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Abstract

The effects of temperature on the uptake of *?Cs from seawater and on the retention after its
uptake by thé clam Cyclina sinensis was investigated under laboratory conditions. The clams exhi-
bited a greater bicaccumulation of ¥’Cs in 25°C-acclimated animals than those acclimated at 15°C.
The viscera of the clams reached the highest bioconcentration factor after 14 days uptake from
seawater, but the tissue distribution pattern of !¥’Cs was little influenced, if any, by the uptake
temperature. The uptake rate slightly decreased with an increase of temperature in order of 10°C.

The radionuclide accumulated in clams was released again in a radionuclide-free seawater according

to a two-exponential compartment model.

the short-lived component.

A temperature increase of 10°C reduced the biological

half-life of the long-lived component with a factor of about two,

whereas it caused no change in

Introduction

The release of radionuclides from nuclear power
plants causes the dispersion and bicaccumulation of
certain radionuclides in -the environment and [ecosy-
stem. Cesium-137 is one of - the major fission products

in the liquid efiluent released from nuclear power

plants and it has the long physical half-life and high
fission yield.®>? This radionuclide released into the
marine environment may reach man via several ro-
utes, of which the group of bivalvular shellfishes

used as food is one of the importent routes of entry.

" Marine bivalves are widely distributed and dominant

species in estuarine [and shallow coastal area which

are being used for disposal of liquid waste effluent
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from nuclear rower plants. In addition, marine bi-
valves are widely used as a biological indicator spe-
cies in studies on the contamination of radionuclides
and chemical pollutants in coastal and estuarine en-
vironments as their sessile behavior facilitates the
sampling, ¢3-®

In order to evaluate the potential radiation hazard
to man and to ensure the safety of nuclear facili-
ties, much information on the bioaccumulation of
radionuclides in the food chains of local interest is
keenly needed. Laboratory studies on the uptake of
cesium-137 from seawater and foods by some marine
bivalves have been reported by a few workers, (m®
However, experimental data with the marine clam
Cyclina sinensis which is commonly used as food in
Korea have not been reported as yet.

This study was, therefore, undertaken to investi-
gate the accumulation of cesium-137 directly from
seawater and subsequent elimination in the clam
Cyclina sinensis. In addition the effects of tempera-
ture on the uptake and the retention of the radionu-
clide were observed in detail. This paper describes

the results thus obtained.

Materials and Methods

Clams(Cyclina sinensis), weighing about 20-30¢g,
were collected from the West coast of Korean Penn-
insula and maintained in aquarium at 15-17°C until
needed. The animals were acclimated to the experi-
mental temperature for at least one week before
The salinity of natural seawater used in this

study ranged from 29 to 31%.

use.

In the experiments on the direct uptake of radio-

nuclide from seawater, two groups of 50 animals
each were placed in separate acryl aquaria(30X20X
30 cm) with 10 liters of seawater and kept at two
constant temperatures of 15 and 25+1°C. After the
elapse of appropriate acclimation period, !*’Cs as chlo-
ride form was added to each aquarium in a concen-
tration of 2 ¢Ci/liter. ¥Cs with a specific activity of
27.5 1Ci/ug and dissolved in 1 M HCI was obtained
from the Radiochemical Centre, Amersham, UK. The
uptake media were renewed several times during
the experiments and 1 ml aliquots were regularly

taken for the measurement of radioactivity. The

- tle, gills, adductor muscle,
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variation of 1Cs concentration did not exceed
+10% of the average concentration. At proper time
intervals, five animals each were removed from the
aquarium and briefly rinsed with non-radioactive sea-
water. After the soft tissues were removed from the
shell,
radioactivity after dry ashing at 480°C for 12 hrs by

a G.M. counter (Aloka G.M. tube, window thickness

the samples were measured separately for

" 1.5 mg/cm?, operating voltage 1,100 V). Counts per

minute were corrected for background.

