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ABSTRACT

This report describes the results of a field screening of water, bottom sediment, and biota associated with irrigation drainage in the Helena Valley in west-central Montana. Data were collected in 1993-1995 from 27 wells, 4 suction lysimeters, 13 surface-water sites, 3 bottom-sediment sites, and 8 biological sites in areas potentially affected by canal seepage and irrigation drainage from the Helena Valley Irrigation District.

The Helena Valley receives about 63,000 acre-feet of water diverted from the Missouri River annually. At the point of diversion, the concentration of naturally occurring arsenic ranges from about 22 to 34 micrograms per liter (µg/L). The Montana Department of Environmental Quality has established a human health standard of 18 µg/L arsenic for drinking water and the U.S. Environmental Protection Agency has established a maximum contaminant level of 50 µg/L arsenic for treated drinking water.

Domestic and community-supply wells in the Helena Valley are completed in shallow aquifers that are partly recharged by infiltrated irrigation water that can affect the quality of water in the aquifer. Some of the irrigation water returns as surface drainage to Lake Helena, a shallow lake used by water birds, raising concerns regarding biological risks from potentially high levels of arsenic.

Trace-element concentrations in ground water generally were low, with some exceptions. Arsenic concentrations in samples collected from 27 wells during this study ranged from less than 1 to 22 µg/L, with a median value of 2 µg/L.

In the populous, western part of the valley, drinking water typically is obtained from an alluvial aquifer. The median arsenic concentration in ground water at depths greater than 3 ft below the water table in the alluvium as 1.2 µg/L. Arsenic concentrations generally were higher in irrigation water than in soil moisture, and higher in soil moisture than in shallow ground water beneath irrigated fields. This trend suggests that arsenic is sorbed to soil particles as irrigation water percolates through the soil profile, and is diluted by ground water as it infiltrates to the underlying aquifer. Deeper in the alluvial aquifer, arsenic may continue to sorb and be diluted, or hydraulic gradients may prevent the infiltrated irrigation water from moving downward, resulting in low arsenic concentrations at depth.

The highest arsenic concentrations measured in ground water (17 and 22 µg/L) correspond to domestic wells completed in Tertiary sediments beneath the Spokane Bench in the eastern part of the Helena Valley. Potential sources of arsenic to ground water in this area are infiltrated irrigation water and dissolution of arsenic-bearing minerals. In contrast to the permeable alluvial aquifer in the western part of the valley, the Tertiary aquifer has low permeability and probably does not transmit sufficient quantities of ground water to dilute arsenic significantly.

Trace-element concentrations in surface water generally were low, with the exceptions of arsenic and zinc. Arsenic concentrations in samples from 12 irrigation-drain, natural-stream, and lake sites ranged from 2 to 25 µg/L, with median concentrations of 5.5 µg/L during the non-irrigation season and 15 µg/L during the irrigation season. The highest concentration corresponds to water from a drain that receives direct spills from lateral canals. Samples from most surface-water sites within the Helena Valley Irrigation District had higher arsenic concentrations during irrigation season than during non-irrigation season, in contrast to a reference site not affected by irrigation drainage, at which the arsenic concentration decreased slightly during irrigation season. Moderately elevated zinc concentrations in Prickly Pear Creek probably result from historical mining and industrial activities.

National hazard levels have not been established for bottom-sediment constituents. Three samples of bottom sediment from Lake Helena had arsenic and trace-metal concentrations that are comparable to concentrations in bottom sediment from wetlands impaired by mining. For example, the maximum concentrations for the three samples were 46 µg/g for arsenic, 47 µg/g for chromium, 82 µg/g for copper, 170 µg/g for lead, and 600 µg/g for zinc. Possible sources of trace metals in the bottom sediment include irrigation drainage causing mobilization of smelter fallout on irrigated lands, and fluvial transport from upstream mining areas.

Many of the 7 aquatic-invertebrate samples, 14 fish samples, and 5 water-bird-liver samples from the Helena Valley had concentrations of the trace elements arsenic, cadmium, copper, lead, and zinc that were elevated relative to concentrations in samples from uncontaminated sites statewide and nationwide. However, few samples had concentrations that were elevated sufficiently to indicate biological risk. Trace-element concentrations in water-bird-liver samples, as well as organochlorine residues in 14 fish samples of both young and old age classes, pose no threat to the health of the organisms or to their predators in the Helena Valley. In contrast, cadmium concentrations in invertebrates may pose a threat to their predators. In addition, cadmium concentrations in invertebrates may pose a threat to the health of the organisms or to their predators in the Helena Valley. In contrast, cadmium concentrations in invertebrates may pose a threat to their predators. In addition, cadmium and lead concentrations in some fish exceeded the concentrations considered potentially harmful to predators if consumed on a sustained basis.
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