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INTRODUCTION

The soil treatments being tested on Bikini Atoll fall
into three categories: (a) removal and disposal of the
surface soil which contains most of the radionuclides; (b)
addition of materials that absorb cesium-137 so firmly that
it is no longer available for root uptake; 3 addition of
the chemically related elements, potassium and/or sodium in
relatively large amounts to suppress or "blockade" cesium
uptake by roots. Potassium has further value as a fertilizer
since its natural concentration is too low for the high
productivity of many crops. Sodium, of course, is present in
infinite quantities in seawater and no point on Bikini is
further than a quarter of a mile from the source.

The problems involved in removing surface soil and
growing satisfactory crops on the residual subsoil are now
fairly well recognized by BARC. Likewise, the theory
underlying cesium immobilization by clay, ground mica, or
zeolites is straightforward, although actual performance in
Bikini soils is still under test. The effectiveness of the
third category (ionic treatment) has now been demonstrated in
a series of ongoing field trials.

Despite the success of the latter, however, the soil
chemistry involved when large amounts of potassium, sodium,
or seawater are added to these calcium-dominated soils is
poorly understood in quantitative terms. Extension

of field trial results to soils of the entire atoll, choice
of efficient amounts and treatment combinations, and ability
to predict intensity and duration of the suppressive effects
will depend on more thoroughgoing knowledge of the mechanisms
and rates involved.

Accordingly, this workshop was convened to examine
present information and concepts pertinent to soil treatments
designed to reduce cesium-137 and strontium-90 in Bikini
foods. It also considered additional experiments and
analyses needed for better understanding and extensibility of
the results achieved thus far. The participants were Dr. D.
Suarez, U. S. Dept. of Agriculture Salinity Laboratory,
Riverside, Calif.; Professor D. Sparks, Dept. Plant and Soil
Sciences, University of Delaware, Newark, Del.; Mr. Mark
Noll, a graduate student working with Professor Sparks, Dr.
William Robison, Terrestrial Section Leader, Lawrence
Livermore National Laboratory, Livermore, Calif., and the
four BARC members, Drs. Kohn, Kubo, Peterson and Stone.

The principal topics discussed and the recommendations
or suggestions made are summarized below:
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1. Retention of cesium-137 in atoll soils.

The total amounts of Cs-137 at Bikini are
extraordinarily small, less than 0.01 grams per hectare 25
acres),, and far below the range normally considered even
detectable by ordinary soil chemical procedures. The
majority of this Cs is held by as yet undetermined means.
Less than 5% has been readily exchangeable or extractable in
studies thus far, yet total plant uptake from untreated soils
is related to total soil content. Possible mechanisms of
retention include high affinity sites in the soil organic
matter, microbial sequestering, and "fixation" by minute
amounts of illite. It is known that terrestrial dust,
largely quartz and illite, apparently originating in the Gobi
Desert, has long been deposited in the Pacific. Traces of
illite were detected in a lagoon sediment sample collected at
Bikini in 1947. The capacity of illite to retain cesium is
well known and the 30-year period since BRAVO fallout would
have allowed time for Cs migration and equilibration. Thus
it was thought that the presence of illite and the
possibility of appreciable Cs-137 retention by it, even
though considered remote, should be examined analytically.
Mr. Noll's thesis research will bear, in part, on this
question, as well as on non-exchangeable retention by organic
matter.

The possibility of Cs retention in microbial tissue
might be examined by procedures based on osmotic shock or
sonic disintegration as well as extensions of the methyl
bromide fumigation already under test.

2. Retention of strontium by atoll soils

The total content of stable (non-radioactive) strontium
naturally present in these soils seems to range between 2000
and 5000 ppm. Most of this is incorporated in the calcium
carbonate mineral, aragonite, and so is not available for
plant uptake. The remainder is presumably held in
exchangeable form although the amount has not been
determined. Whatever the amount of plant-available stable
strontium, it must be large compared with the amount of
radioactive strontium, Sr-90. Presumably the two species are
now in equilibrium on the CEC (cation exchange capacity) or
other adsorption sites throughout much of the soil.

