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PURPOSE OF DOCUMENT
The Watershed Management Program, Ground Water Protection Section is conducting springs and ground water quality assessments in hydrologic watershed basins across the state, as well as within sub-regional locations.  This technical document establishes guidance on watershed assessments for ground water, springs and ground water – surface water interaction.  
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abbreviations, definitions, and ACRONYMS
CAS #

American Chemical Society’s Chemical Abstract Services number.

ECAP

Environmental Criteria and Assessment Office – EPA Cincinnati.
FDEP

Florida Department of Environmental Protection
GCL

Guidance Concentration 
HEAST
Health Effects Assessment Summary Table.

HBL
Health Based Level; the calculated guidance concentration, listed when the guidance concentration is less than the listed PQL.

IRIS

Integrated Risk Information Systems.

MCL

Maximum Contaminant Level that corresponds to a primary or secondary 



ground water standard.
mg/L

Milligrams per Liter.
Organoleptic
Taste and Odor.

Organoleptic
Concentration at which taste and odor can be detected, but is less than the Detection 
PQL.

Level

pCi/L

Picocuries per Liter.

PQL
Practical Quantitation Levels (PQLs) are an estimate of the lowest concentration routinely quantifiable by most analytical laboratories.  The Practical Quantitation Level can be estimated to be five times the Method Detection Limit.
Rfd

Reference dose.

TDS

Total Dissolved Solids.
ug/L

Micograms per Liter.
USEPA
United States Environmental Protection Agency
INTRODUCTION
Integrating ground water into the Department’s Watershed Management Approach required a shift in the approaches of both monitoring design and data analysis.  The majority of ground water protection efforts in the past emphasized land use and aquifer vulnerability, investigating and remediating local point sources of contamination to protect potable water supplies.  In the past, nonpoint source-related activities centered on monitoring subregional ground water resources affected by agricultural practices and the development of agricultural BMPs to reduce levels of nitrate in the ground water.  Assessing ground water quality in every watershed basin required the development of new screening tools to evaluate the resource for drinking water supplies and contributions to surface water bodies (Harrington, 2004). 
The assessment strategy is comprehensive to protect ground water resources for their intended variety of uses.  Sources of high quality, potable ground water underlie virtually all of Florida supported average withdrawals of more than 4600 million gallons per day (MGD) in 1990. This remarkable resource supplies more than 90% of Florida 's 14+ million residents with drinking water. Additionally, over 50% of all water needs including agricultural, industrial, mining, and electric power generation are supplied by ground water resources.  A significant number of watersheds depend upon ground water inflow as the base flow of surface streams. Florida also contains 27 of the 78 first-magnitude springs in the United States, an indication of the significant ground and surface water interchange Florida experiences.  One of the goals of the springs assessments is to better align springs protection efforts with watershed management efforts currently under way. This is a challenge since there are over 700 springs in Florida used for recreation, water supply and habitats for a diversity of species.  Thus, integrating ground and surface water data assessments is the foundational protection effort necessary to safeguard both resources..
ASSESSMENT STRATEGY

The integration of ground water into watershed protection required an additional consideration with regard to ground water contributions to surface water bodies (baseflow).  The water quality of baseflow is now also considered an equally important designated use to ensure the support of aquatic life in surface water bodies.  This is particularly important in Florida where ground water contributions to surface water can provide 80% of the total flow.  Identifying and quantifying ground water contributions where substances with extensive natural abundances in geological deposits coexist with high percentages of baseflow are also important in the evaluation of impaired surface waterbodies.
The evaluation of ground water quality is mainly based on available data from the Department’s two major statewide ground water sampling programs, the Background Network and the Status Network (Maddox, et al, 1992; Copeland, 2001).  Although they differ in purpose, design, number of stations, period of sampling and bias toward contamination, these two sampling programs are the only available DEP data with representative state-wide coverage.  
Watershed Screening Criteria

The watershed management approach includes several steps to evaluate ground water quality. Initially, general information and available data from the Department's statewide nonregulatory database are compiled. These data are evaluated using standardized data analysis protocols and the GRI and SRA screening model shown below in Figure 1.  The Ground Water Resource Index (GRI) was developed to evaluate the water quality in aquifers used for potable supply and is based on primary and secondary ground water standards (based on human health effects and aesthetics) or guidance levels, where applicable.  The Ground Water/Surface Water Relational Assessment (SRA) was developed to evaluate ground water quality from the perspective of an aquifer’s contribution of base flow to surface water.  It uses threshold reference values based on toxicity or adverse effects to aquatic organisms (Appendix).  
Figure 1.  Florida’s Ground Water Assessment Approach
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A Statewide Report is compiled to meet EPA's (305(b) reporting requirements and a planning list is prepared to prioritize ground water issues that need further investigation. Basin Status Reports provide more detailed information about ground water quality and evaluate data sufficiency issues. Basin Assessment Reports contain a comprehensive evaluation of ground water quality as a source for potable supply and base flow.
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Methodology
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).  The Department’s ground water data were then assessed using a comprehensive approach that included seven major evaluation categories: Biologicals; Nutrients; Metals; Organics; Saltwater Intrusion, Conventionals and Ground Water/Surface Water Interaction indicator analytes.  The categories and specific analytes are summarized in Table 1.  
Table 1.  Ground Water Assessment Categories and Parameters

	Evaluation Category
	Parameters Evaluated

	Biologicals
	Total Coliform, Fecal Colifom

	Nutrients
	Nitrate+Nitrite-Nitrogen, Total Phosphorus

	Metals
	Primary Metals (Antimony,Arsenic,Barium,Beryllium,Cadmium,Chromium

Lead, Mercury, Nickel, Selenium, Thallium)

Selected Secondary Metals (Iron, Manganese)

	Organics
	Volatile and Semivolatile Organics, Pesticides

	Saltwater Intrusion
	Sodium, Chloride, Sulfate, Total Dissolved Solids, Specific Conductance

	Conventionals
	Alkalinity, pH, Turbidity, Temperature

	Ground Water/Surface Water Interaction
	Total Dissolved Solids, Total Organic Carbon, Specific Conductance, Dissolved Oxygen, others as appropriate 


Note:  Main source of data used is Status Network, supplemented by Background Network data.  

Initial interpretations of the data are focused on determining whether the potential for a basin-wide ground water issue exists based on Florida’s two statewide ambient monitoring Status and Background Networks. Indicator groups with a greater than 10 percent exceedance frequency are determined to exceed the screening criteria and reﬂect a potential basin-wide issue.  When a potential basin-wide issue is identiﬁed for a particular contaminant group, the Department conducts a more intensive assessment designed to answer the following questions:
•
Are any basin-wide ground water issues identified in the probabilistic Status Network and 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?  

