicative of well construction or sampling quality assurance problems, which could lead to higher than representative metals concentrations being reported.  Other important considerations are detection limits, well casing influences and contaminated sampling equipment, particularly important for lead and mercury results.  In the future, metals data will be subjected to a more intense quality assurance screening to evaluate these other factors more thoroughly.  As an example, a statistical investigation of casing material influences on lead data is available on the Ground Water Protection web site.  It may also be helpful to identify closely associated areas where elevated metals occur in both surface and ground water or springs to gain perspective on potential casing material influences.  Suspected artifacts in the data related to improper well purging or sampling protocols in the past can be identified by resampling an area.  The installation of new monitor wells or selection of different wells may be considered in some instances to obtain more representative samples.  

GRI Evaluation - Potential Adverse Human Health Effects
The Background Network data used for this metals evaluation included data from approximately 27 and 119 wells representing unconfined and confined aquifers, respectively.  Figures ?, and ? summarize the GRI screening critieria for the incidence of metals in ground water samples from unconfined and confined aquifers.  This summary figure is based on more detailed spreadsheets presented in Appendix ?.    
Primary Metals
The primary metals data (antimony, arsenic, barium, beryllium, cadmium, chromium, lead, mercury, nickel, selenium, and thallium) indicate that cadmium was the only metal that exceeded the GRI criteria, potentially posing a concern since it exceeds the ground water standard in more than 10 percent of the wells for unconfined aquifers.  It is notable that there were 6 other basins identified with potential cadmium issues in a statewide assessment.  The minimum, maximum and median values for cadmium by aquifer and confining conditions are shown in Table ___.   The highest values were found in the unconfined and confined Floridan aquifer.  The highest percent of wells exceeding the ground water standard for cadmium were for the unconfined Floridan aquifer.
Secondary Metals
The secondary metals data (aluminum, copper, iron, manganese, silver strontium, vanadium, and zinc) indicate manganese and iron exceeded the GRI criteria, potentially posing a concern since they exceed the ground water standard in more than 10 percent of the wells for unconfined and confined aquifers.  Aluminum exceeded the criteria in unconfined wells and were at the criteria level (10%) in confined wells.  This is consistent with the statewide assessment where aluminum, iron and manganese were found to be ubiquitous, exceeding their respective GRI screening criteria (based on secondary MCLs) in unconfined and confined aquifers in most basins.  Iron and manganese frequently create nuisance problems in residential and some public water systems where they are naturally abundant as in the St. Marks-Ochlockonee basins.  
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Table ______  Comparison of Cadmium Concentrations by Aquifer Type and Confinind Conditions in the Ocklockonee-St. Marks Basin.

Figure ______  Ground Water Resource Index Assessment for Primary and Secondary Metals
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SRA Metals Evaluation-Potential Adverse Impacts to Surface Water 

The Background Network data used for this metals evaluation included data from approximately 27 and 119 wells representing unconfined and confined aquifers, respectively.  Figure ? summarizes the SRA screening critieria for the incidence of metals in ground water samples from unconfined and confined aquifers.  This summary figure is based on more detailed spreadsheets presented in Appendix ?.  The SRA screening indicates numerous metals are commonly found in both unconfined and confined ground water wells at levels that exceed aquatic life support criteria for surface water.  Of course, other factors must be considered to determine if ground water contributions to surface water bodies exist and the extent of the impact.  Additional statistics for metals that summarize the results of the SRA screening are available in Appendix D.  The minimum, maximum and median values are shown in Table ___.   
Figure ______  Ground Water-Surface Water Relational Assessment for Metals
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Table _____.  Unconfined aquifers  *SRA results showing % of wells over surface water criteria or threshold values.
This basin is only one of many others across the state where numerous metals that include aluminum, cadmium, copper, iron, manganese, mercury, nickel, silver and zinc exceeded the SRA screening criteria in unconfined wells.   Many of the same metals that include copper, iron, lead, mercury, and zinc were evidently abundant in wells monitoring confined aquifers in most basins.  Subsurface flow through the unconfined aquifers is common place, however, the actual significance or likelihood of discharge from confined aquifers should be evaluated on a case-by-case basis.  Confined ground water discharge to surface water may be remote in the western and northern portions of the basin but more likely within the Wakulla karst plain.

Origin of Metals in Wells  

[Need to include maps and discussion to match other section?}
Metals are part of the inorganic contaminants group and can be naturally-occurring or result from storm run-off, wastewater discharges, mining, or agricultural activities.  The GRI and SRA screening criteria identifies those metals that either have natural abundances or land uses that result in a high percentage of wells over the respective MCLs or thresholds.  Understanding aquifer chemistry will identify those metals that could exist as a natural abundance in contast to contaminants that have localize anthropogenic sources and subsequently leached into ground water.  
High concentrations of iron and manganese are common in both the soils and surficial aquifer matrix across the state indicating a possible natural abundance in this basin.  

