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ABSTRACT

In order to investigate the time dependence on behaviors of Tc, Mn, Sr and Cs in two soils
(Andosol and Gray lowland soil) under two different water contents, corresponding to upland and
paddy field condition, a radiotracer experiment was carried out. At 1 3 7 14, 30, 60 and 180 days,
three soil fractions, (a) water soluble and ion exchangeable, (b) specifically adsorption, and (c)
organically bound fractions, were determined by selective extraction methods with 0.05M calcium
chloride (CA), 0.5M acetic acid and 0 I M sodium pyrophosphate, respectively.

The results showed that the relative amount (Qa) of CA extractable Cs decreased rapidly to almost
zero within a few days after being freshly introduced to the soil samples. TheQa of CA extractable Sr
in all the samples was amost the same during 6-month. For Mn, theQa fCA-Mn in Gray lowland
sot'Is decreased throughout the experiment but the soil redox conditions did not affect on the change.
theQraof CA-Mn in Andosol was much lower than that in Gray lowland soils. Interestingly, for Tc, the
Q,,,s of CA-Tc was lower in the anaerobic condition than in the aerobic conditions in both soils. Due to
the reduce of the amounts of water soluble and exchangeable forms of these elements in soils, the
amounts of these elements entering the food chain probably decrease gradually with time.

KEYWORDS: TECHNETIUM, SELECTIVE EXTRACTION METHOD, SOIL WATER
CONDITIONS, AGING EFFECT

1 INTRODUCTION

The development of nuclear energy is seen as having crucial importance because its use has a
much smaller negative impact on global environmental issues than other electricity generation systems.
However, nuclear energy generates many radioactive wastes. The management of these wastes is
inseparable from the peaceful use of nuclear energy. Even though the wastes were strictly managed, a
possibility of their release into the environment still remains. From the viewpoint of the dose effect on
humans, a soil-to-plant system is one of the important paths between released radioisotopes and
humans.

For any given nuclide, only a fraction of the total quantity in the soil may be available for root
uptake by plants. The available fraction has an impact on a food chain and the environment. For some
nuclides, the amount of the available fraction may change substantially over time through a process
sometimes called "aging". The degree of nuclide association with soil components depends strongly
upon soil pH, the redox conditions prevailing, extent of organic matter degradation, and grain size
distribution. To assess the potential effects of soil contamination instead of total concentration
speciation of toxic heavy metals in the environment has been carried out using extraction methods [I-
51. The extraction methods have not been used to follow the change of extractable fraction as a
function of tme.

In this study, we carried out a radlotracer experiment to obtain the aging ffect on Mn, Sr, Cs and
Tc in soil under two different water contents, corresponding to upland and paddy field conditions.
These elements are important from the radloccological point of vew. To separate some fractions of the
elements in soil, a single extraction method was adopted. Among the radioisotopes a special attention
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was paid on Tc because the environmental behaviour of Tc in soil seemed to depend on the redox
potential in a soil-water system 69]. Technetiurn-99, which is one of T's isotopes, has been
introduced into the environment by nuclear weapons tests and nuclear industries. The nuclide is an
important radionuclide because of its long half-life (2.IxIO' y), high fission yield from ... U and '"Pu
(ca. 6%), and high adsorbability by vegetation.

2. EXPERIMENTAL

2.1 Sample preparation

Andosol and Gray lowland soil (GLS), were used in this study. Pertinent properties of these soils
are shown in Table 1. After being air-dried, the soils were passed through a 2-mm mesh sieve. Samples
(300 g) of each soil type were weighed into plastic vessels. A small quantity of delonized water,
containing the four radionuclides, 54w 85sr, 137 Cs and 9mTc, was uniformly mixed with each sample.
The chemical forms in which 54 Mn, "Sr and 137CS were as chlorides. For 95' Tc, pertechnetate ion,
Tc04_ was added to the soils. Then delonized water was added to adjust the soil water content to a
desired level as follows: 1) waterlogged Andosol (AW) 2 Andosol with a typical upland moisture
content (AF) 3 waterlogged GLS (GW); and 4 GS with an upland field moisture content (GF). The
water contents for numbers I and 3 were similar to those in paddy fields, that is, the waterlogged
condition. The vessels of numbers I and 3 were kept closed to allow the anaerobic condition to
develop. With this preparation, four different soil samples were made sigly. All samples were stored
in the dark while bing kept at room temperature for 6 months.

2.2 Extraction method

At 1 3 7 14, 30, 60 and 180 days, 20 to 25g amounts from each soil sample were used for the
extractions. The extraction method used was a part of the method of McLaren [1] and the reagents are
listed in Table 1. The extractions were done in polyethylene containers; the soil sample (ca. 2 g) and
solutions were shaken at 2O'C for 18 h in an end-over-end shaker at 150 rpm. After that, the leachates
were separated by centrifugation at 3000 rpm for 10 min. All extractions were carried out in duplicate,
To determine the water content of each soil smple, 5 to IO g of the soil from each batch test was also
transferred into a beaker accurately weighed and air-dried.