3. Cation exchange capacity of soil organic matter.

Cation exchange capacity (CEC) of organic matter is not
known precisely because of analytical difficulties, although
there seems no reason to dispute the average value of 260
m.e./100 g OM indicated by Morrison and Seru in Tarawa soils.
In principle, the variable charge associated with OM should
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continue to increase by some small amount above pH 7 but the
carboxyl group (the main source of CEC in OM) has its pK
below pH 7 Hence, at the range of reactions encountered in
almost all atoll soils, pH 7 to 8.5, variable charge is
probably only a secondary concern in analytical
determinations of CEC.

The most suitable replacing salt in such determinations
may be NH4Cl, provided that C03 in the leachate is determined
to allow correction for dissolved CaCO3. Barium salts have
proved unsuitable inasmuch as the solubility of BaCO3 is much
lower than that of the CaCO3.

4. Cation selectivity of organic matter.

Bulk "selectivity" of atoll soils for the exchangeable
cations, Ca, Mg, K Na, is wholly unknown, even in binary
combinations. Lack of such information is seen as a
deficiency; without such there are no theoretical grounds
for estimating the extent to which added potassium will
displace native calcium from the organic CEC, nor the
rapidity with which it will be replaced as Ca dissolves from
the soil matrix. Again, although the ratio of Na to Mg in
seawater is 77.7:17.6 on an equivalent basis, the proportions
of Ca, Na and Mg on the CEC after seawater application cannot
be estimated from present information.

It was strongly recommended that bulk selectivities be
determined on a sufficient number of samples to allow
generalization. Although such determinations usually involve
binary mixtures of different proportions, the special case of
seawater application seems to require consideration of a
Ca:Mg:Na system where Mg:Na is a fixed proportion.

Given information on bulk selectivity coefficients and
data or assumptions about rainfall and PET, it should be
possible to model transport, at least for the relative
duration and effectiveness of various amounts of added K.
This might allow comparison of alternative procedures under a
variety of assumed conditions.

5. Characterization of soils from experimental areas.

Although soil samples have been collected from several
experiments before or after treatment, or their collection,
post-treatment, is projected, few have yet been analyzed.
Lack of such analyses (apart from the large background of
radionuclide determinations) was seen as a major deficiency
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in present efforts to understand the extent of cation
replacement and the ionic environment of root systems. Some
attention should be given to the proportions of K present in
various forms -- i.e., water soluble, exchangeable,
non-exchangeable, and mineral -- as well as to total amounts.

The need for such analyses is being reinforced by a new
concern about the possible consequences of concentration
gradients of Cs, K and Na from the soil surface downward, in
contrast to the amounts present in the upper 40 cm layer.
Normally Cs-137 concentration decreases downward
logarithmically, but this is disrupted when soils are mixed
or deeply tilled as in some experiments. Potassium
fertilizers usually are broadcast on the soil surface,
sometimes repeatedly at short intervals because of fear of
leaching losses. In fact, the rate at which applied K
migrates downward in these porous soils, with relatively high
but Ca-saturated CEC derived wholly from OM, is not yet
known. Sharp gradients or discontinuities in K concentration
may or may not be important in affecting solution K:Cs ratios
in the zones of greatest root concentration and hence Cs-137
uptake. Careful sampling will be needed to establish any
such stratification.

6. Effects of seawater and potassium on Sr-90.

The earlier hypothesis that seawater applications would
displace Sr-90 from the CEC and so reduce plant uptake may or
may not prove correct. A counter possibility is that added
Na or K may substantially lower Ca concentration or activity
in the soil solution and so decrease its competition with Sr
for absorption sites on plant roots. Plant analyses may
resolve the question epirically but parallel soil analyses
should be considered.

7. As remarked in earlier studies of atoll soils, the
concentrations of organic matter in surface soils are
astonishingly high, particularly in view of the high mean air
temperature and no evidence of unusually great organic
inputs. Calcium saturation alone does not maintain such high
concentrations in comparable climates elsewhere, so far as is
known. The amounts raise questions about OM age, presence of
components resistant to decomposition, and the prospect of
accelerated decomposition -- and hence loss of CEC -- under
the changed environment attending resettlement.
Decomposition studies and C14 age determinations should
prove of interest.

8. In future studies some attention might be given to
possible differences among crop varieties in respect to Cs
and/or Sr absorption. Such genotypic variation is known for
several species and elements although the latter are mostly
nutrients or Al. Some of the older studies on differences in
cation exchange capacity of root surface might prove
relevant.
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