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I. INTRODUCTION

The global inventory of plutonium isotopes indicates that the highest
activity is represented by Pu-241 of which about 6000 kCi have been
released by the atmospheric nuclear weapons tests as world-wide fallout
(1,2). Another 2000 kCi of Pu-241 might be locally deposited near the
test sites (3). Pu-241 is a rather short-lived beta emitting radio-
nuclide which decays with a half-life of about 13 years to Amr241 which

is long-lived (half-life 458 years) and is an alpha-emitter. Thus, due

to the decay of fallout Pu-241 the activity of Am-241 in the environment
will increase with time and reach the same activity-level as Pu-~239

(2000 kCi) in about 70 years. A small amount of Aw-24} is, however,
present in the fabricated weapons but in the fallout it is mainly

derived from the decay of Pu~241. In the effluent from nuclear reprocess-—
ing plants the Pu~241/Pu-239+240 activity ratio as well as the Am-241/Pu~-
2394240 activity ratio can be much higher tham that in fall-out from
nuclear explosions. Some observations also indicate that americium

from reprocessing plants might be more easily available to biota than that
originating from nuclear weapons tests (4). In the thermonuclear test
explosion 'Ivy Mike' November 1952, the Pu-241/Pu-239+240 activity ratio
was reported to be as high as 28 (5).

2. SAMPLING ANALYSIS AND MEASUREMENTS

Samples of lichen (Cladonia alpestris). have been collected since 1961

from the Lake Rogen district in central Sweden (62.3 N, 12.4 E). A
standardized technique using a frame over an area of 0.25 m? was employed.
The samples had previously been analyzed for Pu-238 and Pu-239+240 (6).

We have also analyzed one sediment sample collected in July 1975 from the
Irish Sea, and one sediment sample collected during 1970 from the Bikini
Atoll (Bravo Crater). These sediment samples had been analyzed previously
for Pu-239+240 and Am-241 (4) and now about one year later also have been
analyzed for Pu-241. The analysis of Pu-241 is performed by separating
the Am—241 which is derived from the previously electroplated Pu-241. The
Am-241 has been analyzed in the samples by ion-exchange separation in a
nitric-acid/methanocl medium (7). All samples were electroplated and
counted with surface barrier detectors connected to a multi-channel
analyzer and the activities of Pu-~241 and Am~241 were corrected to the
date of collection. The radiochemical yield of the radiochemical
separations was monitored by addition of Pu—236 for Pu-isotopes and Am243
or Cm-244 for Am-isotopes.

3. RESULTS AND DISCUSSION

The activities of Pu-241 and Am-241 lichen corrected to the date of
collection during 1961-1975 are given in Fig. 1 together with the Pu-239+
240 values determined previously (6). The activity concentrations of all
plutonium isotopes in lichen show maxima for the period 1963-1966 of
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about 4000 pCi per kg dry weight for Pu-241 and 300 pCi per kg dry weight
for Pu-239+240. These maxima are caused by the larger nuclear weapons
tests during 1961-1962.
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Fig. 1 The temporal variation of the activity-concentrations of
Pu-241, Pu-239+240 and Am-241 in lichens collected in central Sweden.

Because most Am—-241 is mainly formed in situ by the decay of Pu-24] it
does not show a corresponding maximum. The maximum activity concentration
of Am-241 appears much later (1968-1970) and is then about 35 pCi/kg dry
weight. The activity ratios Pu~241/pu-239+240, Am—241/Pu-239+240 and
Am-241/Pu-241 in lichen are presented in Fig. 2. The Pu~241/Pu-239+240
activity-ratio decreases from about 14 in 1964 to about 7 in 1975 which is
mainly due to the physical decay of Pu-241. The Am241/Pu-239+240 activity
ratio shows a quite irregular pattern during the period 1961-1963 which
is probably due to the presence of Am=~241 in the fallout during this
period. After 1967 this ratio increased to a more stable value of about
0.17 in the lichen carpet. The Am—241/Pu-241 activity ratio in lichen
rises smoothly to a value of about 0.023 in 1970 but then decreased
slightly. This might be an indication that Am~241 is more easily
accessible in the lichen plant than Pu-241.

The biological mean residence tjme for plutonium in the lichen carpet was
estimated previously as 6 + 0.5 years by using a simple compartment model
for the area contained in the lichen carpet (1). The deposition-rate of
Am-24] was estimated by using the Am—241/pu-241 activity-ratio of surface
air and the Pu-241 deposition curve derived previously (1,5). For Am-241,
however, one also has to take the in situ build up into consideration and
the biological mean residence time for americium in the lichen was
estimated as 3 + | years.
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The activity levels and activity-ratios for sediments, lichen and glebal
fallout are summarized in Table 1.

Environmental Pu-241 Am-241 Am-241

sample Pu=2394240  $3-7393240  Pu~2394240 Pu-241

Global fallout 1.040. 1% 7.0+1.0 0.2440.02 0,034

Reindeer lichen 0.1240.03%% 8.0+1.0 0.16+0.02 0.02

Bikini sediment 83 + 3¥¥ 8.2+0.5 0.58+0.02 0.077

Windscale sediment 110 + 4% 2242 2.0+0.1 0.09
¢ nCi/m2 (*¥) nCi per kg dry weight

Table 1. The activity content and various activity ratios of
Pu-239+240, Pu-241 and Am-241 in various types of environmental
samples. (Activity corrected to Oct. 1975).
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By analyzing profiles of lichen carpet and soil layers the accumulated
area content of Am241 was determined to be 210 + 20 pCi/m2 in 1972;
the corresponding value for Pu-241 was 7800 + 900 pCi/m2.

The results of present investigationsindicate that Am~241 was present
in the environment from nuclear weapons tests prior to 1960, though the
U.S. and U.S.S.R. tests series in 1961-1962 comprise the major input.
In 1975 about 15-20% of the Am~241 in the lichen carpet originated from
direct fallout and 80-857 are derived by in situ build up from Pu-241.

Activity ratios of 2*'Pu and 2'Am
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Fig. 2 The temporal variation of the activity-ratios Pu~-241/Pu-239+
240, Am—241/Pu-241 and Am—241/Pu-239+240 in lichen carpets.

Results of the analysis of the Windscale sediments give an activity ratio
for Pu-241/Pu~239+240 of 22 + 2, in good agreement with the activity

ratio in the effluent which is reported to be about 10-100 (8). The
corresponding ratio for the IAEA intercalibration samples AG-I-1 (seaweed)
and SW-I-2 (seawater) which are collected in the same area as the sediment
sample is about 30 (9). For the Bikini sediment samples a lower value

of the Pu-241/Pu-239+240 activity ratio was found. In 1976 this was

8.2 + 0.5, and, corrected for physical decay to 1954 it became 25. This
is s11ght1y less than the value 3 which has been observed in coral
sections from the same place (10).
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