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FOREWORD

This is an interim report of work in progress. The results reported
are of a preliminary nature, and interpretation may be modified in the
1ight of subsequent data.
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SUMMARY

Plant uptake of radioactive waste materials is a biological inter-
action important to the environmental management of waste storage sites.
This study on the uptake of transuranium elements from soil by plants
demonstrates that shoot uptake is clearly influenced by the chemical form
of the transuranic. It is unclear at this time whether soil or plant
mechanisms, or both, are responsible. Future studies are planned to inves-
tigate these aspects. The observation that some organic acids suppress
plant uptake of americium and curium will be investigated further to
evaluate the use of soil additives to suppress plant uptake of transuranics.
Test results indicate that organic acid complexes of plutonium such as
oxalate or citrate can increase plant uptake when added to soil as com-
pared to uptake from dilute nitric acid solutions.
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INTRODUCTION

The transfer of materials from soils into plants is a biological
interaction with nuclear wastes important to the environmental management
of waste storage sites. Price(]) reported previously that plant uptake of
transuranium elements added to soil in dilute nitric acid solutions was
rather large for 237Np ( 2% of application), small for 24]Am or 244Cm
(<0.05% of application) and slight for 239Pu (<0.001% of application).
These determinations serve as base cases; however, transuranics at waste
storage sites probably do not occur only as simple ions or nitrate com-
plexes. More Tikely, these heavy elements would form chemical complexes
with other materials common to the waste streams. Various kinds of
chemical complexing agents have been used in nuclear fuel processing and
associated operations, but the possibility of such waste chemicals acting
to enhance or suppress biological availability of radionuclides has not
been previously studied.

The formation of complexes between organic compounds and actinide
elements has been intensively studied in the search for new plutonium
processing methods. The subject has been reviewed by Gel'man et a].,(z)
and Co]eman-(3) Research findings show that complex formation with organic
acids generally occurs under conditions of Tow solution concentrations
and high organic acid-to-element ratios. In the absence of organic acids
or other complexing agents and at low acidity, actinides polymerize with
the hydrolysis products of water and form insoluble hydroxy - or oxo-
radiocolloids. However, complexes formed with organic acid Tigands are
quite stable and effectively increase the solubility of actinides in
aqueous media. Increased mobility of transuranium elements due to com-
plexation with organic acids has been shown previously to occur in soil
systems. Rhodes(4) and Knoll(s) reported the mobility of Pu or Am in
soil to be increased significantly in the presence of organic acid Tigands.
It is generally held that factors increasing the water solubility of heavy
elements can be expected to increase their uptake from soil by plants.
However, it is also possible that plant roots or other tissues are imper-
meable to some transuranium element complexes and plant uptake would
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effectively be suppressed. Thus, the objective of this study is to
determine plant uptake of transuranium elements when added to soil as
organic acid complexes. These data are compared to the previous study

on plant uptake where transuranics were added to soil in dilute solutions
of nitric acid.(])
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MATERIALS AND METHODS

Materials and methods used in this study as well as the physical and
(1) The soil
used was Burbank loamy sand, a calcareous loamy sand characteristic of top

chemical properties of the test soil were previously detailed.

soils at Hanford waste storage sites. It has a low cation exchange capacity
(w6 meq/100 g) and poor nutritional quantities. Pots containing 1 kg of
soil were irrigated frequently with distilled water and about 170 nug N/g
soil were added as NH4N03. The test plants were tumbleweed (Salsola kali)
and cheatgrass (Bromus tectorum). Planting, culturing, and harvesting were
the same as used previously. Analytical techniques also were the same and
involved ashing, aliquoting, and liquid scintillation counting.

Dilute solutions (0.15M) of the salts of organic acids were prepared
237 241 244

and spiked to approximately 2.5 uCi/ml of Np, Am and Cm or about
5 uCi/ml of FPu. The organic acids used were:

acetate as NH4C2H3O2

glycolate as NaC2H303

oxalate as (NH4)2C204

citrate as (NH4)2HC5H507.

The molar ratios of organic acid salts to radionuclides were:

neptunium-237 81

plutonium-239 2.7 x 10°
americium-241 3.2 x 105
curium-244 8.0 x 10°

The increase in molar ratio value is mostly due to an increase in specific
activity of the nuclides as they are listed. The half-life of 237Np is
very long (2.14 x 106 y), whereas that for 244Cm is comparatively short
(18.1 y). Approximately 10 ml aliquots of spiked solutions were uni-
formly added to the soil surfaces of three replicate pots. After the
solutions had dried, a 1 cm layer of soil was added and seeds were planted
into the untreated soil. Plants were grown in a growth chamber for

2 months.
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RESULTS AND DISCUSSION

Transuranium elements normally react with a host of 1igands which
result in the formation of chemical complexes. Polymerization also is
common under appropriate conditions and in the absence of complexing
ligands is the form of plutonium suspected in an aqueous environment. 6
Information discussed by Gel'man et al.(3) indicates the tendency for the
transuranic cations used in this study to form complexes is in the order
Pu+4 > Cm+3 gAm+3 > Np02+. Citrate is expected to form complexes with
these transuranics more readily than the other organic salts used because
it has the greatest number of coordination positions. Gel'man et al.
indicate that at molar ratios of >4:1 citrate:Pu and at pH's of >5, com-
plex formation should be complete. Similar results are expected with
the other transuranics used and for oxalate. There is 1ittle information
on acetate and glycolate except that complexes probably do exist under

appropriate conditions.

