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Abstract

The uptake and retention of strontium-90 from seawater by the seaweed Undaria pinnatifida
(sea mustard) varied depending on the plant part, exposure time, salinity, contents of stable
strontium and calcium, and presence of chelating agent in the seawater. The concentration factors
attained at equilibrium were in the range of 50 and it was evident that the biocaccumulation was.

largely due to the adsorption of the radionuclide on the surface of seaweed.
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into the marine environment are concentrated to

1. Introduction varying degrees by marine organisms and trans-

ferred to man by means of marine food. In

The operation of nuclear power plants inev- order to evaluate the potential radiation hazard
itably causes the release of radionuclides into to man and to ensure the safety of nuclear
the marine environment. Radionuclides released facilities, more information on the contaminat-
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ion of marine environment by radionuclides is
required. The term concentration factor is fre-
quently used to evaluate the contamination level
of aquatic organisms and to predict the route
and rate of radionuclide transfer from seawater
to man. The available data on concentration
factors based on uptake experiments with rad-
ionuclides were compiled by several authorsi~2.

Macrophytes, i.e. benthic macroscopic algae
dominate as a primary producer in many shallow
coastal areas and radionuclides taken up by
macrophytes can be transferred directly to man
as food. Several workers have studied the up-
take and-loss of radionuclides by marine benthic
macrophytes in laboratory3~®. Nakahara et al.®
investigated the accumulation of cobalt-60 by
Undaria pinnatifida, where they reported the
concentration factor of 210. However, only a
few papers for Undaria have been found so far.
The Undaria, sea mustard, is one of the most
greatly consumed macrophytes in Korea and is
cultivated on a large scale in coastal areas.

In this regard, the uptake and loss of stron-
tium-90 by Unduaria and the effect of some en-
vironmental factors on this radioisotope flux
were investigated. Strontium-90 has long been
recognized as the radionuclide of potential rad-
iation risk to man through contamination of
diet.

2. Materials and Methods

The seaweed (Undaria pinnatifida) was coll-
ected from the seashore of cultivation area loc-
ated at Gijang, Dongnae-Gun, Gyungnam Pro-
vince. Seawater collected from the same place
was filtered through a membrane filter of 0. 45
pm pore-size. The properties and composition
of seawater used for this experiment are shown
in Table 1.

Radioactive strontium (**Sr(NOg); in 1M
HNO,, carrier free, Radiochemical Centre, Am-

Table 1. Properties of Seawater used for

Experiment
pH 7.9
Salinity 29%
Calcium ion 400 mg/kg
Strontium ion 13mg/kg

ersham) was added to filtered seawater to give:
final concentrations of 0.1, 1 and 10 xCi/L.
Solutions containing stable strontium of two -or
five times higher concentration than natural
seawater were prepared by adding Sr(NO,); to
seawater. Calcium ion was also added as CaCl,.

After the radioactivity of *Sr solution showed
a steady value, blades of Undaria (2x 15cm
size) were introduced into the wide-mouth
glass bottle containing 500 or 1000 ml of *Sr
solution. ‘During the uptake experiments,
temperature was maintained at 10 -+ 1°C and
dark condition was maintained to retard the
growth of Undaria. The medium was renewed
several times during the experiments so that
the variation of 9%Sr concentration did not
exceed -+ 10% of the average concentration.
The radioactivity of the medium was monitored
by using 1ml aliquot and that of the seaweed
was measured for samples (100~500 mg) cut
from the blades in small portion at proper time.
intervals.

