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meable  barriers to plant roots are established, plants may disperse radio-
nuclides from mill tailings disposal sites (Dreesen et al., 1978; Cline et al.,
1980). Uptake of radionuclides by plants depends on the plant species, the
radionuclide and on substrate characteristics (Dreesen et al., 1978). As a
result, radio-ecologists need additional information on the uptake of specific
radionuclides by various plant species growing in environments where they
are in contact with radionuclides. The objective of this study was to evaluate
the levels of uranium and radium in plants growing on mill tailings.

Study area and methods

This study was conducted on the Edgemont uranium mill tailings in south-
western South Dakota. The mill has not been operated since 1972. The mill
tailings were re-processed mill sands, covered with topsoil and seeded to a
mixture of crested wheatgrass (Agropyron cristatum), yellow sweet clover
(Melilotis  officianalis)  and rye (Lolium  spp.) in the autumn of 1973. Because
the topsoil was not spread evenly over the tailing materials, the depth of the
soil covering was about 10 cm near the center of the plot and about 30 cm
near the edges. The control sites, west of the mill tailings, were selected for
similarity in species vegetation on each site.

Samples of crested wheatgrass, alkali sacaton (Sporoulus  airoides) and
summercypress (Kochia scoparia) were clipped from five, 0.125-m2  circular
plots along six transects established on the topsoil-covered mill tailings.
Additional collections of these plant species were taken from the study sites
to ensure a sufficient sample for the radiochemical analyses (approximately
1 .O kg dry weight). Samples of the same plant species were collected from
control sites. Except on the mill tailings, these plant species were not found
occurring together on a single site. As a result, samples of crested wheatgrass
were collected from a crested wheatgrass pasture grazed lightly during the
winter months, alkali sacaton was collected from a lowland area below a
water dam for livestock, and summercypress was collected from a disturbed
site. Samples of vegetation were returned to the laboratory, washed in a 5%
calgon solution, and rinsed in distilled water to remove externally impinged
radionuclides from the samples (Moffett and Tellier, 1977). The samples
were then combined to make two samples from each site, and were air-dried
at 60°C.

Six soil samples from the top 2 dm were collected from six locations in a
systematic grid covering the mill tailing site and crested wheatgrass pasture
site. Two, 2-dm  soil samples were also collected from the alkali sacaton and
summercypress control sites. The soil samples were combined to make two
samples per site.

The plant and soil samples were analyzed for total uranium and 226Ra.
In addition, electrical conductivity (EC), sodium (Na), calcium (Ca), magne-
sium (Mg) and pH were determined from saturated extracts made from the
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of‘ the soil (Dreesen et al., 1978, 1982). Higher concentrations of uranium
and 226Ra  were observed in plants growing on the mill tailings than in those
on the control sites. However, the radionuclide concentrations of mill tail-
ings soils were also higher. Rickard et al. (1977) suggested that plant uptake
of the uranium was independent of soil concentration. The uranium and
226Ra  concentrations in mill tailings soil samples from this study were similar
to those reported in Canada (Moffett and Tellier, 1977), but plant samples
from the mill tailings in this study had higher uranium concentrations (by
1 order of magnitude) than those from Canada, which was probably related
to differences in the chemical properties of the growing media in the two
studies. Rickard et al. (1977) reported that concentrations of uranium in
soils greater than 200 p.p.m. are toxic to some plants, and uptake of ura-
nium from the soil by plants was in the range 10-1-10-2  ug  g-1.  Uranium
concentrations in plants from this study were within this range.

Apparently, plants do not readily concentrate elements of the uranium
decay series. Concentration ratios for uranium varied in this study, but were
on the order of 10-2, as reported. elsewhere (Schreckhise and Cline, 1980;
Rayno et al., 1980; Garten, 1981; Dreesen et al., 1982). Concentration ratios
for 226Ra  also were in the order of 10-2; similar to the concentration ratio
reported by Moffett and Tellier (1977) of 0.03. The higher concentration
ratios for both radionuclides on the mill tailing would suggest that there was
some dependence of uptake of these radionuclides on the initial soil concen-
trations. However, this factor was also masked by potential differences in
uptake related to soil characteristics. For example, 226Ra  is more mobile at
higher pH (Dreesen et al., 1982).

Moffett and Tellier (1977) suggested that with concentration ratios of
0.03 or less (as reported here), plants can hardly be 226Ra  accumulators.
Therefore, plants do not constitute a significant mode for spread of these
uranium decay-series radionuclides from covered mill tailings to adjacent
environments, at least in the short-term. The long-term implications of radio-
nuclide uptake involve the accumulation of uranium and 226Ra  on the soil
surface from many years of litter fall and decomposition, and off-site move-
ment by wind and water.
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