•
Are ground water quality basin-wide issues related to a natural abundance or contamination?

•
Do the data suggest that 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 water bodies and is there evidence of adverse affects?

Ground Water Resource Index 
To assess the potential of a ground water quality concern existing on a basin-wide scale, a Ground Water Resource Index (GRI) screening tool was designed to identify statistically significant exceedences 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) (GWPS, 2004).  Risk Indicators include: (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) to evaluate water quality based on future proposed changes to a ground water standard (e.g., arsenic MCL will change from 50 to 10 ppb).  

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 parameters or indicator group with a greater than 10 percent exceedance frequency for MCLs or Risk Indicators reflects a potential basin-wide issue and would receive a more intensive (Tier 2) evaluation.  This broad initial statewide screening only, which identifies potential parameters of concern by basin, used to establish a planning list for further investigation.

Ground Water – Surface Water Relational Assessment
The Ground Water-Surface Water Relational Assessment (SRA) tool was designed to first identify subregional areas where ground water contributions to surface water have the potential to adversely impact aquatic organisms in surface waterbodies.  In the SRA subregional screening, ground water concentrations that exceed surface water “adverse impact” criteria are identified (Appendix).  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.  The SRA thresholds identify ground water wells containing analytes of potential 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).  Florida has a nutrient criteria technical advisory committee that is researching the appropriate numeric standards for nutrients in surface water.  In the interim, SRA screening thresholds for nitrate and phosphorus are guidance levels that are based on the good/fair boundary for chlorophyll a in lakes.  
Once the ground water data are evaluated against the SRA reference values, an exceedance frequency is calculated for each basin.  The screening criteria for the SRA is met when more than 10% of the ground water wells exceed the SRA threshold for an analyte in the basin.  As needed, more detailed evaluations to quantify ground water contributions to surface water would be conducted when >10% of the wells exceed reference thresholds for a given analyte on a basin-wide or subregional basis.  Potential ground water to surface water interaction is assessed when a significant number of ground water wells exceed the SRA thresholds and similar pollutants or analytes potentially impair surface water bodies.  On a sub-basin scale, the list of impaired surface waterbodies and associated pollutants are reviewed for each surface water basin and compared to the results of the SRA.  This provides a method to prioritize areas of interest for further investigation that will seek to characterize ground water – surface water hydraulic connections.

While the initial geochemical analyses targets an area of interest, the subsequent integrated (Tier 2) assessment to confirm that a ground water-surface water intersection exists is critical for a comprehensive conclusion.  In a Tier 3 detailed assessment of ground water interaction with a specific surface waterbody, local ground water quality and hydrologic data necessary for calculating baseflow and ground water loadings would be obtained from existing monitoring programs.  Hydrologic data would include potentiometric maps on a local scale, estimates of aquifer transmissivity and surface water discharge data over an extended period of time.  A new targeted sampling survey may be necessary when insufficient data exists.  
SPRING SYSTEM ASSESSMENT MODEL



















































































monitoring design and data sources
Ambient ground water quality monitoring was established by FDEP in 1984 under the authority and direction of the Florida 1983 Water Quality Assurance Act. The ambient data sources described in Table 1 demonstrate the Department's continuing efforts to monitor ground water. The Status and Trends Network has been in existence since October 1, 1999 and is the active statewide ground water sampling program. The Status, Trend and Background Networks are the primary statewide ambient monitoring programs. The statewide distribution of Status and Background Network wells are shown in Figure 1 and Figure 2.  Targeted ground water quality monitoring was established in Very Intense Study Areas (VISAs) -- areas where both land use and aquifer vulnerability could result in ground water contamination. The analyte list for each VISA related to the land use activities under investigation (agricultural, industrial etc.). Within the boundaries of established VISAs, a well that was previously characterized as “background,” is changed to “VISA” for all previous and future samples. Background wells outside the boundaries of a particular VISA were targeted for sampling during the same time frame to establish ambient concentrations in close proximity to the VISA. 

The Status Network was designed with a probabilistic approach that is appropriate to evaluate extensive natural abundances or contamination issues that occur on a basin-wide scale. The random selection of Status Network stations is made from a compiled list (list frame) of background, monitor, public supply and private drinking water wells. The majority of wells randomly selected for Cycle 1 (2000-2004) of the Status Network were background wells. This list frame has changed for Cycle 2 (2004-2009) with the inclusion of a large number of public supply and upgradient facility monitor wells. The list of analytes has also changed for Cycle 2 and now includes unfiltered samples.  A similar number of stations are randomly selected for each basin, with 30 wells in the unconfined aquifers and 30 wells in the confined aquifers.  Figure ? illustrates the areal proportion of the state represented by each basin and identifies the six larger basins such as the Apalchicola-Chipola, Sarasota Bay- Peace-Myaka, Choctawhatchee-St. Andrew, Everglades, Everglades West Coast and Suwanee.  Because of the variation in sampling density, combining basin data for a statewide statistical analyses is not recommended.  
Figure ?.  Basin Sampling Density and Proportional Area of the State
The Background Network data is the result of sampling conducted from 1985 to September 30, 1999 to establish natural background conditions in wells not close to known point sources. The Background Network wells were sampled for an extensive suite of analytes.  Like many historical datasets, there are significantly different detection levels through the years that must be considered.  The values used for the GRI and SRA are usually much greater than detection limits decreasing the need for censoring data at the highest detection limit.  However, the data, especially for trace metals should be carefully examined to ensure data below the detection limit (BDL) are not included in the calculations of exceedance frequencies.  While data below a detection limit is included in the statistical analyses at half the reported detection limit, these values are never used in the GRI and SRA analyses.
The active Trend Network consists of a static set of wells that were chosen to evaluate short and long term temporal variability including seasonal fluctuations.  The historic Trend or Temporal Variability Network has data collected at static stations from 1986 to 1999.  The analyses of both current and historic trend stations are included in the basin assessments.  The trend data are included in the GRI and SRA evaluations for identification of wells over ground water standards or thresholds.  In addition, there are more meaningful statistical tests to evaluate short-term seasonal variability and long term trends for these stations.  
UNDERSTANDING contaminants and background levels
The results of applying the screening criteria must be then assessed in the context of the suite of analytes for that contaminant group.  There are some analytes that are found as a result of anthropogenic activities without any component due to natural background levels (i.e., nitrates).  Other analytes, such as bacteria, that are associated with well maintenance and construction issues and may not reflect conditions in the aquifer resource.  Finally, there is also analytes that have both anthropogenic and natural background sources that are difficult and sometimes impossible to determine the source (i.e, phosphorus, arsenic).  The following information is provided as an important tool to advance from the statistical analyses to recommendations that support the TMDL program and protection efforts.  
biological contaminants