These two metals are known to represent the most widespread groundwater contaminants worldwide (Vuorinen et al. 1986) and play fundamental roles in controlling the mobility of many other metals (Jenne, 1977; Stumm 1992).  

Organic Chemicals
Text from 305b, may use some of this….This evaluation included a review of the organic chemical analytes for the Background and VISA Network well sampling.  These included volatile organics, semivolatile organics, and pesticides (the complete list is available at floridagroundwater.org).  Historically, the volatile/semivolatile compounds have been detected in close proximity to point sources such as industrial facilities, waste sites, and petroleum storage facilities, all of which are typically found in urban settings.  While pesticides may also be associated with point sources (e.g., blending facilities, disposal sites), they are more likely to be detected over larger areas where they have been applied, posing potential concerns of nonpoint contamination for urban as well as agricultural land use areas.  The detection of organic chemical contamination associated with point sources is particularly challenging with a random network of monitoring wells.  The characterization of nonpoint, pesticide-related issues is somewhat more likely with this kind of monitoring.  As a further qualification, existing monitoring data only represent pesticide-related compounds that have historically been applied and do not include active ingredients for pesticides registered for use in Florida after 1993.

The dataset reviewed, consisting of Background and VISA Network wells, contained only a few organic chemicals.  The abundance of detections appears to correlate with the type of land use in the vicinity of the wells, but as discussed in the preceding paragraph, is also related to the limited areal extent of organic contaminant plumes.  Unsurprisingly, none of the basins had a greater than 10 percent incidence of samples exceeding a ground water standard.  

From this data review, it was determined that statewide the most commonly detected compound in the volatile/semivolatile suite was benzene, and the second most commonly detected compound was vinyl chloride.  Samples from the Pensacola Basin area had the greatest number of volatile/semivolatile organics.  These samples were collected as part of a VISA project to monitor the distribution of ground water contaminants in an industrial area containing known contaminant sources. 

The majority of the pesticide detections were found in samples collected from the Kissimmee River Basin, with the most commonly detected pesticide in the database being ethylene dibromide (EDB), a nematocide and fuel additive that is now banned from use.  Notably, the Kissimmee Basin was the only basin in the state where nitrate was indicated as a potential basinwide issue (see the nutrient assessment discussion).  No detections of several commonly used pesticides such as malathion were recorded in any of the results, and only one detection of endosulfan sulfate was found (Southeast Coast–Biscayne Bay Basins

These data do not reflect any statewide, areally distributed issues with organic chemicals in ground water.  However, localized ground water problems do exist and indicate the need for more targeted monitoring in land use areas where these contaminants are likely to be found, particularly where source water may be threatened.
Chapter 4 – Summary of Ground Water Quality Issues of Concern
Ground Water as a Resource - GRI-Related Issues

Discussion uses table below and maybe map to frame possible problems and options that may be explored… Focus on drinking water resource, weighing information from drinking water aquifer and non-utilized aquifer differently….
Summary of Issues Identified in GRI Screening
	SRA Issue Category
	
	Nutrients 

(No. samples exceeding SRA criteria for nitrate)
	Bacteria

(No. samples exceeding SRA criteria for total and fecal coliform)
	Metals
(No. samples exceeding SRA criteria for ….)

	Aquifer Type
	
	unconf
	conf
	unconf
	conf
	unconf
	conf

	Planning Unit/Listed Surface Waterbody
	Waterbody
Listing Status
	
	
	
	
	
	

	North Ochlockonee River
	
	2 of 7
	1 of 18
	0 of 6
	0 of 14
	
	

	424 Little River
	VL for Total Coliform
	
	
	
	
	
	

	1297F Ochlockonee River
	VL for Total Coliform
	
	
	
	
	
	

	540A Lake Tallavana
	VL for nutrients (nitrogen and phosphorus)
	X
	X
	
	
	
	

	1303 Quincy Creek
	PL for Total and Fecal Coliform
	
	
	
	
	
	

	South Ochlockonee River
	
	0 of 2
	0 of 6
	1 of 5
	0 of 5
	
	

	1024 Black Creek
	PL for Fecal and Total Coliform
	
	
	X
	
	
	

	1297B Ochlockonee River
	PL for Total and Fecal Coliform
	
	
	
	
	
	

	Lake Iamonia
	
	0 of 1
	0 of 3
	1 of 1
	0 of 1
	
	

	442 Lake Iamonia Outlet
	PL for DO
	
	
	
	
	
	

	Lake Jackson
	
	0 of 1
	0 of 3
	0 of 0
	0 of 2
	
	

	582B Lake Jackson
	VL for DO and Nutrients (nitrogen and phosphorus)
	
	
	
	
	
	

	809 Meginniss Arm Run
	PL for DO


	
	
