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UNDERSTANDING METAL CONTAMINANTS 

AND GROUND WATER QUALITY

Introduction

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 related to a natural abundance in the aquifer matrix and/or anthropogenic sources.  Anthropogenic sources are sometimes difficult to track, such as, historic cattle dip vats or landfills with unrecorded locations.  Toxic metals are commonly transported during high/storm flow and include nonessential constituents such as As, Cd, Hg, Pb, Ti and U (Harrington, 2001).  Essential constituents such as Co, Cu, Mn, Se and Zn can also occur at toxic levels.  Reference to toxic metals in this paper include metals considered to be toxic pollutants or essential constituents that can be present in toxic concentrations such as:  Co, Cr, Cu, F, Fe, I, Mn, Mo, Ni, Se, Si, Sn, V and Zn.  There is a fairly narrow "concentration window" between the essential and toxic levels of these constituents, whereby some essential constituents (e.g., Se and V) can, at high concentrations, be significantly more toxic than some non-essential constituents (e.g., Hg) (Florence, 1982a; Morrison, et al., 1989).  
The mobility, availability, and possible toxicity of metals are influenced by multiple chemical and physical reactions (Fig. 11) (Michaelis, 1990; Sadig, 1992). Metals are partitioned into dissolved, suspended and sediment phases through processes such as sorption, mineral precipitation, photoreduction and biological interaction (Church et al., 1997).  Solubility, mobility, and potential bioavailability of particle-bound metals can be increased by four factors: (1) lower pH below the pH adsorption edge (narrow range of approximately 1 to 2 pH units where adsorption shifts between 0 and 100 percent); (2) increased natural complexing agents; (3) increased salt concentration (salts compete for sorption sites and form soluble chlorocomplexes with some trace metals, reducing the formation of particulate metal complexes) (Warren and Zimmerman, 1993).  
Previous studies indicate the necessity for careful selection of the digestion method and media for meaningful metal data.  For the purpose of this study the aqueous phases were divided into two categories: (1) those generally considered bioavailable and designated dissolved/leachable metals -- described as metals in solution at pH ~3-4 (Duinker et al., 1979; Schirmer, 1990; Pakalns and Batley, 1978, Batley and Farrar, 1978,  Florence, 1982a; and Florence 1982b); and (2) total recoverable metals described as metals in solution at pH  ~2 and released by UV photo-oxidation, nitric acid and hydrogen peroxide (Schafer and Overdier, 1995; and Hoffman et al., 1996).  There is no current digestion method for aqueous samples that is both vigorous enough for total digestion and compatible with the new ICP-MS technology.  Total recoverable metals for whole water reflects a digestion method where approximately 95% of the metals are released including those in resistant oxides and sulfides.  Those that are not released are the residual metals -- described as resistant mineral associated metals, bound within mineral lattices, e.g., heavy minerals or those bound in lattice positions in aluminosilicates (Warren and Zimmerman, 1993).  The dissolved/leachable metals reflects those metals that may be in bioavailable phases while the total recoverable metals includes both metals that may be bioavailable along with more stable phases that are only partially released through an organism's digestive processes.

The levels of metals in sediments can be related to background levels of weathering products, diagenetic processes or the result of human induced pollution and the determination between sources can be difficult.  Many studies have shown that the sediment load (suspended particular matter and transported bed sediments) can be significant transporters of pollutant constituents (Negrel, 1997; Presley et al., 1980; Olsen et al., 1989; Sinclair el al., 1989).  There have been many attempts to develop methods to differentiate between natural and anthropogenic sources for metals.  Schirmer (1990) used the estimation of anthropogenic pollution by comparing current concentrations to those in pre-industrial sediments, as published by Turekian and Wedepohl (1961).  Many other researchers have commonly used the metal/aluminum ratio for normalization.  However, there is no consensus of agreement on using metal/aluminum ratios to identify anthropogenic background levels and normalize concentrations (Donoghue et al., 1998; Negrel, 1997; Scoullos et al., 1996; Schropp et al., 1980; Schropp and Windom, 1988).  
Significant Sources of Metals
Studies of metals in ecosystems have suggested that many areas near urban centers, metals mines or major road systems contain anomalously high concentrations of heavy metals.  In particular, soils in these areas have been contaminated from a wide range of sources with Pb, Cd, Hg, As and other heavy metals (Alloway, 1990).  Ecosystem deterioration has been observed to result from routing stormwater into existing estuaries, lakes and wetlands.  Land development can also be a primary source of large fluxes of pollutants due to construction practices, leached building materials, residential/agricultural fertilizers and industrial waste.  Urban runoff from densely populated areas can result in the delivery of extremely high loadings or induce geochemical changes, resulting in metal-enriched sediment (Ellis, et al., 1994).

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 and 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 ]

Filtration Issues

Florida’s primary and secondary ground water standards are based on total digestion without filtering.  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 two-year extensive study by Schirmer (1990) explored relationships between the bioaccumulation of metals and the phases - i.e., suspended solids, leachable metals in sediment at pH 3 (moderately reducible fraction), and residual sediments.  This research indicates that the popular method of metal evaluation (including toxicity) which is based on the typical “dissolved” concentration (unacidified sample passed through 0.45 um filter) in the water column may be too limited in scope.
Special Issues for Metals

The GRI and SRA 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 concentrations and casing materials.

