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1. INTRODUCTION

Much attention has been paid for the environmental contamination with
transuranics, especially plutonium having long half-lives and high radio-
toxicity, from nuclear installations or weapon testing. On the other hand,
recently, the environmental concern for americium has increased from the
radiological protection point of view (1). However, only limited knowledge
has been obtained on the behavior of americium in the aquatic environments
(2-6). To elucidate radioecological concentration processes of americium by
aquatic organisms, the uptake and retention of Am-241 by fingerlings of
rainbow trout were investigated under laboratory conditions using natural
river water with aeration. The results were compared with those of some
other radionuclides such as Co-60, Ru-106, I-131, Cs-137 and Ce-144, in re-
lation to their physical states.

2, MATERIALS AND METHODS
2.1. Radionuclides

Am~-241 in Am(NO,).,, Co-60 in CoCl,, I-131 in Nal, Cs-137 in CsCl, Ce-144 in
CeCl,, Ru-106 in chloro and RuNO Complexes of RuNO-nitro, -nitrato and
—~binlclear which were prepared according to the method described by Fletcher
et al. (7) and were used in the present experiments.

2.2, Fish and their rearing method

The fingerlings of rainbow trout, Salmo gairdneri irideus, were about 5
months old after hatching. The average body length and weight of the fish
were 5 cm and 1 g, respectively. The fish were reared with aeration in
plastic vessels which held 20 liters of a river water of pH 7.2 contaminated
with each radionuclide at the radioactive concentration of about 1-10 uCi/1.
The temperature of rearing water was kept at 12+1° C. The fish were trans-
fered to the vessels in a group of about 200 fish when the radicactive con-
centration of the rearing water reached at an approximate constant level.
During retention-experiments, the rearing water was frequently changed for
the fresh one without radioactivity to prevent a buildup of contaminants.
Throughout the experimental periods, the fish were reared without specific
feeding.

2.3. Fractionation of radionuclide in rearing water
To elucidate physical states of radionuclides in rearing waters, the frac-

tionation experiments of the radionuclides were carried out by filtrating
5 ml of rearing water with Millipore HAWP filters(0.45 um of pore size).
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The filters which retained Am-241 were also observed by the alpha-track
autoradiography using cellulose nitrate film detectors.

2.4, Measurement of radioactivity

The individual fresh sample made up in triplicate was measured for its
radioactivity by using automatic gamma counting system equipped with well
type NaI(Tl) detector(Auto-well). The Am-241 concentration in samples was
also measured by using low energy photon spectrometer(LEPS). Furthermore,
the alpha-track autoradiograms were taken with frozen sections of fish.

3. RESULTS AND DISCUSSION
3.1. Fractionation of Am-241 in rearing water

The changes of Am-241 concentration in rearing water are shown in Fig. 1
with the alpha-track autoradiograms of filters retaining Am—-241.

The results obtained by both Auto-well and LEPS counting showed quite simi-
lar trend with each other. The radioactivity of Am-241 retained on filters
increased with time after transfer of fish into the water and reached to

an apparent equilibrium state in about 5 days. The fractionation of the
radionuclides in rearing waters showed that at apparent equilibrium states,
about 90% of Am-241 were retained on the filters in the same way as Ce-144,
while only about 20% was retained for RuNO-nitrato and less than 10% for
the other radionuclides. These results indicate that more than 50% of
Am--241 or Ce-144 and some of Ru-106 in fresh water are of particulate form,
while most of Co-60, I-131 and Cs-137 are of quite soluble form as previ-
ously reported (8). Am-241 should behave in a similar way to the lanthanide
elements in the marine environment in many respects (4). In the present
studies, Am-241 also behaved in a similar way to cerium in the fresh water
environment. As can be seen from the plate in Fig.l, the alpha-track auto-
radiograms of the filters retaining Am-241 showed homogeneous tracks before
transfer of fish into the water, while aggregations observed after transfer
of fish seemed to indicate adsorption of Am-241 on suspended matter.

urray and Fukai (9) reported that most of Am(III) in the filtered Var River
water of pH 8.1 was in particle form and the particle formation of Am(III)
in both river water and sea water seemed to be influenced much more than
that of Pu(IV) by the occurrence of unfiltered substances.

3.2, Uptake and retention of Am-241 by fish

The uptake and accumulation of Am-241 in the whole-body of fingerlings are
shown in Fig. 2 with those by their tissues of viscera and gills.

The curves were drawn on the basis of assumed exponential model (10). The
pattern of whole-body uptake of Am-241 was similar to that of Ce-144 and
radioactivities in the fish reached apparent equilibrium -in about 10 days,
whereas only several days were required for the other radionuclides (l1).
Table 1 summarizes the rate of uptake(u) and the turnover rate(B) calculated
from the uptake curves on the basis of exponential model (10).

The concentration factors are also listed in this table, though the concen-—
tration factor of Am-241 for lake trout in the Lake Michigan was not ex-
plicitly reported by Wahlgren et al. (5). As can be seen in this table, the
estimated concentration factors from the ratio u/B are quite similar to
those observed.

It is noticeable that the highest uptake of Am-241 were found in the viscera
including digestive tracts and was followed by that in gills.

The alpha-track autoradiograms of frozen section of fish also demonstrated
the occurrences of aggregated Am-241 in the digestive tracts.
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These results suggest that the fish swallowed suspended matters, on which
Am-241 was adsorbed. On the other hand, the highest uptakes among various
tissues were found in viscera for Ru~106, Ce~144 and Co-60, in gills for
I-131 and in muscle for Cs-137 (11-12).

The retention patterns of Am-241 by whole-body, viscera and gills are shown
in Fig. 3.

The whole-body retention of Am-241 was about 30% in 10 days and thereafter
gradually decreased. The elimination of Am-241 from Lhe tissues was highest
in gills. Comparing the retention in 20 days, only about 9% of whole-body
was found for gills, whereas about 637% for viscera including digestive
tracts. This higher retention of Am-241 in viscera was similar to the previ-
ously reported value for Ce-144 (11).
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