Introduction

Ground water microbiology is a relatively new ﬁeld of study.  Research has shown that most of the bacteria found in soils and surface water have also been found in shallow unconﬁned and conﬁned aquifers.  Leaking or substandard septic systems and runoff are the most important sources of bacterial contamination.  Trest et al, (2002) found that airborne coliform bacteria commonly exist near well-heads and are associated with genera in the well water, indicating an additional transport mechanism.  The contamination of ground water from pathogens is dependent on the pathogen survival and transport rates within the system, which are in turn inﬂuenced by the physical and chemical properties of water and soil, hydrology of the system, and microbial characteristics (Teutsch, 1991; Abu-Shour, 1994).  Water can transport pathogens quickly and over long distances depending on survival rates and environmental conditions (Woessner, et al., 2001; OSRAS, 2001).  Oliphant et al. (2002) monitored wells for six months and found there is considerable temporal variation in total and fecal coliforms levels.  The individual wells intermittently met and exceeded ground water standards for coliforms, indicating even annual sampling was insufﬁcient. 

It is difﬁcult to differentiate between the presence of organisms and their relative concentration in the aquifer and those trapped and growing in the actual well environment.  It is not uncommon for microorganisms to propagate after entering a ground water well where there are suitable environmental conditions and where they can attach to bioﬁlms.  Bioﬁlms form ubiquitously on substrata in ground water wells, whereby they constitute the predominant mode of bacterial growth.  The variability in ground water microbial data may be related to these bioﬁlms that commonly detach, erode or slough from surfaces in the well and are released into the ground water in the well (EPA, 2001).  Identifying the difference between in-situ growth and ground water transport from a contaminant source can be difﬁcult and requires intensive monitoring.  Oliphant (2002) indicated a relatively fast and similar rate of recovery of total heterotrophic bacteria, from repeated sampling would suggest they are related to bioﬁlm formation in the wells and not  to aquifer contamination. 

Health Issues

Although bacteria generally perform beneﬁcial processes, some bacteria or other microorganisms such as protozoa and viruses are pathogenic and may cause adverse health effects in humans.  Most coliform bacteria may not directly cause disease, but are often found with other pathogenic organisms that could cause intestinal infections, vomiting, dysentery, hepatitis, typhoid fever, cholera, meningitis, myocarditis, ulcers and other illnesses.  Intestinal infections and dysentery are generally considered minor health problems, but they could prove fatal to infants, the elderly, and those who are already ill.  Because it is impractical to analyze for the many pathogens that could be present, indicator organisms have been used to determine whether ground water is contaminated and therefore unsuitable for potable drinking water.  The indicator organisms most frequently used for ground water monitoring are total and fecal coliforms.  Detections of total coliforms in ground water typically indicate exposure to surface water runoff that can include fecal associated pathogenic species that live in the gastrointestinal tract of warm-blooded mammals.  In karst areas, total coliforms may remain elevated for six months after signiﬁcant storm events (such as hurricanes) due to surface water entering ground water from sink holes. 

Fecal Indicator Microorganisms

Total coliforms are a broad category of bacteria that incorporates both harmless and pathogenic species.  The ground water standard or MCL for total coliforms is 4 colonies per 100 mL.  Occasionally the same ground water standard for total coliforms is informally applied to fecal coliform results, however, research has shown that a lower value may be more appropriate.  There are three general fecal indicator analytes, including fecal coliforms (subset of total coliforms), Escherichia coli (subset of fecal coliforms), and enterococci (subset of fecal streptococci) (EPA, 2001).  There are no ground water standards for Escherichia coli or enterococci, however the Department of Health uses fecal coliforms and enterococci as indicators of bacterial contamination and posts swimming advisories when thresholds are exceeded in recreational waters and beaches. 
Coliform survival rates in ground water are being investigated, however, in applying the Total Coliforms standard for ground water, we are assuming that other pathogens have the same survival rate as fecal indicator bacteria.  This may not always be the case since enterococci have been shown to be better predictors of gastrointestinal illness in saline water than fecal coliforms because enterococci have a slower die-off rate when compared to fecal coliform bacteria (EPA, 2001).  Fecal indicator bacteria can survive from a few hours (surface water) up to months (lake sediments) (USGS, 2003).  There is less information on the presence and survival rates of bacteria in ground water since this ﬁeld of study is so recent.   

Other Pathogenic Microorganisms

Ground water free of fecal indicator bacteria can have other pathogenic bacteria, viruses, protozoans and helminths with special survival mechanisms including dormancy (USGS, 2003).  When these pathogens are dormant they are not detectable by the fecal indicator methods currently used.  The two protozoans of major concern are Giardia lamblia and Cryptosporidium.  Pathogenic protozoans exist as cysts that hatch, grow and multiply after ingestion by an appropriate host.  The encystations enable protozoans to survive in harsh conditions such as high temperature and salinity.  Enteric viruses are a group of infectious agents that are excreted in feces and include hepatitis.  While chlorination and ultraﬁltration methods have proven an effective treatment for some of these pathogens in ground water, concerns about biological contamination still persist.  
nutrients
Introduction
Nutrients (nitrogen and phosphorus) are one of the most common ground water contaminants in the state and occur in both the unconﬁned and conﬁned aquifers. EPA estimates that 52 percent of the community water wells and 57 percent of the domestic water wells in the country contain nitrate (USEPA, 2003). Subsurface conditions that make aquifers particularly vulnerable to nitrate contamination are described as porous, water-producing limestone that is overlain by sandy beds and lacking clay or organic components. The long-term accumulation effect of nitrates reaching deep ground water is a concern for Florida’s aquifers and springs.  

The fate and transport of nutrients is dependent on both the form and presence of various microorganisms that play crucial roles in the natural cycle including decomposition. The two primary forms of nitrogen that are of concern to ground water contamination include ammonium (NH4 +) and nitrate (NO3 -2). Ammonium ions will readily adsorb to negatively charged soil particles under anaerobic conditions or be reduced to ammonia by microbial action. Unlike ammonium ions, nitrate ions are not attracted and will not adsorb to soil particles due to a negative charge. Nitrates that are not used in the root zone by vegetation or crops readily leach to the subsurface and accumulate in ground water where they can migrate signiﬁcant distances (Cantor and Knox, 1986). The decomposition of nitrates after they leach to deep aquifer systems is limited.  In contrast, phosphorus will readily bind to soil particles and is much less mobile than nitrates. While nitrates migrate away from contamination zones, phosphorus concentrations can remain elevated because of slow desorption from the sediments (USGS, 2003). Given the right conditions, such as sewage leaching ﬁelds becoming anaerobic, phosphorus can become soluble and leach to ground and surface water. 

