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INTRODUCTION

The radioactive low level aqueous wastes originating from the fuel
reprocessing facility at Trombay are being discharged after monitoring
into the Bombay harbour (Fig.1l). The present paper in continuation of our
earlier publication (1), discusses the possible mechanism involved in the
sorption-desorption of cesium-137, cerium=-144 and ruthenium-106 from
the sedimentary particles under environmental conditions.
DISTRIBUTION OF RADIOCACTIVITY IN THE BOMBAY HARBOUR SEDI-
MENT

In general, the concentration of cesium-137, cerium-144 and ru-
thenium~106 in the bed material was found dependant upon the ambient
concentrations, which in turn were similarly dependant upon the release,
The levels of radioactivity deposited were found to drop sharply with the
distance from the discharge point. Thus the sedimentary radioactivity
decreased by more than hundred times towards the mouth of the harbour,
about 15-20 kms away from the discharge point and was beyond detection
limit about 100 kms away.

During the present studies the absolute levels of all the three ra~
dionuclides in the surface sediment from the Trombay clam bed (Fig.1)
were found to drop significantly with time (1971-76)-after reaching appa-~-
rent peak concentrations in 1971~as is evident from Fig.2, which recor-
ds the annual average concentration of the three nuclides. Similar drop,
ranging from 50 to 70 % over a period of three years, in the sedimentary
radioactivity was also observed over the entire 240 km? of the harbour
bed as seen from Fig. 1, which records the distribution pattern of cesi-
um-137 in the bed material during 1971 and 1974. In the vertical profile
of the bed also similar drop in the cesium activity, amounting to about
48-57%, was evident (Fig. 3). It will be seen from the exponential decre-

ase in the radioactivity (Fig.2),

works out to about 1. 86 years,
which is significantly shorter
than its radiological half life (33

Fig. 1l:Bombay Harbour and en~
viron showing the clam beds and
percent cesium 137 activity reta~
ined or desorbed from the bed ma=-
terial in March 1974, as compared
to that observed during March '71.
The full circle represents the ob~
served concentration during 1971
and the shaded as the fraction re-
tained during 1974 at various sta=
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Fig.2:Annual average distribution
,of cerium-144(@), ruthenium=-106
(A), and cesium-137(V) in the
sediment from Trombay clam bed
during 1971-76.

years). On the other hand, the effecti-
ve sedimentary half life of rutheniume-
106 and cerium-144 comes out as 0. 87
and 0. 59 years respectively, and are
practically the same as their radiolo-
gical half life (1.0 and 0.78 year). This
clearly demonstrates the efficiency of
the environment in the removal of ce-
sium=~137 from the sediment. The obs~-
erved minor differences in case of ru-
thenium and cerium after aliowing for
their radiological decay could be due
to the influx of fresh sediment rather
than due to those causes which deple-
te radiocesium in the sediment. Ass~-
uming the sedimentary half lives of
cerium and ruthenium to be meaning-~
ful and ruling out other parameters

for the observed decrease in the sedi-
mentary radioactivity, one could easi-
ly see that there is an influx of about
20% of fresh sediment. Allowing for
this sedimentary influx, especially du-

ring monsoon run~offs, and the natural decay of cesium-137, the obser~
ved effective half life of the radionuclide should have been about 26 years
instead of 1.86 years, as has been observed (Fig.2).It is tempting to sug-

gest that the environment or some

physico-bio-chemical properties of

one or more of its constituents is playing a significant role in bringing

down the levels of cesium activity
in the bed material, at a rate mu-
ch faster than its natural decay.
MECHANISM OF SORPTION-
DESORPTION

The observed drop in
radioactivity of the sediment
may well be due to biotic and

abiotic environmental parameters.

These include the removal of ra-

dioactivity by heterotrophic bacte~

ria and/or through the ingestion

Fig. 3:Distribution of cesium-137

in vertical profile at a mid~ stream

station off the discharge zone in

the Bombay harbour during March
1971 (@) and 1974(0). Assuming the
sedimentation rate of about 1 .cm/
year at the station, the profile for
the year 1971 has been plotted with 40 L i 1 1 i
its surface layer about 3 cms deep

T T T T T
o| SYRFACE
andoshasbusbualnednabochenbed

isenen-d
HHE
)
. o
LY
1974 e 1971
H
0

15

20|

DEPTH IN CM

25|

30

35

50 100 150 200 250
pCt/g SEDIMENT (DRY)

with reference to the surface layer of 1971.