	
	
	
	

	Telogia Creek
	
	1 of 6
	0 of 6
	1 of 5
	0 of 5
	
	

	1300 Telogia Creek
	VL for Total and Fecal Coliform
	
	
	X
	
	
	

	682 Juniper Creek
	PL for Fecal Coliform
	
	
	X
	
	
	

	Sopchoppy River
	
	0 of 0
	0 of 2
	0 of 1
	0 of 2
	
	

	NA
	
	
	
	
	
	
	

	St. Marks River
	
	0 of 1
	3 of 15
	0 of 1
	3 of 13
	
	

	628 Black Creek
	VL for DO (phosphorus and nitrogen limited)
	
	X
	
	
	
	

	971B Lake Weeks
	VL for Nutrients 
	
	X
	
	
	
	

	971 Chicken Branch
	PL for DO
	
	X
	
	
	
	

	808 Copeland Sink Drain
	PL for DO (nitrogen limited)
	
	X
	
	
	
	

	793B St. Marks River
	PL for DO
	
	X
	
	
	
	

	793Y St. Marks Spring
	PL for DO
	
	X
	
	
	
	

	793Z Horn Spring
	VL for DO
	
	X
	
	
	
	

	Lake Miccosukee
	
	1 of 1
	0 of 5
	0 of 0
	0 of 4
	
	

	791N Lake Miccosukee
	VL for Total Coliform; PL for DO
	X
	
	
	
	
	

	Lake Lafayette
	
	0 of 1
	3 of 10
	0 of 0
	0 of 1
	
	

	647 Alford Arm
	VL for DO (nitrogen and phosphorus)
	
	X
	
	
	
	

	756 Lake Lafayette Drain
	VL for Total Coliform, Fecal Coliform, DO (nitrogen limited)
	
	X
	
	
	
	

	756A Upper Lake Lafayette
	VL for DO (phosphorus)
	
	X
	
	
	
	

	756B Lake Piney Z
	VL for DO, Nutrients 
	
	X
	
	
	
	

	756C Lower Lake Lafayette
	VL for DO, Nutrients; PL for Total and Fecal Coliform
	
	X
	
	
	
	

	863 Mall Drainage Ditch
	PL for Turbidity, Total and Fecal Coliform
	
	
	
	
	
	

	Lake Munson/Fred George Sink
	
	0 of 3
	3 of 28
	1 of 1
	0 of 2
	
	

	807C Lake Munson
	VL for Nutrients, DO (phosphorus, nitrogen)
	
	X
	
	
	
	

	807D Munson Slough above lake
	VL for DO; PL for Nutrients and Total Coliform 
	
	X
	X
	
	
	

	807A Ames Sink
	PL for DO
	
	X
	
	
	
	

	878B Silver Lake
	PL for Total and Fecal Coliform
	
	
	X
	
	
	

	Lost Creek/Fisher Creek
	
	0 of 2
	0 of 2
	1 of 2
	0 of 2
	
	

	995 Lost Creek
	PL for DO
	
	
	
	
	
	

	Wakulla River
	
	3 of 9
	4 of 9
	2 of 5
	0 of 3
	
	

	1006 Wakulla River
	VL for Biology caused by nutrients (nitrogen and phosphorus colimiting)
	X
	X
	
	
	
	

	1006Y Sally Ward Spring
	PL for DO
	X
	X
	
	
	
	

	1028 McBride Slough
	PL for DO
	X
	X
	
	
	
	

	Coastal Watersheds and Apalachee Bay
	
	0 of 4
	2 of 6
	1 of 3
	2 of 6
	
	

	8025B Mashes Island
	VL for Bacteria (DOH beach advisory)
	
	
	X
	X
	
	

	8026B Shell Point 
	VL for Bacteria (DOH beach advisory)
	
	
	X
	X
	
	


Notes- 

Potential issue identification based on 10% or higher exceedence of evaluation criteria

* indicates data sufficiency concern

Text:
Discussion of priority issues that were identified
Discussion of data insufficiencies

Next steps, actions to be taken
Ground Water/Surface Water Interaction – SRA - Related Issues
Summary of Potentially Significant Ground Water Parameters Identified by SRA Screening and Surface Water Impairment
	SRA Issue Category
	
	Nutrients
	Bacteria
	Metals
	Organics

	Aquifer
	
	unconf
	conf
	unconf
	conf
	unconf
	conf
	unconf
	conf

	Planning Unit/Listed Surface Waterbody
	Waterbody
Listing Status
	
	
	
	
	
	
	
	

	North Ochlockonee River
	
	
	
	
	
	
	
	
	

	424 Little River
	VL for Total Coliform
	
	
	
	
	
	
	
	

	1297F Ochlockonee River
	VL for Total Coliform
	
	
	
	
	
	
	
	