Ground water with elevated nitrates can be suitable for drinking water purposes but still impact surface water bodies. Proposed EPA ecoregional nutrient criteria for surface waters are much lower than the MCLs for ground water standards (EPA, 2000). An EPA study found as many as half the nation’s waters do not adequately support aquatic life because of excess nutrients (EPA, 2000). The Agency further identiﬁed nitrogen and phosphorus as the primary causes of eutrophication and resulting algal blooms.  This is important for the ground water and surface water interaction assessments where high concentrations can occur in ground water.  

Inorganic forms of nitrogen that include nitrate, nitrite and ammonium can be related to human activities. EPA cites the primary causes for nitrate contamination in ground water as failed, overloaded, improperly constructed or located septic systems, animal waste and fertilizer (EPA, 2003). However, there are natural processes, such as atmospheric deposition, that are also important sources of nitrate. While the rate of atmospheric deposition of nitrogen has substantially increased due to man, the impacts to ground water are usually not signiﬁcant since the nitrogen is distributed over large areas where plant uptake and soil processes can attenuate nitrogen and lessen subsequent transport to ground water. Where there are concentrated sources or a lack of vegetation, the natural processes are not able to attenuate all the nitrogen, and as a result nitrates leach to ground water and accumulate. 
Nitrogen Cycle - Ammonia, Nitrite and Nitrate
Nitrite, nitrate and ammonia are interrelated forms of nutrients related to nitrogen. To appreciate the complexity of ground water contamination by nitrogen, some understanding of the nitrogen cycle is essential (modiﬁed after http://www.physicalgeography.net) (Figure 1).  
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Figure 1.  Nitrogen Cycle 
Nitrogen gas makes up 80% of the atmosphere, and its deposition to the land surface is an important transport mechanism to ground water. Most of the ambient nitrogen found in soils enters through the “ﬁxation” of atmospheric gas, with a small proportion from rainfall or effects of lightning. Only a specialized group of bacteria, actinomycetes or cyanobacteria, can “ﬁx” the largely inert nitrogen gas into biologically useful compounds. Nitrogen continues its cycle as it moves downward through the soil toward ground water with losses to plant consumption or gaseous diffusion back to the atmosphere from denitriﬁcation that occurs under anaerobic conditions. Mineralization, also known as ammoniﬁcation, is one of the microbial decomposition processes where organic nitrogen is transformed to ammonia (NH3) or ammonium salts (NH4) by decomposers in the soil such as bacteria, actinomycetes and fungi. Ammonium (NH4 ) can be adsorbed onto clay particles in the soil or undergo nitriﬁcation. Nitriﬁcation or chemical oxidation occurs in aerobic conditions when there is a carbon source and autotrophic bacteria (genus Nitrosomonas) present to change ammonia and ammonium to nitrite (NO2). Another type of bacteria (genus Nitrobacter) quickly changes the nitrite (NO2) to nitrate (NO3). Once the nitrogen is in the form of nitrates it is very soluble and easily leaches from the soil system to ground water.
Phosphorus Cycle – Total Phosphorus and Orthophosphate
There is a distinction between total phosphorus (inorganic/organic particulate or dissolved phases) and orthophosphate (inorganic dissolved phase) with the latter consisting of the most stable and reactive phase readily used by plants. Phosphate (PO4) is the most common form in natural waters and will bind to clays or minerals such as calcium, manganese and iron depending on the pH when found in soils. Favorable conditions for phosphorus leaching to ground water include anaerobic conditions and/or sandy soils where the adsorption capacity is minimal. Phosphorus can be found at elevated concentrations in ground water due to contamination or where signiﬁcant natural abundances exist, such as southwest Florida.  Mining activities can concentrate naturally occurring subsurface phosphorus deposits in these areas, affecting surface water and aquifers.
metals
Filtration Issues
Simply stated, the unfiltered represents the "total metal" concentration while the filtered or "dissolved metal" represents only those species of the metal (ions and small complexes/colloids) that are able to pass through the membrane.  The metal concentrations in a filtered sample may or may not be an estimate of the bioavailable fraction.  There are problems inherent with both but the total metal unfiltered sample has fewer artifact problems and is more useful in data interpretation.  In the filtered sample you are only measuring what is "dissolved" at the time of filtration - this can easily change moment by moment.  You are also taking the risk of sample contamination or producing sampling artifacts.  So filtering the sample possibly underestimates or overestimates the true metal concentration and you won't be able to tell when this is occurring if you only do dissolved samples.  Metals that are weakly adsorbed can easily come off at any time but may not be included in the dissolved fraction.  For example, if a person ingests water containing weakly adsorbed metals, the person's pH change in the stomach will cause the metals to desorb and go into the dissolved fraction in the stomach fairly quickly.  This is why the dissolved fraction may not provide an accurate estimate of the bioavailable fraction.  Also, clogging of membranes and contamination during the actual filtration is a constant problem and you never really get a completely "clean" filter.  Metals can also adsorb onto the filter so that the dissolved fraction underestimates the true concentration.  On the positive side, filtration will remove resistant particles that contain metals that may never be in the dissolved phase even after a mild acid digestion.  

