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Abstract

The absorption and translocation of strontium-90 by soybean plant, Glycine mazx, was studied
by applying strontium-90 solution on the foliage or on the soil surface right after the first flow-
ering time under greenhouse conditions. The results are summarized as follows.

In the foliar application of strontium-90, only a small portion of the radioactivity was trans-
located to other parts of the plant and most of it remajned in the applied leaves, which should
cause soil contamination after falling. In the soil surface application of strontium-90, much of
the radioactivity was absorbed through the root and translocated to stems and leaves by different
patterns depending on the growth stage.
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erable concern in recent years. Some of these

1. Introduction radionuclides will eventually be ingested by

man through his food supply. Some 259 of the

Contamination of the natural environment by radionuclides released by the explosion of a
radioactive fission products has aroused consid- single nuclear weapon may be fallen down on

* Present address: Department of Biochemistry, Yonsei University, Seoul
** Present address: Department of Food & Nutrition, Ewha Woman’s University, Seoul

— 110 —



The Uptake and Translecation of Sr-90---K.J. Lee, J.H. Lee and S.R. Lee 111

the earth, in which only 19 or less of the
fission products are considered to reach the soil
in one year. This type of contamination will
also occur by the gaseous effiuent released dur-
ing the operation of nuclear power plants. The
radionuclides thus formed could be transferred
directly to man or animals when the plant
leaves are eaten as focd or feed.V

Among the radioactive fissicn products, the
leng-lived nuclide strontium-90 is considered
the major hazards to the ccnsumers of agricul-
tural preducts. Neel et @/.2? have shown that
plants take up far more strontium-90 than any
other fission preducts from the soil and they
concluded that strentium-90 is potentially the
most hazardous in agriculture. In addition to
uptake via the root system, direct deposition of
the nuclide onto leaves may occur and the conta-
mination should be concerned with the direct
transfer to animals or man when the foliage por-
tion is eaten. This is one of the most important
aspects of food-chain studies on radionuclides.
It was reported by many workers that under
fallout conditions, 669 of th total strontium-
90 uptake in vegetation enters to the plant by
foliar uptake.® As for the internal hazard of
the strontium, tke nuclide has its chemical simil-
arity to calcium and follows a metabolic path
from soil to vertebrate’s bone. Experiments on
animals indicated that the pathological effects
due to strontium-90 may be anemia, bone neer-
osis, cancer and leukemia.

The behavior of strontium in the soil and
its uptake by plants has been already known
in many respects.*”® Pablo® investigated the
behavior of strontium and cesium by certain
vegetable crops under Philippines conditions
and Schroeder® examined this aspect under
various German soil and climate conditions by
using white clover and ryegrass. Bruce!® and
Vose!” have compared the absorption of stron-

tium-90 and calcium by six species of clover

and six species of grass grown in pots contain-
ing three contrasting scil types. These results
may be used to reduce the contaminated radio-

strontium by chcosing particular plant species
so that tke contaminated land could be recla-
imed.

However the extent to which a radionuclide
is absorbed from the soil to plants seems to
derend on the species of the plant, the prope-
rties of cultivated soil especially its calcium
content, and the conditions of plant growth.
These conditions are quite different in different
regions so that any results obtained in one
country can not be directly transposed to ano-
ther country. This paper, therefore, reports an
experimental study to examine behavior of
strontium-90 under local environmental cond-

itions of South Korea.

2. Materials and Methods

The plant soybean (Glycine max), Bong-Eui
cultivar, was chosen for the present investiga-
tion. Plastic Wagner pots (32 cm in diameter
equivalent to 1/1238 a and 24 cm in height)
were used for cultivation of the plant under
greenhouse conditions.

Three to four plants were grown in each pots
filled with sandy loam soil and equal amounts
of water were given once a day at a fixed
time. Artificial contamination of radionuclide
was made through foliage or soil application
just after the first flowers were formed. Stron-
tium-90 in the form of strontium nitrate (*°Sr
(NOy), in 1M HNO;, carrier free, Radiochem-
ical Centre, Amersham, U.K.) was applied as a
pH 6.0 Hoagland solution having an activity
level of 0.1 pCi/ml. For foliar contamination,
2-3 ml of the radioisotope solution was carefu-
lly applied as a thin film on the upper surface
of the leaves using small paint brush of nylon’s

hair. To improve the adsorption on the leaves,
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0.1% of Tween-80 was added into the radioi-
sotope solution. To avoid any possibility of soil
contamination during the application steps, the
soil surface was covered with a sheet of plastic
film. In three pots, one plant each was left
uncontaminated and used as a control to detect
the possible translocation of strontium-90 from
one plant to another across the soil. For
soil contamination, 20 ml of %Sr solution was

spread over the surface of the soil as evenly

as possible using a dropper.

