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Naturally occurring trace elements, including iron and manganese, are commonly detected in Glacial Aquifer wells in the United States at a wide range of concentrations. However, few wells exceeded a relevant water-quality benchmark. Only one well, a monitor well, had 3 trace elements that exceeded health-based screening levels (HBSL). Manganese and arsenic were the two most common co-occurring trace elements that exceeded HBSLs in 29 of 847 wells sampled.

Many of the elements sampled are micro-nutrients required for human health. Essential metals include chromium, cobalt, copper, iron, molybdenum, nickel, selenium, strontium, vanadium, and zinc, but in high amounts can also be toxic. In fact, chromium, copper, nickel, selenium, and zinc are also U.S. Environmental Protection Agency (USEPA) priority pollutants. Others, such as antimony, arsenic, beryllium, cadmium, lead, thallium, and uranium are highly toxic priority pollutants, and aren't known to be nutrients at any level. The remaining elements studied, barium and lithium can be toxic in large amounts.

Few samples had concentrations for any trace element that exceeded relevant drinking-water standards however, the full implications to human health can not be assessed without information on the population served by the wells that had concentrations of concern. Human-health benchmarks, such as non-enforceable lifetime health advisory levels (LHA), were exceeded more often than drinking-water maximum contaminant levels. 

Manganese most often exceeded its benchmark (LHA) in the glacial aquifer system wells. Of the 1,590 wells sampled for manganese, only 556 are private or public drinking-water supplies and of those, 9.9 percent (55) exceeded the manganese LHA. Fewer wells had concentrations of arsenic, selenium, or uranium that exceeded relevant health-based benchmarks in part because only about 847 samples were analyzed for most trace elements. Most concentrations that exceeded a relevant health-based benchmark were from West-central area (Iowa, Minnesota, North and South Dakota, Nebraska, and Kansas) wells, however, there is little geographical pattern to the wells with concentrations of concern.

Ground-water sampling, from 1991 through 2003, of the National Water-Quality Assessment (NAWQA) Program of the U.S. Geological Survey, determined trace element concentrations in 847 wells in the glacial aquifer system. Dissolved iron and manganese concentrations were analyzed in those wells and in an additional 743 wells. 

Patterns of trace element concentrations in glacial aquifer ground water were examined using techniques suitable for a dataset with zero to 80 percent of analytical results reported as below detection. Strontium and barium are the most frequently detected and usually the highest concentrations. Iron and manganese are the next most commonly detected and next highest in concentrations. Iron concentrations are the most variable with respect to the range of variations (both within local networks and aquifer-wide) and with respect to the disparity between magnitude of concentrations (detections) and the frequency of samples below reporting limits (non-detections). 

Antimony, beryllium, cadmium, silver, and thallium, were detected too few times for substantial interpretation of their occurrence or distributions. There are some broad geographic patterns that primarily reflect climate effects. The highest concentrations of several elements were found in the West-central glacial framework area (High Plains and northern Plains areas). The West-central area generally has the lowest precipitation and highest evapotranspiration in the glacial aquifer.

There are important patterns for some elements by depth, land use, water use (drinking-water supply or monitoring) or well type. Iron concentrations were related to the well type sampled. Shallow land-use (monitor) wells had concentrations generally lower than the overall glacial distribution and much lower than major aquifer survey wells comprising mostly private- and public-supply wells. Unlike iron, manganese concentration patterns were similar among shallow land-use wells, deeper water-supply wells, and combined glacial aquifer system wells. An apparent relation between low pH and relatively low concentrations of many elements, except lead, may be more indicative of the relatively low dissolved-solids content in northeastern U.S area wells that comprise the majority of low pH wells.

Most elements exhibited some patterns in concentrations related to the environmental factors examined. Many were higher in shallower wells than deeper wells. This may be because the dissolved organic carbon is generally higher in shallower wells and monitor wells than in deeper wells and those used for drinking-water supply. Dissolved organic carbon compounds can interact with dissolved metals in such as way as to increase the amount of metals dissolved in ground water. Overall, copper, lead, and zinc showed the fewest patterns with respect to environmental characteristics examined. 

Iron and manganese have higher concentration distributions under more reducing conditions. However, it is difficult to further examine the redox implications for Fe and Mn other than with dissolved oxygen because the the concentrations of Fe and Mn  were used in determining the redox categories that were used for the trace elements. Dissolved oxygen and well depth had relatively strong relations to iron and manganese. 

Redox conditions also affect several trace elements such as arsenic and uranium, however, a comparison of redox categories, based in part on iron and manganese concentrations, indicated that most redox-sensitive elements concentrations were not significantly different among redox categories based on the data examined. 

The range of redox affectations was from most affected by redox conditions to least:


Cu > As > Co = Se > Ba = Cr = Mo > Ni = U > Sr = Pb >  Li = V > Zn

Some of the redox related patterns were not what would be expected based on electrochemical behavior. Copper appears to be more redox sensitive than arsenic but in a pattern opposite that of arsenic. Copper is generally higher in oxygen-rich water than ground water without dissolved oxygen. Barium appears to be more redox sensitive than chromium and molybdenum even though dissolved barium exists strictly as a divalent cation (2+) and chromium and molybdenum both have multiple soluble oxidation states and can readily form oxyanions under certain conditions. Furthermore, barium is affected by redox conditions in at least one well network even though it is not a redox-sensitive element. Concentrations of barium in portions of the glacial aquifer system are limited by sulfate, which is strongly affected by redox conditions. Antimony, arsenic, chromium, cobalt, molybdenum, selenium, uranium, and vanadium are considered typically "redox sensitive". Except for arsenic, "redox sensitivity" plays only a minor role in the distribution of these elements in the glacial aquifer.