The unfiltered sample is subjected to mild acid digestion so that adsorbed metals will go into solution before analysis - making this a more "steady-state" condition if there ever is one!   However, particulates may be present in the sample that give an overestimation of the bioavailable fraction.  On the positive side, you do not lose metals due to adsorption to the sampling equipment/membrane or have greater risk of metal contamination coming from the sampling (tubing/filter) and collection process.  Florida’s primary and secondary ground water standards are based on total digestion without filtering.  Hardness should always be included in the analysis since it is needed for the calculation of surface water standards and can change the toxicity of some metals.  Filtering should only be done in the field while collecting the sample using an inline cartridge/tortuous path-type filter with high capacity.  Samples should never have post-sampling filtration in the lab or unpredictable changes can occur that may not be quantifiable.  
Significant Sources of Metals
Metals can be problematic in assessments since there can be both natural abundance and anthropogenic sources.  Exploring common sources of metals where basin levels are elevated is necessary.  Some sources of metals are difficult to track, such as historic cattle dip vats or landfills with unrecorded locations.  Fertilizers are a common anthropogenic source of metals.  Industrial waste is often used in manufacturing fertilizers.  Massive amounts of this country's hazardous industrial wastes—including such toxic heavy metals as lead, cadmium, arsenic and even radioactive substances—are being incorporated into fertilizers that are unwittingly being applied to land surfaces all over the United States.  Mixing fertilizers with waste products is a common practice, approved by the Environmental Protection Agency, that has received intense criticism.  It's practically impossible to track so there's no way to monitor or assess cause and effect.  
The rare occasion where a connection is identified is usually a result of a catastrophic event or random check on fertilizer composition.  A Fertilizer Product Database has been compiled by Washington State where fertilizers must be analyzed for metals before being approved for marketing.  Washington State’s fertilizer product database provides information on the metals concentrations of each of the nine heavy metals (arsenic, cadmium, cobalt, mercury, molybdenum, lead, nickel, selenium, and zinc) for which Washington State has developed soil loading standards.  Cadmium was found in fertilizers at significant levels from 134 ppm to 277 ppm.  Ironite is a common lawn fertilizer recommended by professional turf specialists that is used by lawn care companies and private homeowners in Florida.  It is made of tailings from an abandoned silver mine in Arizona.  It contains high levels of toxic metals that include arsenic and lead.  Arsenic, a carcinogenic metal with cumulative effects over a lifetime, was found at the highest level, 4,380 parts per million.  Ironite was among the top 10 companies with products containing the most lead.  The owners of Ironite insist the arsenic and lead in the product are so tightly bound with other chemicals (arsenopyrite and galena) that they pose no risk.  Florida’s low organic matter, high sand content and low pH soils are not conducive to adsorption.  Scotts had 21 of the highest 49 arsenic levels in registered products.  
Another source of arsenic worth noting is pressure treated wood.  Florida is first in the nation as the largest user and researchers at the University of Miami and the University of Florida have calculated that Florida has imported 29,000 tons of arsenic since the 1970s – they estimate that this is enough to create a tenfold increase in the arsenic level of the entire top inch of soil in the state.  

[Sources:  http://www.healthresearchbooks.com/articles/fertilizer.htm; http://www.wa.gov/agr/pmd/fertilizers/; 
http://seattletimes.nwsource.com/news/lifestyles/html98/fert_20000326.html; 
http://seattletimes.nwsource.com/news/health-science/html98/fchar_051798.html ]
Special Issues for Metals
The model being applied to the data is only concerned with the exceedance frequency based on the ground water standards or thresholds.  This goal is easier to achieve when compared to analytical designs where the goal is to characterize the ambient trace metal concentrations.  Analysts should consider the magnitude of error caused by well construction, development, laboratory instrumentation and sampling methods that can significantly influence metal concentrations.  By carefully designing the assessment methods, most obstacles can be overcome so that the extent and magnitude of trace metal occurrence can be objectively determined.  The magnitude of error caused by sampling methods has been greatly diminished by clean sampling techniques.  Sampling ground water for mercury and lead requires special ultra-clean sampling techniques.  Lower detection limits in the laboratories and better laboratory methods have also helped to decrease some of the “noise” observed in trace metal data in the past.  
There is a rather vast literature concerning the influences of well construction and development on ground-water quality monitoring results.  Casing materials have been found to contribute to concentrations of Cr, Zn, Fe, Ni, Pb, Mn, and possibly Cd, Tl, and V.  One of the ways an analyst can explore this issue in the data is to look for correlations for each metal between the different well casing materials, well type and metal concentrations.  The presence of lead in ground water wells due to water level recorders or casing materials has been the subject of analytical evaluation.  The lead detections in wells from the Background Network during the years 1994-1997 illustrates that none of the median values were over the ground water standard for lead from wells of any casing type.  There was no significant correlation between lead levels and casing type using the entire dataset using Spearman's nonparametric correlation coefficient.  Even after trimming the data for extreme outliers there was no statistically significant correlation between lead concentration and casing materials.
Other metals such as zinc are pH dependent.  Zinc mobilizes at lower pH levels and is in a dissolved phase at pH < 7 ( ave. rainfall in Florida is < 5) where it is readily leached from soils to groundwater.  So if you are looking at total zinc (includes adsorbed species) in lower pH conditions, a larger percentage will be in the dissoved phase, i.e. - it will be more toxic to organisms.

Zinc is a cation in the soil and readily precipitates out into various oxides, hydroxides and phosphates. Zinc is a micronutrient for the plants and animals. Zinc is an impurity in fertilizer and rarely is deficient for plant growth. In soils that are sandy, high pH and high in organic matter are conditions where Zn may be deficient. When applied, Zn is often chelated and applied directly to the leaves since it precipitates so easily. We do not have a model for its movement. If you find a model I will help you with it. I think I remember that too much Zn in the soil solution often looks like Cu toxicity on the leaf. From my soil chemistry background I would not expect Zn to be a ground water problem from agriculture, an industrial situation and much higher concentrations would be necessary. I do have a minor concern on Zn toxicity in the topsoil with time.
ORGANICS
Introduction

Organic chemicals or synthetic compounds are being found more frequently in ground water and are currently considered by EPA to be the contaminant group of greatest concern.  EPA ground water surveys conducted over the last decade confirm the widespread occurrence of man-made organic contaminants.  Sampling for these contaminants is both difficult and expensive due to at least 65,000 synthetic chemicals are in common use today.  Since most ground water monitoring programs are not able to fund analyzing for all possible organic contaminants, lists of the most commonly found have been useful (Table 1).  The 1984 U.S. Office of Technology Assessment (OTA) names 175 different organic compounds that have been found in ground water surveys.  The USGS studied volatile organic compounds in ground water as part of the National Water Quality (NAWQA) program.  Benzene, methyl bromide, methyl chloride and toluene were most frequently detected in samples from agricultural areas, whereas chloroform, methyl tertiary butyl ether (MTBE), tetrachloroethene (PCE), trichloroethene (TCE) and cis-1,2-Dichloroethene were most frequently detected in samples from urban areas.  The USGS is currently investigating new emerging contaminants such as pharmaceuticals and hormones and other more common organic wastewater contaminants from a targeted sampling project in 2000 of 56 wells across 17 states including Florida.  

The fate and transport of many organic contaminants is dependent on numerous degradation pathways that include at times the presence of various microorganisms.  Some organic chemicals readily degrade in hours while others can persist for a number of years and are a greater threat to ground water.  The fate and mobility of organic contaminants in ground water may be controlled by a combination of solubility (Ksp) (solubility increases with temperature and salinity), organic-water partitioning coefficient (Kow), adsorption properties (Koc), volatilization, hydrolysis, biodegradation, pH and the presence of other chemicals.  