260



by benthic communities. The drop in activity to a certain extent,could also
have been accentuated by the influx of fresh material and/or through the
tidal currents leading to churning of the mobile layer of the sediment,
which in turn may cause frictional detachment, and/or by the subsequent
movement of the bed material from the area of higher or lower concentra-
tions to the region under study. Notwithstanding these mechanisms, the
desorption of some radionuclides (cobalt-60, zinc-65, cesium-137) from
the sedimentary particles have been observed under laboratory conditions,
with sufficient concentrations of radioactivity in the superincumbent sea
water. Thus about 10% of cesium-~137 was desorbed from the sediment-
both original and one made free of organic matter- after 50 days of expo-
sure and attaining peak sorption despite the presence of radioactivity in
the medium (2),

The sorption mechanism of the radionuclides follow either isotopic
exchange reaction with kinetics comparable to an ion-exchange type reac-
tion or isotopic exchange through precipitation and dissolution reactions
or a mixture of precipitation and ion-exchange reactions with formation of
compounds. The sorption of cerium and ruthenium radionuclides is found
through precipitation and formation of compounds, whereas that of cesium
has been observed throughan ion-exchange type of reaction either with po-
tassium or magnesium or sodium (3). The sorption-desorption of various
radionuclides also depend upon the crystal structure and the physico-che-
mical characteristics of the sedimentary particles and of the nuclides.
The Bombay harbour sediment has a large quantity of clay mineral, espe-
cially illite (32-34%), the major exchangeable ion of which is potassium.
It has high organic (3%) and iron-contents (7.5%), with a specific surface
of 187-188 m?/g and the base exchange capacity of 46-47 megq. /100 g.
These characteristics of the sediment have been found to allow a ready
sorption of the cesium radionuclides, the half-uptake time to reach an ap-
parent equilibrium state being only 0.4 day (1, 3). The rates of sorption
of cerium-144 and ruthenium-106 have been found relatively slow though
these nuclides have higher sorption distribution coefficient (104-105) than
has cesium-137 (103,1), Further the cesium sorption is found supressed
at higher salinity due to increased concentration of the exchangeable ions
(k*, Nat, Mg*t), which are known to reduce the binding sites of cesium
on the clay (4). In the laboratory experiments, the desorption of cesium
isotopes was found dependant upon the salinity, Fig. 3. The maximum de-
sorption ( 40%) occurred at normal harbour salinity (38 ©/,,) and the
minimum at the lowest salinity (9.5 ©/,,) studied, after 10 days of mech-
anical shaking. Thus the cesium desorption was found directly proportion-
al to the exchangeable co-ion concentration, The salinity dependance of
sorption-desorption of radiocesium further shows that with the influx of
fresh water during monsoon (June-September), the retention of cesium by
the sediment is relatively better than during the rest of the year. These
observations incidentally explain our earlier findings that there was little
change in the sedimentary radioactivity during and after monsoon, when
the salinity was obsered to go as far down as about 4-8 /55 in the harb-
our (1).

The sediment on treatment with ammonium acetate pH 7.0, ammo-~
nium acetate/acetic acid (1:1) pH 5.4 and 5% EDTA pH 7.0, was found to
desorb about 15-15, 22-26 and 15-24% radiocesium respectively within
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about 24 hours. Thus fairly good amount of ce-
sium was found more or less loosely bound

to the sedimentary particles in an exchangea-
ble form. The desorption of cesium activity
observed during the present studies both un-
der field and laboratory conditions could the-
refore, be explained in terms of its sorption

% CESIUM - 134, 137 RETAINED

o 25 50 7% 100 (38 %, . .
X 324 waren mechanism working in the reverse direction

Fig. 4:Effect of salinity on and hence cesium-potassium sorption-desor-
desorption of cesium-134, ption mechanism follows the law of mass ac-

137 in the sediment from tion, applicable to the ion-exchange type of
Bombay harbour(.-137Cs) equilibrium,

& Tarapur (0-137Cs, L - The failure to observe the desorption
134¢ s)after ten days of of cerium and ruthenium radionuclides in the
shaking under laboratory laboratory experiments may well be due to
condition. their extremely low concentrations in the se-

diment samples from the environment (Fig. 1), The desorption of these
nuclides was not expected, since these are sorbed through complex reac-
tions involving ion~exchange, precipitation and formation of compounds
(5), which are difficult to solubilize at sea water pH. However, both the nu-
clides could be complexed (22-77 %)with EDTA (6). The cesium radiocacti~
vity, on the other hand, could be easily desorbed or exchanged through the
same ion-exchange mechanism working in either direction, when washed
with sea water free of radioactivity or with very little cesium activity at
sea water pH and at normal concentrations of exchangeable co-ions(K/Na
/Mg). The former situation is expected when the sediment is transported
from the contaminated to non-contaminated zones along the coast and lat-
er when the radioactivity discharges are extremely low/stabilized.
In general, our field and laboratory observations on the desorption
- particularly of cesium - under depleted environmental conditions are
contrary to those observed by others through laboratory experiments alo-
ne. We find that cesium sorbed on the marine sediment is readily desor-
bed under favourable environmental conditions, including the transporta-
tion of the sediment from the discharge zone to non-contaminated areas.
This needs to be confirmed in other coastal environments, where fairly
long residence time for cesium radionuclides has been predicted. This
has recently become more imperative because of possible increased dis-
charge of radioactive wastes in the coastal zones. The fact that the envi-
ronment can decontaminate itself, as has been observed here, offers a po-
ssibility to revise the present levels of maximum permissible discharges
especially those in which radiocesium dominates.
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