Chapter 3 - Ground Water Quality Assessment

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 add to discussion of fate and transport to match other sections?}
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).  