Following the uptake of %Sr by Undaria bla-
des (2x10cm) at the concentration of 10 xCi/L
for 24 hours, each blade was transferred to a
bottle containing 500 ml of filtered nonradioactive
seawater. The seawater was exchanged several
times during the loss experiment period. The
temperature was maintained at 10+1°C. Samples.
(100~500 mg) of blades were taken at time in-
tervals for the determination of retained radio-
activity. To assess the effect of calcium concen-
tration in medium on the loss pattern of °°Sr
in blades, the radioactivity was observed on
blades transferred to seawater containing calcium
ion two or three times higher than natural
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seawater after uptake of “Sr as stated above.
In the loss experiment with chelating agent,
ethylenedinitrilotetraacetic acid tetrasodium salt
(EDTA Na,), two blades (2X12 cm) were intr-
oduced into the 1,000 m]l medium of *Sr solution
with the concentration of 10 ¢Ci/L. After the
incubation period for 24 hours, each blade was
transferred into nonradioactive seawater with or
without EDTA (2 mM). The medium was sha-
ken manually every ten minutes for one hour.
Samples for radioactivity analysis were taken in
small portion.

Seaweed samples taken in uptake and loss
experiments were rinsed briefly with nonradio-
active seawater and weighed after surface moi-
sture was blotted with filter paper. The samples
were then digested in 25 ml vials using concen-
trated HNO; and 30% hydrogen peroxide. After
digestion, the solutions were dried on hot plate
and dissolved again in 5 N HNOQ;. One ml aliquot
of the dissolved solution was poured into an
aluminium planchet and dried under I.R. lamp.
The radioactivity was measured by using a G.M.
Counter (Aloka G.M. tube, window thickness
1.5 mg/cm3, operating voltage 1,100 V). Counts
per minute (cpm) were corrected for background.

3. Results

The concentration factors of radionuclide were
calculated on a wet weight basis according to
the following equation,

cpm/g of tissue sample
cpm/g of medium

Fig. 1 shows the distribution, pattern of *Sr in

Concentration factor=

a single blade of Undaria. A higher concentra-
tion factor was found at the top portion of the
blade and similar concentration factors at the
rest portion. Therefore, a median portion of the
blade was used in the following experiments.
The uptake pattern of *°Sr by Undaria blade
is shown in Fig. 2. Rapid uptake in the initial
stage was followed by slow uptake, which ten-

Radioactivity Concentration

Undaria blade (cpm/g) factor
2,660 1 516
L _ 14,698
9, 682 ] 9.7
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Fig. 1. Radioactivities and Concentration Factors
in Various Parts of Undaria Blade after
24 Heur Uptake Period in ¥Sr Medium
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Fig. 3. Effect of Salinity on the Uptake of *Sr
by Undaria Blade
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Table 2. Radioactivities and Concentration Factors of *“Sr in Undaria Blade at
Differenit Stable Sr Concentrations
Sr* in medium After 24 hrs After 3 days
. . . Medium . . .. Medium .
Tissue activity P Concentration |{Tissue activity P Concentration
(mg/kg) (cpm/g) (i‘;,t::/lg]) factor (cpm/g) acptg/lrtgl) factor
13 14,724 744 19.8 37,238 741 50.3
23 12,079 753 16.0 33,934 736 46.1
65 10, 365 756 13.7 24, 956 730 34.2
Table 3. Radioactivities and Concentration Factors of “Sr in Undaria Blade at
Different Ca* Concentrations
Ca* in medium After 24 hrs After 3 days
. s . Medium . . . Medium .
Tissue activity P Concentration |Tissue activity e Concentration
(mg/kg) (cpm/g) &%tg}gl) factor (cpm/g) (ac%tg/lgl) factor
400 16, 335 746 21.9 54,703 743 73.6
800 9, 240 732 12.6 25, 801 731 35.3
1, 200 6, 836 740 9.2 17,291 730 23.7

ded to reach an equilibrium state after about 3
-days. Fig. 3 shows the effect of salinity on the
‘uptake pattern of 9°Sr by Undaria blade. At an
-equilibrium state the concentration factor decr-
eased with an increase of salinity in the medi-
um. The effect of stable Sr on the uptake of
90Sr by blades is shown in Table 2, where the
uptake of Sr tended to decrease with an incr-
.ease of stable Sr ion concentration in medium.
After 24 hours uptake the concentration factors
in medium containing two or five times higher
-concentration of stable Sr than natural seawater
‘were decreased to 81 or 709 of control, respe-
‘ctively. The effect of calcium ion on the uptake
-of °°Sr was also similar to stable Sr shown in
"“Table 3. The uptake of 9Sr by blades in me-
-dium containing two or five times higher conc-
-entration of Ca ion than natural seawater sho-
wed that the concentration factors were decre-
.ased to 58 or 42% in 24 hours uptake and
-decreased to 48 or 32% in 3 days uptake, res-
pectively.