	540A Lake Tallavana
	VL for nutrients (nitrogen and phosphorus)
	
	
	
	
	
	
	
	

	1303 Quincy Creek
	PL for Total and Fecal Coliform
	
	
	
	
	
	
	
	

	South Ochlockonee River
	
	
	
	
	
	
	
	
	

	1024 Black Creek
	PL for Fecal and Total Coliform
	
	
	
	
	
	
	
	

	1297B Ochlockonee River
	PL for Total and Fecal Coliform
	
	
	
	
	
	
	
	

	Lake Iamonia
	
	
	
	
	
	
	
	
	

	442 Lake Iamonia Outlet
	PL for DO
	
	
	
	
	
	
	
	

	Lake Jackson
	
	
	
	
	
	
	
	
	

	582B Lake Jackson
	VL for DO and Nutrients (nitrogen and phosphorus)
	
	
	
	
	
	
	
	

	809 Meginniss Arm Run
	PL for DO

	
	
	
	
	
	
	
	

	Telogia Creek
	
	
	
	
	
	
	
	
	

	1300 Telogia Creek
	VL for Total and Fecal Coliform
	
	
	
	
	
	
	
	

	682 Juniper Creek
	PL for Fecal Coliform
	
	
	
	
	
	
	
	

	Sopchoppy River
	
	
	
	
	
	
	
	
	

	NA
	
	
	
	
	
	
	
	
	

	St. Marks River
	
	
	
	
	
	
	
	
	

	628 Black Creek
	VL for DO (phosphorus and nitrogen limited)
	
	
	
	
	
	
	
	

	971B Lake Weeks
	VL for Nutrients 
	
	
	
	
	
	
	
	

	971 Chicken Branch
	PL for DO
	
	
	
	
	
	
	
	

	808 Copeland Sink Drain
	PL for DO (nitrogen limited)
	
	
	
	
	
	
	
	

	793B St. Marks River
	PL for DO
	
	
	
	
	
	
	
	

	793Y St. Marks Spring
	PL for DO
	
	
	
	
	
	
	
	

	793Z Horn Spring
	VL for DO
	
	
	
	
	
	
	
	

	Lake Miccosukee
	
	
	
	
	
	
	
	
	

	791N Lake Miccosukee
	VL for Total Coliform; PL for DO
	
	
	
	
	
	
	
	

	Lake Lafayette
	
	
	
	
	
	
	
	
	

	647 Alford Arm
	VL for DO (nitrogen and phosphorus)
	
	
	
	
	
	
	
	

	756 Lake Lafayette Drain
	VL for Total Coliform, Fecal Coliform, DO (nitrogen limited)
	
	
	
	
	
	
	
	

	756A Upper Lake Lafayette
	VL for DO (phosphorus)
	
	
	
	
	
	
	
	

	756B Lake Piney Z
	VL for DO, Nutrients 
	
	
	
	
	
	
	
	

	756C Lower Lake Lafayette
	VL for DO, Nutrients; PL for Total and Fecal Coliform
	
	
	
	
	
	
	
	

	863 Mall Drainage Ditch
	PL for Turbidity, Total and Fecal Coliform
	
	
	
	
	
	
	
	

	Lake Munson/Fred George Sink
	
	
	
	
	
	
	
	
	

	807C Lake Munson
	VL for Nutrients, DO (phosphorus, nitrogen)
	
	
	
	
	
	
	
	

	807D Munson Slough above lake
	VL for DO; PL for Nutrients and Total Coliform 
	
	
	
	
	
	
	
	

	807A Ames Sink
	PL for DO
	
	
	
	
	
	
	
	

	878B Silver Lake
	PL for Total and Fecal Coliform
	
	
	
	
	
	
	
	

	Lost Creek/Fisher Creek
	
	
	
	
	
	
	
	
	

	995 Lost Creek
	PL for DO
	
	
	
	
	
	
	
	

	Wakulla River
	
	
	
	
	
	
	
	
	

	1006 Wakulla River
	VL for Biology caused by nutrients (nitrogen and phosphorus colimiting)
	
	
	
	
	
	
	
	

	1006Y Sally Ward Spring
	PL fo r DO
	
	
	
	
	
	
	
	

	1028 McBride Slough
	PL for DO
	
	
	
	
	
	
	
	

	Coastal Watersheds and Apalachee Bay
	
	
	
	
	
	
	
	
	

	8025B Mashes Island
	VL for Bacteria (DOH beach advisory)
	
	
	
	
	
	
	
	

	8026B Shell Point 
	VL for Bacteria (DOH beach advisory)
	
	
	
	
	
	
	
	


Notes- 

Potential issue identification based on 10% or higher exceedence of evaluation criteria

* indicates data sufficiency concern

Text:

Additional headings:


Relationship of SRI screening results to impaired surface waters

(includes table showing planning listed waters and areas of SRA exceedence
