National Irrigation Water Quality Program 
U.S. Department of the Interior
Detailed Study of Selenium in Soil, Representative Plants, Water, and Bottom Sediment in the Kendrick Reclamation Project Area, Wyoming,1988-90 

Randolph B. See, U.S. Geological Survey
David A. Peterson, U.S. Geological Survey
James G. Crock, U.S. Geological Survey
James A. Erdman, U.S. Geological Survey
R.C. Severson, U.S. Geological Survey

ABSTRACT

In response to increasing concern about the quality of irrigation drainage and its potential effects on fish, wildlife, and human 
health, the U.S. Department of the Interior formed an interbureau group to address related water-quality problems. The Kendrick Reclamation Project area (Kendrick area) was one of nine areas in the western United States that were assigned the highest priority for investigation. The magnitude, effects, and exposure pathways of selenium associated with irrigation drainage were investigated. Trace elements and constituents other than selenium were evaluated but generally were not at concentrations considered harmful to wildlife or humans.

A geochemical survey of the rangeland to assess the importance of geological formations as a selenium source indicated that none of the native soil samples exceeded the 3.3 micrograms per gram (µg/g) maximum baseline for total selenium established in previous studies for soils from the Northern Great Plains. Selenium concentrations tended to be largest in soil derived from Cody Shale, but not uniformly so. In contrast, selenium concentrations in about 20 percent of the associated samples of big sagebrush exceeded the 1.1 µg/g maximum baseline established for this species in the western United States.

In a separate survey of the irrigated land, significant differences in concentrations of total selenium were detected in soil samples collected from the fields sampled, but only 2 of the approximately 200 soil samples contained selenium concentrations larger than the baseline. As with the big sagebrush results from the rangeland, some of the alfalfa samples from the irrigated fields had large selenium concentrations (as much as 25 µg/g). Alfalfa samples from about 15 percent of the irrigated fields contained selenium in excess of the 4 µg/g threshold, which is potentially hazardous to livestock if consumed over prolonged periods. Most of the alfalfa samples with large selenium concentrations were grouped in an area of 11 contiguous sections where there was selenium-enriched surface water and drainwater. Two fields that yielded alfalfa samples containing 25 and 15 µg/g selenium in 1988, yielded samples containing only 0.2 and 0.7 µg/g selenium in 1989. Differences in weather patterns and irrigation practices could account for this large observed difference in alfalfa selenium concentrations from one year to the next. 

The major tributaries draining the Kendrick area account for an average of 52 percent of the total selenium discharge measured in the North Platte River downstream of Casper. The 4-day average selenium concentration in water samples from the North Platte River, which receives irrigation return flows, exceeded the U.S. Environmental Protection Agency's freshwater chronic aquatic life criterion of 5 micrograms per liter (µg/L) five times during a 50-day monitoring period in 1989. One sample downstream of Casper had a selenium concentration equal to the maximum contaminant level of 10 µg/L allowed under the current U.S. Environmental Protection Agency drinking-water regulations.

Based on selenium/chloride ratios, oxygen-18/oxygen-16 and deuterium/hydrogen ratios in water from Rasmus Lee and Goose Lakes (closed-basin systems), observed selenium concentrations could have been derived by natural evaporation of irrigation water without leaching of soluble forms of selenium from soil or rocks. Water samples from Thirtythree Mile Reservoir and Illco Pond (flow-through systems) showed considerable enrichment in selenium over evaporative concentration, presumably caused by leaching and desorption of selenium from soil and rock. Selenium-to-chloride ratios of irrigation drainwater collected from the Kendrick area indicate that dissolution and desorption of soluble forms of selenium from soils and rocks are the dominant processes in drainwater. Results of a Wilcoxon matched-pairs test for 43 paired drainwater samples collected during June and August 1988 indicated there was a statistically larger selenium concentration (0.01 significance level) during the June sampling period.
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