The pH's of the treatment soils following the addition of organic acid
complex solutions are given in Table 1. The nitrate series is of an experi-
ment previously reported(]) and is listed here for purposes of comparison.
The preparation of small quantities of transuranic complexes with organic
acids is difficult at best. To avoid complications brought on by neutraliza-
tion of transuranic solutions, all organic acids of a given series were
spiked with the same amount of transuranic. The initial pH of all complex
treatment soils, except for the Np series, is greater than the original pH
of 7.8. It should be emphasized that the pH's Tisted in Table 1 represent
a small layer of soil (about 5 mm) within the pot. Changes in pH within
this layer with time and during plant growth and the influence on plant
uptake of contaminated soil layers at different pH's are subjects of further
research in progress. However, it is suspected that initial soil pHs' are
not particularly influential to plant uptake or that any influence is masked
by a much larger influence due to complexation. For example, no pH depen-
dent relationship is obviated when uptake data in Table 2 are plotted as a
function of the initial soil pH for that treatment.
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Concentration factors for plant shoot uptake of transuranics added
to soil as complexes are presented in Table 2 and compared with uptake
from nitrate forms. Uptake from nitrate forms is in reverse order of
the tendency of the transuranics to form complexes or to undergo cation
hydrolysis and eventually polymerize. Plant uptake of the transuranics
added to the soil as organic acid complexes was in the same order as
uptake from nitrate, i.e., Np > Cm ~ Am > Pu. The effect of chemical

239

form is evident. Neptunium-237 and Pu uptake from complexes gener-

241Am

Cm complexes was less than from nitrate forms. Thus, the order

ally was greater than uptake from nitrate, whereas, uptake from
and 244
of uptake compared among transuranics was unchanged, but uptake compared
among chemical forms varied with the kind of transuranic and complexing
agent used. Transuranics with oxidation state of IV or V (Pu and Np,
respectively) generally showed increased uptake with complexation, and
the III elements (Am and Cm) showed 1ittle change or a decreased uptake
relative to nitrate forms. Glycolate, oxalate, and citrate complexes
enhanced 239Pu uptake by tumbleweed or cheatgrass. The enhancement with
citrate was more than sixfold for tumbleweed. Americium-241 and 244Cm
complexes of these organic acids resulted in decreased tumbleweed or
cheatgrass uptake compared to nitrate forms. Americium-241 uptake by
cheatgrass from the oxalate treatment was reduced by 10-fold compared to
uptake from the nitrate form. Differences in uptake between the species
used as test plants frequently amounted to more than 10-fold.

Results show that the chemical form of 237Np,‘239Pu, 241Am and

28 en, at the time of their addition to soil, influences plant uptake
of these radioelements. When added to soil as organic acid complexes,
plant uptake of Np and Pu was generally increased compared to uptake
from nitrate forms. Americium and Cm uptake, however, was decreased.
It is unclear at this time whether soil or plant mechanisms, or both,
are responsible. The effects of varying the pH of the spiked treatment
solution will be investigated. The distribution of radioelement within
the plant (e.g., root/shoot ratios) will be determined as a function of
initial chemical form. The use of soil additives to suppress plant
uptake also will be investigated.
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TABLE 1. Initial pH of Soil Following the Addition of Spiked Solutions.
Soil pH's are of saturation pastes of air-dried treated soil.
Original soil pH was 7.8.

Nitrate Acetate Glycolate Oxalate Citrate

237yp 5.1 7.4 6.6 6.5 6.8
239, 5.1 8.5 9.1 8.6 8.3
24T pp 5.1 8.0 8.9 8.4 8.1
244¢p, 5.1 8.5 9.1 8.6 8.3



Tumb1eweed

237Np
239Pu
241

Am

244Cm

Cheatgrass
237

Np
239Pu
241

Am
244Cm

Hitrate D)
17 g-02 + 2¢¢)
46 E-06 * 7
14 E-04 + 2
22 E-04 + 3
12 E-03 * 1
17 E-06 + 2
60 E-05 * 10
48 E-05 + 5

Uptake.

or as complexes of the organic acids indicated.

a. Concentration factor

Acetate

24
48
17
12

15
14
23
33

E-02
E-06
E-03
E-04

E-03
E-06
E-05
E-05

+ I+ I+
- w P~ o,

14

I+ I+ I+

w N W W

14

pCi/g plant

pCi/g

soil

Glycolate

23
254
21
42

13
43

19

b. Results previously reported in BNWL-1688(])

c. 11 E-02 £ 2 equals 11 x 10~

2

+2 x 1072 (S.E. mean)

E-02
E-06
E-04
E-04

E-03
E-06
E-05
E-05

+

1+

+ I+

I+

7
60
4
7

(A

Oxalate

28
273
15
15

53

E-02
E-06
E-04
E-04

E-03
E-06
E-05
E-05

4+ I+ I+

w

1+

w

4+ 1+ I+

—_— (] -

14

50

Citrate

28

310

15
14

11
51
10
16

TABLE 2. Concentration Factors(a) for Tumbleweed and Cheatgrass Shoot
Transuranics were added to soil in dilute nitric acid
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E-03
E-06
E-05
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