Organic compounds are commonly divided into synthetic organic contaminants (SOCs) and semi-volatile to volatile organic contaminants (VOCs).  Synthetic organic contaminants are pesticides, herbicides, insecticides, rodenticides, & fungicides that are associated with various human activities (e.g., agriculture, residential lawn care, termite protection, golf courses).  Some SOCs can also volatilize.  Volatile organic compounds are carbon-containing compounds that readily evaporate at normal air temperature and mainly are a result of human activities, although some can occur naturally.  They are generally mobile, persistent and toxic and large portions of an aquifer can become contaminated downgradient from a VOC source.  Volatile and semi-volatile organic compounds will persist for long periods of time if they are halogenated (contain chlorine structure).    

Special Issues in Assessing Organics

This assessment of organic contaminants consists of the identification of common organic contaminants and the wells showing exceedances of the ground water standards or guidance concentrations.  Although the assessment calculates the percentage of detections for each analyte, these percentages must be used with the understanding that data can produce a high number of nondetections and be misleading if limited analyte lists were used and/or the sampling did not occur where organic contaminants are used.  The analysis of the spatial extent will determine if there is a basin wide concern but will not identify localized plumes and specific sources of organic contaminants.   

Because organic chemicals are so numerous, have a limited areal presence and are associated with high analytical laboratory costs, they are usually sampled only within a targeted sampling design.  Due to these considerations, the Status Network did not include any organic chemical analytes.  The data analyses for organic contaminants rely on other DEP targeted ground water sampling that include the Background Network and Very Intense Study Areas (VISA).  These data are also supplemented with DEP’s WSRP Private Water Well Sampling data, DOH HRS Private Well Study and Public Water Supply monitoring data.  These data are inventoried to identify common ground water organic contaminants in Florida along with those commonly found elsewhere in the country (Table 2).  The most common organic contaminants in ground water for the country are listed by group with DEP’s ground water maximum contaminant limit (MCL) or guidance concentration (GCL) in Table 1.  

UNDERSTANDING CONVENTIONAL PARAMETERS
Turbidity
Wells that have high turbidity should not be eliminated from sampling and may indicate surface water to ground water influences or poor well construction.  Turbidity is caused by the presence of organic particles (decomp plant/organism debris), particulate matter such as clay, silt colloidal particles and microscopic organisms (detritus from iron bacteria).  

Elevated turbidity is a very important indicator for other contaminants.  Drinking water concentrations are usually less than 1 NTU.  With the increased adsorptive capacity of higher turbidity, there may be more harmful inorganic and organic compounds.  Turbidity/Coliform exceedances were significant for community public drinking water systems based on an EPA nationwide study.  Increased turbidity may affect chlorine, coliforms, oxygen demand and certain trace metals.  The FDEP SOPs state turbidity should be under 20 NTUs.  If it is more than that, the sampler should decrease the pumping rate, and sample when there are 3 consecutive measurements within 5 NTUs or 10%. So if the well stabilized at say, 60, 56, 64, the sampler could sample it.
The strength of the bonds in some metal-organic complexes may lead to an underestimation of the metal concentrations.  Turbidity can also have a significant effect on the microbiological quality of drinking water.  Turbidity can interfere with the detection of bacteria and viruses in drinking water.  More importantly turbid water has been shown to stimulate bacterial growth.  Since nutrients are adsorbed onto particulate surfaces, the attached bacteria are able to grow more rapidly than those in free suspension. High turbidity has been shown to protect microorganisms from the action of disinfectants and increase the chlorine and oxygen demand.

APPENDIX

[image: image34.wmf]POTENTIAL SOURCE

METAL OR METALLOID CONTAMINANT

Commerical/Industrial

Gas Stations/Above-ground Storage Tanks

As, Ba

Automobile, Body Shops/Repair Shops

As, Ba, Cd, Cu, Pb

Boat Repair/Refinishing/Marinas

Cd, Hg, Pb

Cement/Concrete Plants

Ba

Chemical/Petroleum processing

As, Al (Fume or Dust), Ba, Cd, Cu, Hg, Pb, Se

Construction Demolition

As, Cd, Cu, Pb, Zn (fume or dust)

Cooling Tower Additives

Cd

Dry Goods Manufacturing

Ba, Cd, Cu

Electrical/Electronic Manufacturing

Al (fume or dust), Sb, As, Ba, Cd, Cu, Hg, Pb, Tl, Zn (fume or dust)

Fleet/Trucking/Bus Terminals

As, Ba, Cd, Hg, Pb, Se

Food Processing

As, Cd, Cu, Hg, Pb

Furniture Repair/Manufacturing

Ba, Hg, Pb, Se

Hardware/Lumber/Parts Stores

Al (fume or dust), Ba, Cd, Hg, Pb

Home Manufacturing

As, Ba, Cd, Cu, Hg, Pb, Se

Industrial Wastewater

Ag, Al, As, Ba, Cd, Cr, Cu, Fe, Hg, Ni, P, Pb, Sb, Se, Tl and Zn

Junk/Scrap/Salvage Yards

Ba, Cu, Pb

Machine Shops

As, Al (fume or dust), Cd, Cu, Hg, Pb, Se and Zinc (fume or dust)

Medical/Vet Offices

As, Ba, Cd, Cu, Hg, Pb, Ag, Tl

Metal Plating/Finishing/Fabricating

Ag, Al (fume or dust) As, Ba, Cd, Cr, Cu, Hg, Pb, Sb, Se, Tl, Zn (fume or dust)

Military Installations

As, Ba, Cd, Hg, Pb, Se

Mines/Gravel Pits

Ag, As, Ba, Cd, Cu, Mn, Pb, Se

Motor Vehicle Waste Disposal

As, Ba, Cd, Cu, Pb

Office Building/Complex

Ba, Cd, Cu

Pesticides/Home Fertilizer

As, Cd, Hg, Mo, Ni, Pb, Zn

Photo Processing/Printing

Ag, Al (fume or dust), As, Ba, Cd, Cu, Pb, Hg, Se and Zn (fume or dust)

Synthetic Plastics Production

As, Ba, Cd, Cu, Hg, Pb, Sb, Se and Zinc (fume or dust)

RV/Mini Storage

As, Ba and Pb

Railroad Yards/Maintenance/Fueling Areas

Ba, Cd, Hg, Pb

Research Laboratories

As, Ba, Cd, Hg, Pb, Se

Retail Operations

As, Ba, Cd, Hg, Pb

Underground Storage Tanks

As, Ba, Cd Pb

Wood Preserving/Treating

Pb

Wood/Pulp/Paper Processing

As, Ba, Cd, Cu, Hg, Pb, Se

Note:  This chart lists some facilities and

(Harrington, 2001)

activities that are potential sources of

contamination.  This does not mean that it will

always occur at the associated source, nor

does it encompass all contaminants that may

be present.  