2.3 Activity measurement

Activities of the radionuclides in each supernatant were measured with a Ge detecting system
(Seiko EG&G). Thirty ml, of the supernatant were put into a plastic vssel and counted for 3000 to
5000 seconds. The counting efficiency was calculated using water blanks spiked with known amounts
of 54w, 85sr, 137 Cs and 95mTc in the same volume.

Table I Reagents used in the extraction

Reagent Fraction Soil Solution amount Cod
weight (g) (ML) e

0.05 M calcium chloride Exchangeable and water soluble 2 40 CA

0.5 M acetic acid Specifically adsorbed 2 40 AA

0 I M sodium pyrophosphate Organically bound 2 200 PY

Note: All soils were extracted at their experimental moisture contents for wch the mass of the
leached soil was chosen to be equivalent (±5%) to the air-dry weight listed above.
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3. RESULT AND DISCUSSION

In Fig. I the relative amount (Qa) of the radionuclides extracted by the three reagents is expressed

as function of time. Te Qa is described by the following equation:

Q. = cV/(Rm)

where c, V, R and in are activity of 4 Mn, "Sr, "'Cs and 9mTc In each of the leachates (count/mL),

volume of the extractant (mL), the initial activity of each radionuclide in soil per unit mass of soil

(count/g air-dried) and mass of soil (g air-diied), respectively.

3.1 Technetium-95m

In the soil surface layer, Tc is thought to have a high mobility because it forrns the pertechnetate

ion (TcO4_) in oxic aqueous solutions. Van Loon 10] reported that Tc was transferred to plant in the
anionic form. The high transfer factors for Te to plants determined by solution culture experiments

could be explained from this characteristic. The nuclide is also toxic to plants as the pertechnetate

form (Landa [11]). Uchida 121 reported that the Tc transfer factor for leaves of strawberry grown in
the wet forest around Chernobyl area was much lower than that of the typical forest around the area.

The result indicated that most of the plant available Tc was in the soil solution or in a readily

removable part.
As can be seen from Fig. I -A, B, C and D, the QraS of 95mTc in soil samples under aerobic and

anaerobic conditions differed, while the QraS of 4 Mn, and 137CS showed almost the same trend under

both conditions. Comparison of the results of the Qa values of CA-Tc and AA-Tc were almost the

same. It seems that the Tc which strongly adsorbed on the Andosol or GS soil samples might be
negligible. Under the aerobic condition, the Qra for Andosol samples kept at a constant value of 0.8
during the experiment wile that for GLS dropped to 0.5. Under the waterlogged condition, the Qra for

Andosol was decreased to 02 and that for GS decreased over time and became almost .

The results for the single-stage extractions of 9mTc with PY are sown in Fig. I-E and F. It is

probable that the amount of Tc extracted with other leachates includes the CA extractable Tc and thus

the relative amount of PY fraction was calculated after subtracting the relative amount removed by the
CA. One day after Tc was nally added to the aerobic and anaerobic soils, the Qra of PY-Tc was

negligible compared to the CA or AA fractions. Then, in the anaerobic soils, the PY fraction gradually

increased for 30 days then became almost constant, while no Qra of PY-Tc increments was found in
aerobic soils. From the rsult, it was found that some part of the non-CA extractable T tnsformed to

PY extractable, that is, organically bound forms.
These Tc reductions under the anoxic condition may be attributed to the tnsformation of Tc

under the low redox potentials in the soil produced by waterlogging. The pertechnetate was

transformed to lower oxidation forrns, sulfates or organically bound forms such as T602, TO(OH)2,

TcS2 or TC2S7 (Lieser 6]; Brookins 13]). The sulfides might occur because H2S gas can be produced

in rice paddy fields under the waterlogged condition. As mentioned above, Tc04' is the most available

form for plants. Thus, these changes of Tc in its chemical form under the anoxic condition affected less

Tc transfer from soil to plants. This suggested that Tc transformation from soil to plants (not only rice

but also any oer higher plants grown under the anaerobic condition) became less with time after Tc

addition to the soil.

3.2 14Mn, "'Sr and 117CS

From a long-term effect on humans, Sr (half-life = 28.8 y) and 117CS (half-life = 30 y) are

important radionuclides because these are generated in thermal fissions of 21'U and 219pU with about

6% fission yields. The amounts of both radionuclides generated from the fissions are close to that of

99Tc, therefore, the behaviours could be good indicators of Tc. Mn tkes place just above Te so that it is

interesting to compare the behaviours under the same soil conditions.
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Fig. 1. Time dependence on the amounts of CA-, AA- and PY-extractable Mn, Sr, Cs
and Tc in soils under paddy field and upland field water conditions.
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The CA-extractable 14 Mn varied with the soil types. The Q,,, of CA extractable 14 Mn decreased

rapidly within a fw days, such that each Qa was almost zero within the experimental period for

Andosol (Fig. I-A), while the value in GLS was almost 07 at the beginning of the experiment but
decreased gradually to 02 at the end of the experiment (Fig. I-13). The Qm for 54 Mn extracted by AA

were hgher than those of CA and decreased linearly with time during the period in both soils (Fig. I C,

D) . The Q,�, of PY decreased all the time as well. These results implied that the residual part Mn was

increased all the time. No significant differences were observed between Andosol and GLS samples
under both aerobic and anaerobic. Although Tc is 'ust below Mn in priodic table, the behaviours ofJ
the elements were different under anaerobic conditions. It was clear that following the introduction of

Mn into the soils, its availability would depend on soil types and characteristics.
For 15 Sr, the QaS of CA and AA were almost the same during the experimental period (Fig. I A-D).