To investigate the tissue distribution of *’Cs in the
clam after uptake, five animals were taken from
each group. The soft tissues were removed from the
shell and dissected into the following parts of man-
After

the dissected tissue was separately combined .and

foot and viscera.

weighed, the radioactivity of the samples were mea-
sured as in the uptake experiments. Bioaccumulation
of radionuclide was expressed in terms of bioconcen-
tration factor, that is, the ratio of the activity in g
of fresh tissue weight to the activity in ml of aqu-
eous medium. The radjoactivity of medium was ob-
tained from the measured values during the experi-
mental period.

For the purpose of retention experiments, clams
were placed in seawater containing *'Cs(2 xCi/liter)
and allowed to bioaccumulate the radionuclide for 14
days at 15°C in the same manner as in the uptake
experiments. Following the uptake, two groups of
animals were replaced in non-radioactive seawater

maintained at 15 and 25-+1°C.
Results and Discussion

1. Temperature-acclimation effect on *’Cs up-
take

The results of temperature-acclimation studies as
shown in Table 1 indicated that acclimation tempera-
ture had great influence on *'Cs uptake by Cyclina
sinensis. That is, the clams exhibited a greater bio-
concentration factor at 25°C-acclimated animals
than those acclimated at 15°C. Clams acclimated at
25°C for 14 days and transferred to 15°C exhibited
the highest bioconcentration factor among the experi-
ments. Jackim et al.® found that acclimation within
10 to 20°C had little, if any, influence on Cd uptake
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Table 1. Uptake of *"Cs by Cyclina sirensis at
15 and 25°C with and without temperature
acclimation®

Acclimation Uptake Bioconcentration
temperature temperature factor®®
O cO After Tdays After Iddays
15 15 1.8140.20 2.444:0.12
25 15 2. 4473-0. 15% 3. 051-0. 08**
15 25 1.3910. 07 1.930.10
25 25 1. 804-0. 07* 2.5540. L0**

a) Test animals were acclimated for 2 weeks at the
specified temperature, and then placed in test sea-
water containing 2 xCi of 37Cs/liter.

b) Mean of 5 replicates (animals) and standard de-
viation

c) Asterisks indicate statistically significant difference
at p<0.05 for* and at p<Q.01 for ** by the stu-
dent’s t-test for the two means at the same uptake
temperature and period.

by Mya aremaria and Mulinia lateralis, whereas
Mpytilus edulus initially exhibited a greater accumu-
lation rate at 10°C in 10°C-acclimated animals than
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those acclimated at 20°C. It, therefore, appears that
species of marine bivalves may exhibit widely var-
ying temperature-acclimation responses toward the
uptake of radionuclides.

2. Relative distribution of *"Cs in tissues

The data on the relative distribution of !¥Cs in
different tissues of the clam are shown in Tables 2
and 3. The results after 7 days uptake show that
the tissue distribution pattern of ¥Cs was slightly-
influenced by the uptake temperature. In the case
of adductor muscle, the amount of ¥Cs in that tis-
sue increased according to the extension of uptake
period, as compared with other tissues. The results
after 14 days uptake show that the highest amount
of ¥Cs was found in viscera with decreasing amo-
unts in the order of mantle, gills, adductor muscle,
and foot. However, the order of the bioconcentration
factor in different tissues was somewhat different
That is, the
highest bioconcentration factor was located in the

from above order as shown Fig. 1.

viscera followed by gills, mantle, foot, and adductor

Table 2. Distribution of 13Cs in different tissues of Cyclina sinensis after 7 days uptake

period at two temperaures

Uptake at 1$°C

Uptalze at 25°C

Tissue* 9% of fresh 9%, of total % of fresht % of total
body weight radioactivity body weigh radioactivity
Foot 5.7 4.9 6.6 7.1
Adductor muscle 13.0 5.0 11.8 6.6
Mantle 27.6 25.1 32.4 29.7
Gills 10.9 16.6 11. 6 11.9
Viscera 42.7 48.4 37.6 44.7

* Collected from 5 animals

Table 3. Distribution of !"Cs in different tissues of Cyclina

at two temperatures

sinensis after 14 days uptake

Uptake at 15°C

Uptake at 25°C

Tissue* 9 of fresh % of total 94 of fresh 9% of total
body weight radioactivity body weight radioactivity
Foot 6.2 4.5 4.2 3.4
Adductor muscle 22.0 13.1 19.2 13.3
Mantle 24.7 23.5 24. 6 23.8
Gills 13.6 14.2 18.1 19.7
Viscera 33.2 44. 6 33.9 39. 8

*Collected from 5 animals
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Fig. 1. Bioconcentration of ¥Cs in different
tissues of Cyclina sinensis after 14 days up-
take at two temperatures

muscle.