LANDUSE AND SOURCES OF METALS


[image: image35.wmf]POTENTIAL SOURCE

METAL OR METALLOID CONTAMINANT

Residential/Municipal

Airports (Maintenance/Fueling Areas)

As, Ba, Cd, Cu, Hg, Pb, Se

Drinking Water Treatment Facilities

Cd, Pb

Golf Courses and Urban Parks

As

Landfills/Dumps

As, Ba, Cd, Hg, Pb, Se

Public Buildings (e.g., schools, fire/police stations)

As, Ba, Cd, Hg, Pb, Se

Utilitity Station

As, Ba, Cd, Hg, Pb

Wastewater Treatment Facilities/Discharge Locations

Ag, As, Cd, Cu, Hg, Ni, P, Pb, Sb, Se, Zn

(includes land disposal and underground injection of sludge)

POTENTIAL SOURCE

METAL OR METALLOID CONTAMINANT

Agricultural/Rural

Pesticides/Fertilizers

As, Cd, Hg, Mo, Ni, Pb, Zn

POTENTIAL SOURCE

METAL OR METALLOID CONTAMINANT

Miscellaneous

Naturally Occurring

Ag, Al, As, Ba, Cd, Cr, Cu, Fe, Hg, Pb, Mn, Mo, Ni, Sb, Se, Zn 

Note:  This chart lists some facilities and

(Harrington, 2001)

activities that are potential sources of

contamination.  This does not mean that it will

always occur at the associated source, nor

does it encompass all contaminants that may

be present.  

LANDUSE AND SOURCES OF METALS
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Descriptive Statistics (11 Major outliers excluded): VALUE by CASE_MAT

Variable   CASE_MAT          N       Mean     Median     TrMean      StDev

VALUE      *                 1     6.6700     6.6700     6.6700          *

           A                11      22.29       8.19      16.39      32.02

           C                 2     0.4500     0.4500     0.4500     0.0707

           G                51       7.78       1.07       4.18      18.36

           I                21       33.3       14.0       27.3       52.7

           L               228       9.83       1.15       5.52      25.34

           M                 3       4.37       0.40       4.37       7.13

           N                 1     2.7000     2.7000     2.7000          *

           P               426      10.43       2.50       6.74      22.10

           S               322      13.02       1.05       5.03      44.63

           U                11      14.40       4.62      11.47      17.20

           V               214      26.72       3.47      14.04      67.10

           X               462       9.45       1.40       4.42      27.87

           Y                 1     10.100     10.100     10.100          *

           Z                12       4.53       1.32       2.53       8.16

Variable   CASE_MAT    SE Mean    Minimum    Maximum         Q1         Q3

VALUE      *                 *     6.6700     6.6700          *          *

           A              9.65       0.73      97.00       1.00      24.20

           C            0.0500     0.4000     0.5000          *          *

           G              2.57       0.10      99.00       0.40       3.01

           I              11.5        0.1      180.0        0.9       40.5

           L              1.68       0.10     202.00       0.40       6.25

           M              4.12       0.10      12.60       0.10      12.60

           N                 *     2.7000     2.7000          *          *

           P              1.07       0.10     200.00       0.78       9.80

           S              2.49       0.10     374.00       0.40       4.67

           U              5.18       0.30      54.90       1.18      28.00

           V              4.59       0.10     450.00       1.00      16.00

           X              1.30       0.10     247.00       0.65       5.10

           Y                 *     10.100     10.100          *          *

           Z              2.36       0.10      29.00       0.20       5.63

TABLE A1.  COMMON ORGANIC CONTAMINANTS
_____________________________________________________________________________________

CONTAMINANT                MCL OR GCL (ug/L)

 
 POSSIBLE SOURCE

______________________________________________________________________________________

Synthetic Organic Chemicals 
______________________________________________________________________________________

Ethylene Dibromide (EDB)
0.02



Agricultural 

Endrin                    

2



Agricultural


Lindane                   

0.2



Agricultural

Methoxychlor              
40



Agricultural/Residential

Toxaphene                 
3



Agricultural

2,4-D                     

70



Agricultural

Atrazine


3



Agricultural/Residential

2,4,5-TP (Silvex)         
50



Agricultural

______________________________________________________________________________________

Volatile Organic Chemicals  *
______________________________________________________________________________________

1,2-dichloroethane             
3     



Degreasing/Paint Removal

1,1-dichloroethylene           
7       



Degreasing/Solvents

1,1,1-trichloroethane          
200       



Metal and Plastic Cleaning

Benzene                        
1     



Gasoline/Manufacturing

Carbon Tetrachloride               3     



Industrial/Residential

Tetrachloroethylene (PCE)
3



Dry Cleaning/Metal Degreasing

Toluene


40



Gasoline/Manufacturing

Trichloroethylene (TCE)           
3



Dry Cleaning/Metal Degreasing

Vinyl Chloride                 
1



Plastics/Manufacturing

Xylenes


10000



Gasoline/Solvents

______________________________________________________________________________________

Disinfection By-Product Chemicals  *
 _____________________________________________________________________________________

Bromoform

4



Disinfection Product

Bromodichloromethane
0.6



Disinfection Product

Chloroform

6



Disinfection Product

Dibromochloromethane
1



Disinfection Product

Total Trihalomethanes     
100



Disinfection Products

______________________________________________________________________________________

*  Includes semi-volatile and volatile

APPENDIX B

DETECTIONS OF 

ORGANIC CONTAMINANTS

SUMMARY OF VOLATILE ORGANIC CONTAMINANT DETECTIONS 

BACKGROUND NETWORK

· UNCONFINED - Detections for Benzene, Bromodichloromethane, Bromoform, Chloroform, Dibromochloromethane, Ethylbenzene, Tetrachloroethene, Ethylbenzene, Tetrachloroethene, Toluene, Trichloroethene
· CONFINED - Detections for 1,1-Dichloroethane, 1,4-Dichlorobenzene, Dibromochloromethane, Benzene, Bromodichloromethane, Bromoform, Chlorobenzene, Chloroform, Ethylbenzene, Tetrachloroethene, Trichloroethene

· OVER THE MCL - Bromodichloromethane, Bromoform, Benzene, Dibromochloromethane, Trichloroethene
VISA STUDY