Plant samples were collected at selected inte-
rvals, eg., 6, 12, 18, 24, 30, 42, and 60
days after the treatment. The whole plant was
carefully drawn up from the soil, its root syst-
em was lightly washed by dipping into distilled
water and blotted with filter paper. The plant
was then divided into different portions of lea-
ves, stems, roots, flowers and pods. The fresh
weight of each portion was directly measured
and dried for two days at 70°C.

The dried samples were ashed in a muffle
furnace at 550°C for 20 hours and digested
with concentrated nitric acid on a hot plate.
When the sample was completely digested, it
was evaporated to dryness and dissolved again
in 3 ml of 5 N nitric acid. One ml aliquot of
these solutions was pipetted onto 1-inch alumi-
num planchet, dried under an infra-red lamp
and counted with a Geiger-Muller counter hav-

ing 1.5 mg/cm? window thickness.

3. Results and Discussion

In foliar treatment of radionuclide solution,
it was difficult to apply the same amount of
material on the leaves since the surface area of
the leaves was different from plant to plant.
The radioactivity counted in this experiment
for different organs was, therefore, presented as
percentages of the whole plant.

The results on the dry weight of plant mat-
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Table 1. Dry Weight of Plant Materials After
Foliar Treatments with *Sr

Time after treatment (day)/total
Plant dry weight per plant (g)

organ 6]12.18[24[30142 €0

Leaves| 2.03| 2.79] 3.50] 4.20 4.3 4.13 3.70
Stems| 1.67| 2.03| 2.68 3.07 3.47| 3.30] 2.62
Roots | 0.45{ 0.28/ 0.56/ 0.59 0.66/ 0.54 0.39
Pods | 0.08 0.12 0.31) 0.48 0.70] 1.91 2.83

Total‘ 4.23\ 5.22| 7.05 8.34[ 9. 19{ 9.88§ 9.54

|

Table 2. Percent Distribution of Radioactivity in
the Different Parts of Soybean Plants
After Foliar Treatments with *Sr

Plant Time after treatment(day)
organ

6|12'18'24 20 | 42 0
Leaves| 99| 9ol 9o 99 99 99 g9
Stems| 1 1 1 L 1} 1 05
Roots — - - — — —‘ —
Pods —i — — —‘ —{ = 0.5

erial and distribution of radioactivity in differ-
ent parts of soybean plant after foliar treatm-
ent with %Sr are shown in Tables 1 and 2,
Most of the applied radioactivity remained in
the leaves on which the test solution was init-
ially treated and only 1% of the applied acti-
vity was translocated from treated leaves to
other organs. Roushdy and Abdel Salam”™ obse
rved that the lower part of plant stem took
part in the translocation and showed a tendency
of %Sr accumulation. However, the mobility of
90Sr from leaves to other parts was not demo-
nstrated in this experiment.

The results on the radioactivity in the lea
ves of soybean plant after foliar application of
30Sr are shown in Fig. 1. The total activity in
the alive leaves was decreased with growth
time and reached 159% of the initial activity
from 40th day after treatment. This reduction
of the radioactivity in the alive leaves of the
plant would be due not to the translocation of

the nuclide but to the falling of dead leaves.
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Fig. 1. Radioactivity in the Attached Leaves of
Soybean Plants After Foliar Treatment
with *Sr

The activity loss which ranged upto 859% of

the treated activity would cause a radioconta-

this will

become an unavoidable source of contamination

mination of the soil and eventually

in future crops.

With radioactive fallout, direct deposition of
fission products may occur on the leaf surface,
and the resulting contaminants may be absorbed
metabolically by the pland or transferred dire-
ctly to animals or man that consume the cont-
aminated foliage. It is thus expected that foliar
deposition is an important mode of entry of
contaminating radioactive substance into food
chains of animals and human beings.

In soil treatment of radionuclides, the absor-
ption of *Sr is complicated by its non-uniform
in the Most of the
strontium deposited by fallout is in the upper 5
cm depth of undisturbed soil.®

distribution soil profile.
The extent to
which a radionuclide is absorbed from the soil
by plants seems to depend on the chemical
form of the nuclide, the metabolic requirements
of the plant and the physico-chemical properties

of the soil. ~Transpiration may play a very
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Fig. 2. Radioactivity in the Whole Plants of Soy
bean After Soil Surface Treatment with
QOSr

important role in the uptake of strontium thr

ough the roots. As shown in Fig. 2, the total

increased

But it seemed that the

growth rate of the plant was much faster than

radioactivity intaken by the plant

gradually with time.

the uptake rate of radionuclide. Therefore the
specific activity of the plant increased progre-
ssively up to 24th day after treatment and

decreased gradually thereafter, as shown in Fig.3.
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Fig. 3. Radioactivity in the Whole Plants of Soy
bean After Soil Surface Treatment with
0Sr
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Fig. 4. Radioactivity in the Different Parts of
Soybean Plants After Soil Surface Treat-
ment with “Sr

It was also estimated that about 5% of the

total radioactivity treated was absorbed into the

plant at 60th day after treatment.