In a long-term uptake study using 1°°Cd, Fowler
and Benagoun® found that the viscera showed the
highest bioconcentration factor in Mytilus gallopro-
vincialis. Although the viscera displayed higher con-
centration factor than other tissues, differential tis-
Co, Fe,

and Mn by various tissues of Mpytilus was also re-

sue affinity for heavy metals such as Zn,

ported by other workerst!: 12,
3. Uptake of *"Cs from seawater
The results of the uptake experiments at two dif-

ferent temperatures(15 and 25°C) for the period of

er
15°C .
s :
P
,—‘/'
AT b
S al 25°¢
5 T a
£ >
o=y
& 3r A
& 2
E=4 7
[+ 4
[ y/
=z
Q
<
o}
@
° 1 1 1 1 1 1 L 1
() 10 20 30 40
UPTAKE PERIOD ([ DAYS)

Fig. 2. Uptake of ¥"Cs from seawater by Cyc-
line sinensis at 15°C and 25°C
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5 weeks are presented in Fig. 2. The accumulation
of ¥Cs from seawater was expressed in terms of
bioconcentration factor for the whole soft tissues of
clams. The bioconcentration factor is defined as the
ratio of 3’Cs activity in clams(cpm/g fresh weight)
to the average radioactivity of the seawater (cpm/
ml). The bioconcentration factor of *’Cs as obtained
from mean of 5 animals increased slowly to the
value of 5.5 at 15°C and 4.8 at 25°C at the end of
experiment. The clams accumulated more '*'Cs at
lower temperature than at higher temperature, the
difference being small. It is, however, said that the
bioconcentration factors determined in ;che edible
tissues of the clam Cyclina sinensis are within the
range of those reported for other clams by Harrison,
and others™®,
4. Retention of 37Cs after uptake
The retention of ¥'Cs in clams after its uptake
for 14 days was measured at different temperatures
of 15 and 25°C for 5 weeks period. The loss of ¥7Cs
can be described by two exponential function, as
the loss from two compartments with different ra-
tes. The equation is expressed as follows:
Ai=Aje—-"1 - Ae—22
where:
A:=retained fraction of initial activity at time t
A, and A,==fractions of initial activity present
in the two compartments at t=0
41 and i=rate constant for loss from both com-
partments
Fig. 3 shows the retention curves of Cs in the
clam tissues with the biological half-lives(Th) derived
from the rate constants for loss. After 14 days, the
turnover continued at an exponential rate and it
was, therefore, treated as loss from a single long-
lived compartment. This portion of the curve was
subjected to a least square analysis, and biological
half-lives of 33 and 17 days at 15 and 25°C, respec-
tively, were computed. The retention curves indicate
that a higher fraction of the initial activity is accoe-
unted for by the long-lived component at 15°C than
at 25°C,
The data for the parameters derived from the re-
tention curves are summarized in Table 4. The
long-lived component accounts for ratio of initial

activity ranging from 47 to 38% at the temperature
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Fig. 3. Retention of '*Cs by Cyclina sinensis at
15°C and 25°C after 14 days uptake from sea-
water containing 2 uxCi of 137Cs/liter
Solid line : retention curves obtained from 4 ani-

mals replication
Broken line : separately obtained for
long-lived components

short and

of .15 and 25°C, respectively. The effect of temper-
ature on the retention of ¥Cs can be seen in the
difference in the biological half-life of the long-lived
components. Table 4 shows that the Tb of this com-
ponent is about two times shorter at the higher
temperature than at the lower. For Mya arenaria
and Crassostrea gigas long-lived compartments of
radiocesium have been demonstrated™ ¥, It is esti-
mated that about 60% of the activity was in the
short-lived component. Turnover was rapid in the
short-lived component, which had Tb of approxima-

tely 2 days at both temperatures.
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