· UNCONFINED - Detection for 1,2-Benzisothiazole

· CONFINED - Detections for 1,2-Benzisothiazole and Benzene

· OVER THE MCL - Benzene
HRS PRIVATE WELL STUDY

· UNCONFINED - Bis(2-ethylhexyl)phthalate, Bromodichloromethane, Bromoform, Bromomethane, Chloroform, Chloromethane, Di-n-butyl phthalate, Di-n-octyl phthalate, Dibromochloromethane,   Naphthalene

· CONFINED – Bis(2-ethylhexyl)phthalate, Bromodichloromethane, Bromoform, Chloroform, Chloromethane, Dibromochloromethane, Di-n-octyl phthalate, Naphthalene

· OVER THE MCL - Bromodichloromethane, Bromoform, Chloroform, Chloromethane, Dibromochloromethane, Bis(2-ethylhexyl)phthalate
SUMMARY OF SYNTHETIC ORGANIC CONTAMINANT DETECTIONS 

BACKGROUND NETWORK – None

VISA STUDY – None

HRS PRIVATE WELL STUDY – Detections of diazinon, malathion and lindane.
	SUMMARY OF SYNTHETIC ORGANIC CONTAMINANTS BY DISTRICT


	Statewide Pesticide 

Synthetic Organic Exceedances

	 

	 
	Total
	 
	Total
	Exceeds
	Percent 

	District
	Stations
	Type
	Samples
	MCL
	Exceeds

	 
	
	
	
	
	 

	NWFWMD
	1298
	BKGD
	5265
	0
	0.00%

	 
	
	HRS
	16168
	6
	0.04%

	 
	 
	VISA
	27155
	14
	0.05%

	 
	
	
	
	
	 

	SWFWMD
	1412
	BKGD
	8957
	0
	0.00%

	 
	
	HRS
	16431
	2
	0.01%

	 
	 
	VISA
	9613
	15
	0.16%

	 
	
	
	
	
	 

	SFWMD
	1403
	BKGD
	12000
	5
	0.04%

	 
	
	HRS
	13024
	0
	0.00%

	 
	 
	VISA
	10598
	3
	0.03%

	 
	
	
	
	
	 

	SRWMD
	958
	BKGD
	3848
	0
	0.00%

	 
	
	HRS
	7064
	1
	0.01%

	 
	 
	VISA
	10221
	0
	0.00%

	 
	
	
	
	
	 

	SJRWMD
	1427
	BKGD
	3946
	0
	0.00%

	 
	
	HRS
	13196
	1
	0.01%

	 
	 
	VISA
	20784
	21
	0.10%


	COMPARING BACKGROUND  WELLS TO TALLAHASSEE CITY SUPPLY WELLS


	Background Network Wells - Organic Contaminants

	Sampling Period 1985-1994

	 
	
	
	 

	Parameter Name
	Number Detections
	Number over MCL
	Percent of Detections

	 
	
	
	 

	1,1-Dichloroethane
	1
	0
	3.4%

	1,4-Dichlorobenzene
	1
	0
	3.4%

	Benzene
	2
	1
	6.9%

	Bromodichloromethane
	6
	3
	20.7%

	Bromoform
	2
	1
	6.9%

	Chlorobenzene
	1
	0
	3.4%

	Chloroform
	4
	0
	13.8%

	Dibromochloromethane
	2
	1
	6.9%

	Ethylbenzene
	3
	0
	10.3%

	Tetrachloroethene
	3
	0
	10.3%

	Toluene
	2
	0
	6.9%

	Trichloroethene
	2
	1
	6.9%

	 
	 
	 
	 

	 
	
	
	 

	Totals 
	29
	7
	100%

	 
	 
	 
	 

	
	
	
	

	Tallahassee City Supply Wells - Organic Contaminants

	Sampling Period 1997-2001

	 
	
	
	 

	Parameter Name
	Number Detections
	Number over MCL
	Percent of Detections

	 
	
	
	 

	1,1-Dichloroethane
	2
	0
	0.2%

	1,1-Dichloroethylene
	15
	0
	1.8%

	1,2,3-Trichloropropane
	1
	0
	0.1%

	1,2-Dibromoethane (EDB)
	1
	1
	0.1%

	2,2-Dichloropropane
	2
	0
	0.2%

	4-Chlorotoluene
	2
	0
	0.2%

	Bromodichloromethane
	3
	0
	0.4%

	Bromoform
	2
	0
	0.2%

	Chloroethane
	1
	0
	0.1%

	Chloroform
	105
	0
	12.6%

	cis-1,2-Dichloroethylene
	28
	0
	3.4%

	Dibromochloromethane
	1
	0
	0.1%

	Dichlorodifluoromethane
	20
	0
	2.4%

	Methylene chloride
	9
	0
	1.1%

	Tetrachloroethylene (PCE)
	352
	231
	42.2%

	Trichloroethylene (TCE)
	221
	0
	26.5%

	Trichlorofluoromethane
	69
	0
	8.3%

	 
	 
	 
	 

	 
	
	
	 

	Totals 
	834
	232
	100.0%

	 
	 
	 
	 


BIBLIOGRAPHY
U.S. Environmental Protection Agency, 1986, Ambient water quality criteria for bacteria, 1986: U.S. Environmental Protection Agency Office of Water, EPA 440/5–84–002, 18 p.






GROUND WATER 


RESOURCE INDEX (GRI)








Potable Water





Highest designated use of ground water





GRI is used to evaluate ground water quality on basinwide and subregional scales to identify broad areas where ground water standards or guidance concentrations are not being met.  It uses parameters that have a ground water standard or guidance concentration within the following contaminant groups such as Nutrients, Biological, Metals, Inorganics, Organics, and Saltwater Intrusion.





GRI is based on the percent of wells that exceed a ground water standard or guidance concentration for a specific parameter and is calculated with and without aquifer stratification.  FDEP ground water data from recent and historic monitoring programs are considered in the evaluation.








GROUND WATER–SURFACE WATER RELATIONAL ASSESSMENT (SRA)





Base Flow





Base flow that supports aquatic life





SRA is used to evaluate ground water to identify broad areas where surface water criteria or reference values indicate there is a potential to adversely impact surface water.  The priority is to assess the potential for ground water influence on impaired/potentially impaired surface waters per Florida’s Impaired Surface Water rule (IWR) methodology. 





The SRA is initially based on the percent of wells that exceed surface water standards or conditions necessary to support aquatic life.  Information such as hydrogeology; geochemistry; surface water quality and hydrology; and land use are also considered to evaluate the local ground water to surface water interaction.
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