The retention of %Sr in blade of Undaria
was investigated on samples transferred to non-
after 24 hours uptake

radioaétive seawater

from seawater at a concentration of 10 uCi/L of
radioactive Sr. Fig. 4 shows the loss of radioa-
ctivity from Undaria blade, where rapid loss of
9Sr during the first 3 days was followed by
slow decrease of radioactivity. About 90% of
radioactivity was lost from blades on the first
day. Loss of °Sr was slightly stimulated by
increase of Ca ion in the medium as shown in
Fig. 5. Fig. 6 shows the effect of EDTA, which

is known to be a typical chelating agent, on
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Fig. 4. Loss of “Sr from Undaria Blade
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Fig. 5. Effect of Ca Concentration in Seawater
on the Loss of “Sr from Undaria Blade
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Fig. 6. Effect of EDTA on the Desorption of %Sy
from Undaria Blade

the loss of %Sr. Addition of EDTA (2 mM) to

medium after the blade was contaminated with

%Sr enhanced the desorption of ®Sr three times

faster than occurred in medium without the

chelating agent.

4. Discussion

The accumulation of radionuclides by benthic
algae is known to vary according to the radio-
nuclide and algal species”. As shown in Fig. 4,
the higher concentration factor of top portion

in the blade as compared with the rest portion
seems to be related to metabolic activity of the
seaweed. Environmental factors such as salinity,
pH, and temperature might influence the meta~
bolic activity and consequently the isotope flux.
In general, the addition of stable carrier can be
expected to reduce the accumulation of the
corresponding radioisotope. Miyama et al.® re-
ported that increasing the concentration of stable:
I, Fe and Ru resulted in the lowering of conc-
entration factors of the corresponding radioiso--
topes in Ulva, Enteromorpha and Codium. The-
addition of stable iodine has also been found to.
cause a decrease in the!®I uptake rate in La-
minaria®. In addition, increasing amounts of st-
able Y slightly reduced the concentration factors:
of 9Y in Porphyra®.

In addition to stable carrier, elements which
are chemically similar to the radioisotopes of
interest can also reduce the accumulation of
corresponding radioisotopes. For example, Scott!®
found that Fucus took up more cesium in pota--
ssium deficient seawater than in natural sea-
water. Likewise, it was reported that %Sr uptake:
can be affected by the substitution element CalV.
The results presented in Tables 2 and 3 show-
that an increase in stable Sr or substitution
element Ca decreased significantly the uptake:
of 9Sr, which was consistent with the results
stated above. However, the decrease of 9%Sr-
uptake by increase of Ca ion concentration might-
be partly due to the change in salinity because
the increase in salinity resulted in decrease of
%Sr uptake as shown in Fig. 3.

Extracellular materials from benthic algae can.
also influence the isotope uptake. In Fig. 2
about 80% of 9Sr uptake at equilibrium state
occurred in the initial 24 hours, which seems.
to be due to adsorption by extracellular substa-
nces on surface. This was also demonstrated in
the remarkable loss of %Sr in the presence of
EDTA in the medium as shown in Fig. 6..
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Therefore, it is likely that surface adsorption
plays an important role in the uptake of %Sr
by Undaria. From the result of retention exper-
iment as shown in Fig. 4, the loss of %Sr after
uptake of the radionuclide by Undaria blade can
be described by two-exponential model having
two compartments with different rates. The
short-lived component might be due to the eli-
mination of a large fraction of the radioactivity
initially adsorbed on the surface layer, while
the long-lived component could be accounted for
by a fairly slow elimination of the radioactivity
accumulated in the inner portion of Undaria.
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