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The sorption of Pu to the anaerobic bacteria activated
under specific conditions of temperature, pH and depleted nutri-
ents after long dormant period was investigated. After 4 h at
neutral pH, the distribution coefficient (Ky) between bacteria
and agueous phase at 308 and 278 K had around 10° to 10%
After over 5 days, however, the K at only 308 K had increased
to over 10°. Sterilized (dead) and dormant anaerobic bacteria
adsorbed Pu to the same extent.

While considering safety assessments in the geological dis-
posal of radioactive wastes, microorganism interaction with the
radioactive waste has been neglected or its role for safety
assessments and in radionuclide migration research underesti-
mated.>2 In anaerobic environments at repositories, some
species of microorganisms, brought into the repository by dis-
ruptive events such as human intrusion, can flourish in the pres-
ence of sufficient moisture and nutrients, such as residues of
explosives used in the excavation of the repositories.®

Active bacteria affect the mobility of metals. Chemical and
biological activities of microorganisms are dependent on their
chemical environment such as pH and E,. The rapidity of
response of a bacterial population will also depend on its activi-
ty level. However, the effect of the viability and biological
activity of bacteria on the sorption process in a repository envi-
ronment has not been fully understood. The present work was
designed to study plutonium—anaerobic bacteria interaction in
the period immediately following reactivation of the bacteria.
Since it was reasonable to assume an environment low in nutri-
ents, a very depleted nutritional regimen was provided. The
time dependence of Pu sorption is discussed in relation to bac-
terial activity, and to chemical conditions in the solution such as
high (e.g., concrete-modified seepage water) or low pHs and E;.

A mixture of anaerobic bacteria (MAB), originaly used for
the treatment of pulp and paper waste-water, was selected, since
we have not yet specified the anaerobic bacteria capable of col-
onizing the proposed repository sites. The mixture, in con-
glomerate form (0.5 to 2 mm diam), included iron-reducing and
sulfate-reducing bacteria. After expelling the dissolved oxygen
with pure nitrogen gas, MAB was stocked in the refrigerator
(278 K) in distilled deionized water without any specia treat-
ment over afew years. For the present study the dormant MAB
was reactivated as follows. The stock solution was brought to
room temperature for 24 h and then diluted with 0.5% sucrose
to obtain a bacterial content of 0.1% dry weight (w/w) in the
MAB working solution. MAB was then cultured at 308 K for
48 h. The distribution experiment was carried out in 8 mL stop-
pered glass-vessels with the aid of a mechanical shaker. The
MAB solution (5 mL) was anaerobically adjusted to the desired
pH with nitric acid and sodium hydroxide and 2*°Pu(1V) as a
nitrate form was added, adjusting the Pu content to ca. 107
mol dm=3,

After shaking at 308 + 0.1 K for 4 h, 5 days (5 d), 10 days
(10 d), and 60 days (60 d), pH was taken as the equilibrium pH.
E,, in the MAB suspension was monitored with a platinum elec-
trode. The residue, collected on a 0.22-um membrane filter,
was defined as the solid phase and the filtrate as the liquid
phase. The concentration ratio of 2*OPu between the two phases
was determined by alpha spectrometry with the aid of 2%Pu asa
chemical yield tracer.*” For comparison the authors also
investigated the distribution behavior of the nuclide at 278 + 0.1
K using the same procedure as at 308 K.

Information on the activity of MAB and the chemical con-
ditions, pH and E;, of dissolved species of Pu is needed while
considering reasons for K, change with time (Figure 1). For the
duration of the experiment the pH remained stable over the
entire pH range at both temperatures. The E,, stayed almost
constant for pH 2 and 12, while it changed for pH 7. At 308 K
the E;, decreased to 100 mV (vs NHE) over thefirst 5 d at neu-
tral pH, and increased then to 200 mV with time. The E,, at 278
K, on the other hand, decreased slowly to the same level (200
mV) over 60 d. The decrease of E,, supports that MAB could
be active and that the chemical condition became more reduc-
ing. MAB show significant activity only around pH 7.
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Figure 1. Time dependence of /7, as a function of pH in
suspended MAB after equilibration. Circle, triangle, square,
and diamond marks represent the results for4 h, 5d, 10 d,
and 60 d, respectively.

The distribution coefficient (Kg) of plutonium was defined
as follows,

K4 (mL/g) = [Pulsotia/ [Puliiquid

where the subscripts ‘solid’ and ‘liquid’ denote the species in
the solid and liquid phases, respectively, and the brackets signi-
fy the Pu concentration (Bq g* for the solid phase and Bq mL~!
for the liquid phase). The results from the Pu distribution
experiment are shown in Figure 2. In the acid pH region (pH

Copyright © 2001 The Chemical Society of Japan



Chemistry Letters 2001

pH pH

Figure 2. Distribution coefficients for Pu as a function of pH
at 308 and 278 K. Circle, triangle, square, and diamond marks
represent the results for 4 h, 5 d, 10 d, and 60 d, respectively.

