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ABSTRACT

Freezout Lake Wildlife Management Area (WMA) receives drainage from adjacent irrigated land. Results of a 1986 reconnaissance study and a 1990-92 detailed study indicated that some selenium concentrations in water, bottom sediment, and biota in Freezout Lake WMA wetlands were higher than established criteria and standards, raising concerns about potential toxicity to aquatic organisms and water birds. In 1994-95, a second detailed study was conducted to determine the distribution, mobilization, and accumulation of selenium associated with irrigation drainage from land underlain by glacial-lake deposits in the southern part of the Freezout Lake WMA. Interpretations presented in this report are based on data obtained in 1986-95 from 25 soil for dill-core sites, 8 ground-water sites, 5 soil-moisture sites, 30 surface-water sites, 35 bottom-sediment sites, and 21 biological sites in a 20 square-mile area in and near the southern part of the WMA.

Freezout Lake WMA is bordered on the south and east by seleniferous glacial-lake deposits. Precipitation and selenium-free irrigation water infiltrate the deposits and dissolve and mobilize selenium. Selenium-rich ground water then discharges into open irrigation drains. The irrigation drains discharge into wetlands of Freezout Lake and Pond 5 in Freezout Lake WMA. In the wetlands, selenium is removed from water and accumulates in bottom sediment and biota.

Sparingly soluble selenium-enriched gypsum that formed prior to irrigation probably constitutes a slowly diminishing reservoir of selenium in the glacial-lake deposits. As selenium-free irrigation water percolates through soil, it dissolves this naturally occurring selenium. Selenium concentrations in soil moisture and shallow ground water are further increased by evapoconcentration. Maximum concentrations were 1,100 micrograms per liter (ug/L) in soil moisture and 190 ug/L ground water.

Selenium in irrigation drainage is derived primarily from groundwater discharge. The acute-toxicity criterion for aquatic life of 20 ug/L was exceeded in water from all four sampled drains that convey water primarily from glacial-lake deposits; the highest measured concentration was 180 ug/L. During the irrigation season, selenium concentrations in irrigation drainage were lower than during the non-irrigation season because of dilution from increased flow caused by irrigation. Selenium loads in irrigation drains were highest during the beginning of the irrigation season.

Irrigation drainage discharges into wetlands in Freezout Lake WMA. The average annual load of selenium from irrigated glacial-lake deposits to Freezout Lake WMA wetlands is about 200 pounds, or about 0.06-0.08 pound per acre of irrigated land.

Selenium that discharges from irrigation drains to Freezout Lake WMA wetlands is converted rapidly by biogeochemical processes from soluble, oxidized selenate to insoluble, reduced selenium species, which accumulation the reduced, organic-rich bottom sediment. Consequently, selenium concentrations are low in lake water (less than 3 ug/L), except in small areas near the mouths of drains. Selenium concentrations are high in bottom sediment (maximum of 13 micrograms per gram) and decrease with distance from the mouths of drains.

Biota samples typically had higher selenium concentrations than national average background concentrations. Concentration increases from water and bottom sediment to biota, and from lower to higher trophic levels, indicate that selenium is bioaccumulating. In addition, most invertebrate and fish samples collected from irrigation drains that convey water from glacial-lake deposits, and from wetlands at the mouths of those drains, had selenium concentrations that exceeded the critical threshold concentration for water-fowl dietary ingestion of 5 micrograms per gram dry weight. However, no overt indications of reproductive impairment were observed in water birds nesting near the drains and wetlands. Embryo viability, as well as nest and hatching success rates were within the expected range for healthy populations. Likewise, reproductive impairment was not evident in brook stickleback fish, based on their abundance in the drains.

Although irrigation water is not the source of selenium, irrigation of seleniferous soils near Freezeout Lake has mobilized naturally occurring selenium from glacial-lake deposits and made it biologically available, primarily in irrigation drains and in wetlands at the mouths of drains. Ongoing efforts to conserve irrigation water will reduce irrigation drainage and potentially could decrease biological exposure to selenium by reducing selenium loading to wetlands, but could concurrently increase selenium concentrations in irrigation drains.
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