
are given in Table 25. The recovery of americium in these analyses varied
between 30 to 95%. Nevertheless, the results presented in Table 25 are in
good agreement with the given probable concentrations, showing the usefulness
of the present method for the determination of americium and curium on

environmental samples.
241

A major part of Am in the environment today resulted from
241the decay of Pu (half-life: 13.6 years, fJ-emitter) deposited as radio-

89
active fallout or disposed from nuclear installations . The method presented
here is being used for studying environmental behaviour of americium as well
as curium isotopes originating from various sources.

4.3 Adsorption of transuranic elements from large volume sea water

E. Holm and S. Ballestra

Some years ago a sampler for concentrating radionuclides from
90

large volumes of sea water was developed by Silker et al. of the Battelle
Northwest Laboratories. They used pure A190_ as the adsorbent. The device

238 239has been applied successfully to the determination of Pu and Pu in
91

several sea water samples . Our experience on the application of an

identical system for the determination of transuranics in Mediterranean sea
water was not quite as satisfactory as we had hoped. The chemistry involved
in leaching up to 1kg Al_0. with acid, followed by removal of dissolved
aluminium from the transuranic fraction, is rather tedious and time-consuming
for routine use. The adsorption efficiency of transuranics, checked by
dual-bed adsorption did not give consistent results. However, since the
principle of the device is attractive enough for handling large volume water
samples, it was felt that it was worthwhile to test other types of adsorbents
which are easier to handle than A190 . For this purpose, chitosan and

fc -J

manganese dioxide were chosen and series of experiments were conducted in
order to examine the suitability of these materials as an adsorbent in the
system.

Chitosan (deacteylated poly-N-acetylglucosamine) is known to
92~9«*

concentrate a number of transition elements from sea water . A column
of chitosan (<)> 1cm x 20cm) was prepared and pre-conditioned with sea water.

oo/:
A solution containing 25 dpra Pu (IV) in 15ml sea water was prepared

2
and passed through the chitosan column at a flow-rate of 3ml/cm /min. The

not
column was then washed 4 times with 20ml of sea water and the Pu which
passed through the column was analyzed. The results showed that 60-70% of
236Pu remained on the column after passing 5 column volumes of sea water.

In order to determine the distribution coefficient of Pu
isotopes between chitosan and sea water, 5g (dry) of chitosan were added to
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2 ̂fi100ml of sea water containing 53 dpm Pu either in the form of Pu(IV) or
Pu(VI) and the contents were stirred for 1 hour by a magnetic stirrer. The

236chitosan was filtered off after stirring and the Pu remaining in the
filtrate was analyzed by standard procedures. Comparing the results of the
analysis with the activity initially added, the distribution coefficients
were calculated. The results are given in Table 26.

Table 26. Distribution coefficients of Pu(IV) and Pu(VI)
between chitosan and sea water

Adsorbent Chemical form Mass distribution Volume distribution
of Pu coefficient D * coefficient D **m v

Chitosan Pu(IV> 370±AO 90±10
Pu(VI) 190 +30 50+8

a D _ Activity/g adsorbent
m Activity/g sea water

** n Activity/ml absorbent
v Activity/ml sea water

On the basis of these distribution coefficients, it is
estimated that approximately 65% of both Pu(IV) and Pu(Vl) in 200 liters of
sea water is adsorbed on 1kg of chitosan under the equilibrium condition.
If the volume of sea water is increased to 1000 liters, the adsorption of
Pu(IV) and Pu(VI) would decrease respectively to approximately 27% and

2
16%. These estimations are based on the flow-rate of 3ml/cm /min, as was
the case with the column experiment. Therefore, these estimated values are
expected to indicate the upper limits of the adsorption and the actual
adsorption is estimated to be lower in the field operation, where the flow-
rate is greater.

This was confirmed by an in situ trial. In Table 27, an
example of the results obtained from an operation on board is presented.

In order to determine the distribution coefficient of Pu(IV)
and Pu(VI) between manganese dioxide and sea water, similar batch experiments
to those carried out with chitosan were undertaken by replacing 5g chitosan
by 0.5g Mn02. The distribution coefficients computed on the basis of the
results obtained are presented in Table 28. Contrary to the case of chitosan,
mass distribution coefficients of Pu between manganese dioxide and sea water
are smaller than corresponding volume distribution coefficients, due to the
much higher density of manganese dioxide than of chitosan. Furthermore, the
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distribution coefficients of Pu(VI) are greater than those of Pu(IV). The
reverse is true for the chitosan.

On the basis of these distribution coefficients it is estimated
that approximately 33% or 66% of Pu(IV) or Pu(VI) respectively in 1000 liters
of sea water is retained by 1kg of manganese dioxide under the equilibrium
condition. No experiment was conducted for the desorption of the Pu sorbed
onto the manganese dioxide.

-Table 27. Retention of Pu in Mediterranean
surface water by chitosan beds

239+240Filter or Sea water Pu
Adsorbent passed retained

(1) (pCi)

0.45 Millipore filter 2000 0.061
Bed 1 (400ml) " 0.384Chitosan
Bed 2 (400ml) » 0.012

239+240,, .Pu concentration

(fCi/fc)

0.03
0.19
0.06

Table 28. Distribution coefficients of Pu(IV) and Pu(VI)
between, sea water and manganese dioxide

Adsorbent

Manganese
Dioxide

Chemical
form

Pu(IV)
Pu(VI)

Mass distribution
coefficient, Dm

500 + 30
1900 + 200

Volume distribution
coefficient, Dv

670 + 40
2600 + 300

4.4

of 242m

Analysis of Windscale and Bikini atoll sediments for Am-242m

T.M. Beasley
Bowen and Livingston96 have recently reported the existence

Am in both 1962 nuclear test debris and in a marine algae sample
(kelp) contaminated by nuclear fuel reprocessing wastes. The presence of

242m 97
the Am (T, = 152y) was deduced by measuring its daughter product,
242 *Cm. In the case of the fallout debris, the long decay time (25 years)
between collection and analysis was argued to preclude the possibility of

242unsupported Cm being present in the sample. The non-adherence to simple
242radiometric decay of the Cm measured in two aliquots of the algae sample

suggested that a small percentage of the isotope (- 3%) was in fact supported
by its longer lived parent.
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