2), K, did not change with time. On the other hand, in the neu-
tral pH, K, changed with time, both at 308 and 278 K. After 4 h
at 308 K the K s were 10° to 10*. The K, vaue at pH 7 was
lower than the one at pH 2; at pH 2 the tota activity of MAB
would be quite low as there was no significant change in pH or
E,. This could be because the trivalent ion, Pu(lll), might be a
dominant species at pH 2 and 600 mV, while at pH 7 the hydrox-
ide complex of Pu(lV) would dominate. Since the effective
charge of these Pu(IV)-hydroxides is lower than that of Pus*, the
complexation ability to anionic ligands would be lower. In alka
line pH, the Ks indicated slightly higher than in the neutral.
After 5dthe Ky at pH 7 was over 20 times higher than after 4 h,
and did not fall below 10° over the remaining 55 d. The reduc-
tion to Pu(l11) with its higher complexing ability may occur grad-
ually during 60 d in the solution. Chemical conditions such as
oxidation states and complexation of Pu with MAB are under
estimation.

Similar changesin K, were not found at 278 K as shown in
Figure 2. There can be at least two factors contributing to this
difference. The first of these involves an activation of the
anaerobic bacteria. The data strongly suggest that the increase
of K4 after 5 days at 308 K is due to a higher activity of MAB.
The MAB for the experiments, both at 278 and 308 K, was acti-
vated for 72 h. It is possible that MAB was not completely
activated during only 72 h. The second factor is based on a
change of chemical properties of the metal ions. The sudden
increase of K4 a pH 7 over 5 days at 308 K could have been
caused by the production of Pu(ll1) by way of biological and/or
chemical reduction. At 278 K and neutral conditions, the slight
increase of K, with time (from 1 x 10- to 6 x 10-) could be
the result of the same reduction process. E, in these conditions
decreased from 400 to 200 mV (Figure 1). Thisis of especial
interest, as Pu(l1l) has a large effective charge for binding to
ligands. In higher pH regions there is an additional possibility
that some precipitates such as a pseudocolloid which could be
filtered onto a 0.22 um membrane filter may form with MAB
and with other metal complexes. If colloids were formed, the
same result should have been obtained at 278 K. At neutral pH
and 278 K, K, was dightly increased with time from 4 h to 60
d. At this moment, it is difficult to suggest that colloid forma-
tion did not take place, or, that even at low temperature, some
species of MAB might be active and could adsorb Pu species
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Figure 3. Comparison of K values between dormant (black)
and sterilized (white) MAB.

gradually.

In our previous work, the distribution of Pu regarding steril-
ized MAB, which was autoclaved at 393 K at 15 ps for 20 min
before the distribution reaction, has been investigated.® After
sterilization, most of the MAB components should have been
decomposed and lost their activity. The K values for sterilized
and dormant (this work at 278 K) MAB experimental series are
summarized in Figure 3. Surprisingly the values from both
experiments fall in the same range, 103 to 10*. However, the bio-
logical condition of MAB used in the experiment with steriliza-
tion could have been different from the condition of the dormant
MAB used in the present work. The temperature around waste
packages in the repository site has been estimated to remain over
373K for along period.® The effect of bacteria, exposed to these
high temperatures and high pressure, on radionuclide interactions
should be evaluated for the safety assessment.

References and Notes

1 “Viability Assessment of a Repository at Yucca Mountain.
Total System Performance Assessment,” DOE/RW-0508,
U. S, Val. 3, 1998.

2  “Investigation of Subterranean Microorganisms,” K.
Pedersen and F. Karlsson, Swedish Nuclear Fuel and
Waste Management Co., SKB TR 95-10, Stockholm, 1995.

3 S. Stroes-Gascoyne and J. M. West, Sci. Basis Nuclear
Waste Mang., 18, 165 (1995).

4 “Hedth and Safety Laboratory Procedures Manual,” Office
of Scientific and Technical Information, J. H. Harley,
HASL-300, U.S. Energy Research and Development
Administration, Oak Ridge, TN, U.SA., 1972.

5 *“Analytical Procedure for Plutonium (in Japanese).
Radiation Management Series 12,” Japanese Science and
Technology Agency, Japan Chemical Analysis Center,
Chiba, Japan, 1979.

6 A.Kudo, Y. Mahara, D. C. Santry, T. Suzuki, S. Miyahara,
M. Sugahara, J. Zheng, and J-P. Garrec, Appl. Radiat. Isot.,
46, 1089 (1995).

7 A.Kudo, R. M. Koerner, D. A. Fisher, J. Bourgeois, D. C.
Santry, Y. Mahara, and M. Sugahara, “Ice Core Studies of
Grobal Biogeochemical Cycles,” ed. by R. J. Delmas,
Springer-Verlag Berlin Heidelberg, Germany, (1995) p. 417.

8 T. Sasaki, J. Zheng, H. Asano, and A. Kudo, “Pu in the
Environment,” ed. by A. Kudo, Elsevier Science, UK
(2000) p. 221.

9 “NRC High-level Radioactive Waste Program Annual
Progress Report,” NUREG/CR-6513, No.1, CNWRA 96-
01A, U.S. Nuclear Regulatory Commission 1996.