The radioactivities in different parts of soyb-
ean plants after soil treatment of *Sr are shown
in Fig. 4 and 5. The total activity of the
leaves was gradually increased with time, and
529 of the total absorbed activity resided in
the leaves at 60th day after treatment. As
shown in the foliar treatment, the reduction in
the amount of radioactvity in the leaves of the
plant was not attributed to the translocation of
the nuclide but to the activity loss falling of
leaves. Many workers could demonstrate a clear
translocation of the activity and a specific
distribution to differeat regions within the
metabolic paths by means of autoradiography.*?
The activity loss by dead leaves increased
significantly with time and it ranged up to
76% of the whole leaves at 60th day after
treatment. The activity of the stems was slig-
htly higher than that of the leaves, with an
increase up to 42nd day after treatment and a
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Fig. 5. Radiactivity in the Different Parts of
Soybean Plants After Soil Surface Treat
ment with “Sr

gradual decrease thereafter. It seems that the

reduction of activity is due to translocation to

30% of

the total plant activity was remained in the

other organs. As shown in Table 4,

stems at 60th day after treatment. The activity
loss by the dead stems was not great but it
was increased to reach 249 of the total stems
activity at 60th day after treatment.

As shown in Fig. 5, the specific activity of
the roots was the greatest among different org-
ans. The activity of the roots decreased signi-
ficantly with time, and reached 6% of total
activity at 60th day after treatment as shown
in Table 2. The activity associated with this
organ is probably composed of adsorbed as well
as absorbed strontium. The activity of the pods
was increased with time and reached 12% of
the total activity at 60th day after treatment.

The general trend for the distribution of
radioactivities in the plant parts could, therefore,
be described in the decreasing order of leaves>
stems> pods>> roots. This result agreed with
the experiment of Roshdy who investigated the
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Table 3. Dry Weight of Plant Materials After Soil Treatments with *Sr
Time after treatment (day)/total dry weight per plant (g)
Plant organ Treatment*
6 12 8 | 2 | 3 | a2 | 6
Leaves 1 2.97 3.11 2.38 1.43 2.15 2.29 2.54
2 — — — — — 2.80 3.41
Stems 1 2.24 2.48 1.58 1.48 1.50 1.85 2.10
2 — - - - — 2.07 2.77
Roots 1 0.97 0.72 0.53 0. 40 0.33 0.55 0.42
2 — — — — — 0.33 0.60
Pods 1 0.12 0.15 0.15 0.23 1.34 1.18 1.48
2 — — — — — 1.10 1.50
Total 1 6.30 6. 46 4.64 3.54 5.32 8.24 9.51
2 — — — _ — 6.30 8.29

* Treatment 1 was the lot of one-time application just before flowering.
Treatment 2 was the lot of two-times application just before flowering and 30 days after first treatment.

Table 4. Percent Distribution of Radioactivity in the Different Parts of Soybean Plants

After Soil Surface Treatments with %Sr

Time after treatment (day)

ant organ Treatment* i
6 12 18 240 | a0 | a2 | e
Leaves 1 L2 26 20 25 27 |29 52
2 — — — — — 25 33
Stems 1 33 38 47 46 48 i 3 30
2 — — — — — 24 34
Roots 1 43 34 25 18 14 | 10 6
2 — — — — -~ | 25 11
Pods 1 — 2 9 11 12 } 18 12
2 — — — — — | 26 22

* Treatment 1 was the lot of one-time application just before flowering.
Treatment 2 was the lot of two-times application just before flowering and 30 days after first treatment.

absorption of #%Sr by cucumber under greenhouse
conditions. The results obtained can possibly
reflect the importance of physiological activity
of the different organs and those such as roots
and fruits are apparently less important in this
aspect. During the experiment, the activity
levels of leaves decreased gradually towards the
end of the experiment. This could be explained
by the losses associated with the falling of dead
leaves which depended on the time between
spraying and harvesting, and the growing con-
dition.

As already expected from the immobility of

%Sr, there was no translocation of the nuclide
from one plant to another across the soil media.
Also the should be

concerned with the system of the roots. Ther-

absorption of strontium
efore, experiments in pot culture do not neces-
sarily indicate the situation which will occur in

the field.
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