Interestingly, for Andosol, the Qr. of PY was smaller than the values of CA or AA (Fig. I E), though
the QaS of three extractants for GLS showed the similar values and these Q,�,s kept constant all the

time (Fig. I F). It is difficult to explain why PY extractable Sr in Andosol was smaller than CA or AA

though the PY fraction was expected to contain CA and AA extractable fractions. Soil characteristics

might affect on the extractability. Among the studied radionuclides, Sr showed the h hest mobility in
these soils (except Tc in aerobic Andosol) and did not affected by the soil water conditions. Most part

of Sr was plant available in both soil types and water conditions in the experimental period.

Most of the 137 Cs rapidly sorbed to the soils, and within a week hardly any of the nuclide could be

extracted by the CA solution (Fig. I-A, B). The QraS of AA-Cs were a little bit higher than those of

CA-Cs (Fig. I C, D). For QraS Of P-CS (organically bound Cs), about 0 I was found in both soils and
the values tends to decrease very slowly (Fig. I-E, F). The chemical behaviour of Cs was not affected
by aerobic and anaerobic conditions, and we concluded that Cs added to any soil of similar mineralogy

HI be fixed rapidly under any condition. In both soils, 117CS was rapidly converted to non-

exchangeable forms after its addition. It is inferred that elements that arc not in solution or retained on

ion exchange sites are not readily available for plant uptake. Therefore, for Cs, not only due to the
negligible amount of plant available fraction but also the decrease of organically bound fraction during

the experiment indicated that Cs is hard to transfer from soil to plant in these soil types.

4. REFERENCES

1. McLaren, R.G. and Crawford, D.V, Studies on soil copper -1. The fractionation of copper in soils, J.
Soil Sci. 24, 1973) 172.

2. Tessier, A., Campbell, P.G.C. and Bisson, M., Sequential extraction procedure for the speciation of

particulate trace metals, Anal. Chem. 51 1979) 844.
3. Iu, K.L., Pulford, I.D. and Duncan, H.J., Influence of waterlogging and lime or organic matter

additions on the distribution of trace metals in an acid soil, Plant and Soil, 59 1981) 317.

4. Livens, F.R. and Baxter, M.S., Chemical associations of artificial radionuclides in Cumbrian soils, J.

Environ. Radioact. 7 1988) 75.

5. Quevauviller, , Rauret, G., Muntau, H., Ure, A.M., Rubio, R., L6pez-SAnchez, J.F., Fiedler, H.D.
and Gnepink, B., 1994. Evaluation of a sequential extraction procedure for the determination of

extractable trace metal contents in sediments. J. Anal. Chem., 349 1994) 808.

6. Lieser, K.H. and Bausher, C., Technetiurn in the hydrosphere and in the geosphere Chemistry of

technetium and iron in natural waters and influence of redox potential on the sorption of technetium.

Radiochim. Acta, 42 1987) 205.

7. Sheppard, S.C., Sheppard, M.l. and Evenden, WG. A novel method used. to examine variation in Tc

sorption among 34 soils, aerated and anoxic, J. Environ. Radloact., 11 1990) 215.

8. Tagami K and Uchida, S., Aging effect on technetium behaviour in soil under aerobic and
anaerobic conditions. Toxicol. Environ. Chem., 56 1996) 235.

9. Tagami, K. and Uchida, S., Microbial role in immobilization of technetium in soil under

waterlogged conditions. Chemosphere 33 1996) 217.

10. Van Loon, L.R., Desmet, G.M. and Cremers, A., The influence of the chemical form of technetium
on its uptake by plants. In: R.A. Bulman and JR. Cooper (Editors), Speclation of fission and

activation products in the environment. Elsevier Appl. Sci. Pub., London, 1985) 352-360.

- 262 -



JAERI-Conf 2003-010

11. Landa, E.R., Thorbig, L.J.H. and Gast, R.G., Uptake and distribution of technetium-99 in higher
plants. In: Biological Implications of Metals in the Environment, CONF-750929 1977) 390-401.

12. Uchida, S. Tagami, K., Riffirn, W., Steiner, M. and Wirth E., Separation of Tc-99 in soil and plant
samples collected around the Chernobyl reactor using a Tc-selective chromatographic resin and
determination of the nuclide by ICP-MS. Appl. Radiat. Isot. 53, 2000) 69.

13. Brookins, D.G., Eh-pH diagrams for geochemistry. Spnnger-Verlag, Berlin Heidelberg 1987) 97-
99.

- 263 -


