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Phytoextraction of low level U-contaminated soil
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The nuclear fuel cycle may be a source of environmental contamination. Uranium exploitation
produces large quantities of wastes but also accidental spills at nuclear fuel production, reprocessing
or waste treatment plants have led to soil contamination with uranium. U-contaminated soil is
generally excavated, packaged and removed which is a costly enterprise. Soil washing has also shown
promising in removing U from contaminated soil, but results in the generation of liquid wastes and the
deterioration of soil properties. In contrast, phytoextraction, the use of plants to remove contaminants
from polluted soil, allows for in situ treatment and does not generate liquid wastes. Furthermore, the
contaminated site is covered by plants during phytoextraction and wind and water erosion will be
reduced.

The phytoextraction potential depends on the amount of radionuclides extracted and the biomass
produced. Hyper-accumulating plants often have a low biomass production. Moreover, uranium soil-
to-plant transfer factors (TF: ratio of U concentration in dry plant tissue to concentration in soil)
rarely exceed a value of 0.1 gg"1. With a TF of 0.1 gg"1 and a biomass yield of 15t dry weigh ha'1 only
0.1% of the soil uranium will be annually immobilised in the plant biomass. These figures clearly
show that the phytoextraction option is not a feasible remediation option, unless the uranium
bioavailability could be drastically increased. It was shown that citric acid addition to highly
contaminated U contaminated soil increased the U-accumulation of Brassica juncea 1000-fold [1].

The objective of present paper is to find out if low level U contaminated soil can be phytoextracted in
order to achieve proposed release limits.

1. MATERIALS AND METHODS

The U-contaminated sandy soil was collected from spot contamination at a nuclear fuel processing
site. A portion of the soil was already washed with bicarbonate in order to extract part of the uranium.
The total a activity is 1.61 Bq g"1 for the control soil and 0.47 Bq g"1 for the bicarbonate treated soil.
The 238U levels are 0.0317 and 0.069 Bq g"1, respectively. The proposed exemption limit for release
level is 0.3 Bq g"1.

Perennial ryegrass and Indian mustard were selected for phytoextraction since they generally show the
highest TFS. For each of the plants, six 1-L pots were filled with control and bicarbonate treated soil.
Seven days before the harvesting date, citric acid (25 mmol kg"1 soil) was applied to three of the six
pots. All plant samples were oven-dried (70°C), dry weight (DW) was recorded and 238U content
determined.

2. RESULTS

Biomass production was significantly lower on the bicarbonate tread soil. Treatment of the control
soil with citric acid resulted in a significant yield decrease of 22% and 15% for mustard and ryegrass
respectively. Yield decrease was not significant following citric acid treatment of the bicarbonate soil
(Fig.lA). Dry weight production in t per ha can be calculated from the dry weight per pot, culture
time (1 month for ryegrass, 1.5 months for mustard) and an effective growing season of 6 months.
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The TF on the control soil was 0.012 g g'1 for mustard and 0.073 for ryegrass. On the bicarbonate
treated soil TFs are about a factor 15 higher. Though the citric acid addition decreased biomass
production, it increased the U-transfer to the plants up to 1000 fold. The increase in TF is higher for
the control soil than for the bicarbonate treated soil. The highest TF were observed for mustard with a
TF of 7.64 g g"1 on the control soil and 6.27 g g"
were 2.77 and 5.10 g g"1 respectively.

on the bicarbonate treated soil. For ryegrass TFs
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FIG. 1: Dry weight production (A) and 238U transfer factors (B) for ryegrass and mustard grown on
control and bicarbonate treated soil, with or without amendment of citric acid.

3. DISCUSSION AND CONCLUSIONS

With biomass production (t ha'1), the extraction percentage can be calculated. The figures in Table 1
clearly show that it is impossible to phytoextract a substantial fraction of the soil U without citric acid
amendment. Following citric acid addition up to 4.6% of the soil U can be extracted annually. Given
the low total alpha activity of the bicarbonate treated soil (0.45 Bq g"1), we only need a 66% reduction
in soil U to attain the release limit of 0.3 Bq g'1. With an annual extraction of 3.5 or 4.7% it would
take about 11 or 9 years to attain this reduction. For the control soil a 5-fold reduction in
contamination level is needed, requiring more than 30 years.

TABLE 1: PERCENTAGE U ANNUALLY PHYTOEXTRACTED BY MUSTARD AND
RYEGRASS

Soil
Control
Control
Bicarbarbonate treated
Bicarbarbonate treated

Citric acid
No.
Yes
No
Yes

Mustard
0.009
4.624
0.102
3.095

Ryegrass
0.007
2.810
0.052
3.477

Citric acid treatment of U contaminated soils, potentially makes phytoextraction of these soils a
feasible remediation option, which is not the case for unammended soils. Important uncertainties
remain however, e.g. growth potential after repeated citric acid application to soil, U uptake by more
adults plants etc. Furthermore, the phytoextraction approach involves costs at different stages (crop
establishment, harvest, treatment of contaminated biomass) and this for the total period required for
the phytoextraction. These costs should be carefully calculated and compared with the cost of other
remedial options.
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