
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.

86



An attempt was made to discern the presence of Am in
sediment samples collected from Bikini Lagoon in the Marshall Islands and
from the Irish Sea near the outfall of the Windscale nuclear fuel reprocessing
plant on the Cumbrian Coast of the United Kingdom. The Bikini sediment was
part of a core sample taken from the Bravo Crater (23-49 inch depth) which
was the site of the first U.S. thermonuclear test conducted in 1954. The
Windscale sediment was taken with a Reineck box corer some 4.6 nautical miles
north of the Windscale outfall. Table 29 shows the transuranic radionuclides
which have been measured in each of these samples. All measurements were
made following chemical separation, the actinides being measured by alpha
spectrometric techniques.

241The Am content of the Windscale sediment has been confirmed
by the Fisheries Radiobiological Laboratory at Lowestoft using direct gamma-ray
spectrometry (GeLi); the measured value was 218 + 20 pCi/g dry weight

Table 29. Transuranic radionuclides in Bikini and Windscale
sediments

(pCi/g dry)

Bravo Crater
Windscale

Pu
239,240

82.6 + 2.6
100 + 4

Pu
238

6.8 + 0.2
25.5 + 1.0

Am
241

48.1 + 1.1
224 + 8

Cm
244

_

0.82 + 0.08

Cm
242

_

3.7 + 0.2*

t Activity at 100 days following collection.
Values reported are averages of four aliquots taken from homogenized
sample. Errors reported are standard deviations calculated from the
four aliquots measured.

98
(Hetherington, private communication) . In addition, our Pu-238/Pu-239,240
ratios correspond to those determined at Lowestoft for recent effluent
discharges.

While the Windscale sediment had easily measurable amounts of
242 244 242both Cm and Cm, no Cm was detected in any of the Bravo Crater

sediment using sample sizes which ranged between 0.71 and 2.28 grams dry
weight and counting times in the order of 1000 minutes. Analysis of larger

241sample sizes was precluded owing to the high levels of Am present in the
sample and the attendant risk of contaminating the detectors used in the
spectrometer. Therefore, while these measurements do not exclude the

* 242̂ , . , , 242,, ,241Apresence or Cm at very low levels, we have not observed a Cm/ Am
ratio of some 0.5% in aged fallout samples as did Bowen and Livingston. Had
such a ratio obtained, the calculated activity level of 0.24 pCi/g dry weight
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242Cm would have been easily detected by analyzing a one gram sample.
Assuming secular equilibrium between Cm and Am, it should be possible
to detect 0.02 pCi/g dry weight mAm with sample sizes of 1 gram, assuming
50% chemical recovery and counting times of 1000 minutes on our system. It
is therefore likely that this approximates the upper activity limit for this
radioisotope in this sample.

The Windscale sediment samples have been counted over time and
242have shown a steady decrease in Cm activity corresponding to its radio-

active half-life of 162.5 days . Averaging the least squares fit of the
decay curves of four separate samples gives a mean value of 164.5 + 16 days.
Figure 17 illustrates one such decay curve, and shows that up to times of

10:
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Figure 17. Decay curve for Cm-242 separated from Windscale sediment.
Bars represent + la standard error.

262 days after collection, no break in the decay curve appears evident. This
implies that if present, the Am contributes less than 30% to the

242original Cm activity found at the time of sample collection.

As americium and curium radionuclides might be expected to
behave similarly in their reactions with sediment, it would not be
unreasonable to assume a build-up of Am in Windscale sediments over time
if it has been present in waste discharged for the past twenty years.
Americium-242m concentrations at any location would therefore be governed
by sediment redistribution as has been postulated in the budgeting of plutonium

99
radionuclides in the Irish Sea . It is evident, however, from the data
in hand that should Am be present in the sample, its activity level is

241less than 1% of that measured for Am, and less than 7% of the activity
f\ -50

level measured for Pu. Thus, the Am contribution to the total

88



trivalent actinide activity levels at Windscale are most probably negligible,
OQQ

and its contribution to the Pu inventory by subsequent decay through
242Cm would appear unimportant.

5. Trace element studies

5.1 Sensitivity and accuracy of atomic absorption spectrophotometry
for trace elements in marine biological samples

R. Fukai and B. Oregioni

During the course of 1974-75 atomic absorption spectrophoto-
metry (AAS) has been used extensively in our laboratory for measuring
various trace elements in marine biological materials in order to conduct
homogeneity tests on the intercalibration samples for trace metal analysis
as well as to obtain baseline data for trace elements in various kinds of
marine organisms collected from different locations in the Mediterranean
Sea. Several series of test experiments have been conducted on the current
methodology in use in our laboratory to ensure satisfactory analytical
performance in measuring a number of trace elements for which analytical
problems have not completely been solved. Sensitivities of the techniques
used were repeatedly checked for various elements and the accuracy of the
analyses were always critically evaluated by analyzing standard reference
materials. The results of these test experiments have uncovered critical
points relevant to the application of the AAS to routine analysis.

Our instrumentation consists of a Perkin-Elmer atomic
absorption spectrophotometer Model 403 equipped with a three slot burner
head 303-0401 for flame analysis or a graphite furnace HGA 72 for flameless
analysis. A Perkin-Elmer 56 XY recorder is connected directly to the
spectrophotometer and all absorbance signals are measured by the peak height
technique. The flame technique was applied to trace metals such as Cr, Mn,
Fe, Co, Ni, Cu, Zn, Ag, Cd and Pb, while the graphite furnace technique was
used to verify the results obtained by the flame technique for Cr, Co, Ag
and Pb. A deuterium arc background corrector was used for the graphite
furnace technique (Model 303-0295).

For mercury measurements, the digestion procedure and cold
100

vapour technique described by Uthe et al. was slightly modified and used
in conjunction with a Beckmann DB-G spectrophotometer with the atomic
absorption accessories. A 10cm quartz cuvette was used as the absorption
cell.

In order to determine the sensitivity of measurements
attainable by our system for various trace elements of interest, repeated
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