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Abstract

Radio—tracer experiments on the Sr-90 absorption by rice and soybean from a sandy-loam
soil of pH 6.35 treated with 5.2 and 31.2Bq Sr-90 per g—soil were carried out through pot
cultivations. Sr—~90 absorption rates of both crops increased till the mature stage when the

rates were about 1.0%. Concentrations in their whole tops, however, decreased or changed

little as they grew. Sr~90 concentrations in plant parts of both crops increased with the

increase of those in soil. Soil-to—plant transfer coefficients of Sr—90 for rice and soybean at
mature stages ranged, on the dry weight basis, from 0.07(unpolished seed) to 3.67(leaf) and

from 0.86(seed) to 9.26(leaf), respectively. Only the unpolished rice seed showed a significant
difference in the coefficient with 0.17 in 5.2Bq treatment and 0.07 in 31.2Bq treatment. Sr—90
retention rates of the upper 15cm soil after crop harvests were about 80%. Sr—90 absorp-

tions had no effect on the plant growth and yield of the crops.
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1. Introduction

The use of nuclear energy, which has rapidly
increased in Korea for last two decades, inevitably
entails the release of radionuclides into the en-
vironment. Released radionuclides can become in-
ternal radiation sources to the human body after
their intakes by man through food—chains[1-3].
Accordingly, understanding the transport behaviors
of radionuclides in the agricultural ecosystem is
necessary for assessing the environmental impact
of the nuclear facilities and for preparing agricultu-
ral counter-measures against the farm-land con-
tamination with radionuclides.

Strontium—90 with a long half-life of 28 years is
highly produced as one of fission products[4] and
it remains in the root zone in available forms for
many vears after its deposition[5—8]. Moreover,
Sr-90 absorbed by man accumulates in the bone
marrow, so its intake results in a long—term inter-
nal exposure to radiations [9].

For those reasons, numerous studies on the up-
take of Sr—90 from soil by various crops have
been conducted in western countries since early
1950’s when the nuclear energy began to be
widely used. Many of those studies were carried
out by means of the radio—tracer technique for
investigating the soil-to—plant transfer coefficient
which is defined as the ratio of the radionuciide
concentration in plant to that in soil[1-3,10].
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Publications about the Sr—90 absorption by rice or
soybean, however, are few because these crops
are of little importance in western countries.
Pot experiments, therefore, were carried out
with different concentrations of Sr-90 in a specific
type of soil to understand the absorption and
accumulation patterns of Sr-90 by rice and
soybean plants, to investigate soil-to—plant trans-
fer coefficients for various plant parts at different
growth stages and to see the effect of Sr—90 con-
tamination of soil on the plant growth and yield.

2. Materials and Methods

The rice and soybean cultivars used for this
experiment were Dongjin-byeo and Hwangkeum-
—kong, respectively. Plants were grown on the
plastic pot{diameter 25.5cm, height 29.5cm) con-
taining 14kg of an air-dried sandy-loam soil
mixed uniformly with Sr-90(SrCl,, carrier—free,
Amersham) solution. Sr—90 concentrations treated
were two levels of 5.2 and 31.2Bq per gram soil.
Control was also included. Physico—chemical
properties of the soil used are given in Table 1.

Nitrogen, phosphate, potassium and slaked lime
applied as basal fertilizers were 0.55, 0.55, 0.71,
and 7.8g per pot for rice and 0.24, 0.39, 0.71,
and 7.8g per pot for soybean, respectively.

Experimental units of each crop were placed in
the green house built in the KAERI by the com-
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Table 1. Physico~chemical properties of the soil used in the experiment

E.C.(me/100g) Silt | Clay | Sand | Class

(:5) | %) | (%) | ppm) |(me/1009)| K

Ca | Mg | Na | (%) | (%) | (%)

635 | 042 | 0.01 | 440 7.5 0.36

45 1029|014 | 164 | 47 | 789 | SL

O.M. : Organic matter
C.E.C.: Cation exchange capacity
SL : Sandy loam.

pletely—randomized design with 3 replications.
The rice pots were irrigated to about 5¢m in water
depth immediately after the placement.

Five hills(three plants/hill) of rice seedlings were
transplanted to a pot, and 15 soybean seeds were
put into five holes(three seeds/hole) on a pot, on
June 2, 1988. About 0.5cm of soil in depth was
added on the surfaces of the soybean pots to
prevent contaminated soil particles from being
splashed.

Both sidés of the vinyl cover on the frame were
kept open to minimize the temperature difference
between inside and outside of the house. Proper
amount of water was supplied almost everyday
and rice pots were not drained until the yellow-
—ripening stage. 0.39 and 0.17g of nitrogen per
pot for rice were additionally added on July 2 and
27, respectively. Soybean plants were thinned out
at an early growth stage for one plant per hole in
the standing density.

One hill per pot of rice was sampled on July
21{maximum-tillering stage) and August
26(early-ripening stage) and two hills per pot
were done on October 12(mature stage). One
plant per pot of soybean was sampled on July
18(flowering stage} and August 26(early—ripening
stage) and two plants per pot were done on Octo-
ber 10(mature stage). Root parts of the crops

T.N.: Total nitrogen
E.C. : Exchangeable cation

were not taken for the samples.

Fresh plant samples were divided into several
parts such as leaf, stem, seed, and chaff or pod.
Parted plant samples were oven—dried at 80C for
14 hours after sunlight—dried and their dry weights
were measured. About 1kg of soil per pot was
sampled from the top 15cm soil layer after the
third plant sampling and oven—dried at 110C for
14 hours after sunlight—dried.

Dried plant samples were ashed at 450C for 8
hours, then proper amounts of the ash samples
were put into 5 inch planchets and mounted on a
G.M. counter{detector : window 1.5mg-mica/cn,
operating voltage 1100, Aloka) at least 20 days
after the sampling to carry out the radiation detec-
tion in the state of radioactivity equilibrium be-
tween Sr—90 and its daughter Y-90 which the
standard source used for the measurement of de-
tection efficiency existed in. Three samples of 3.2g
dried soil per pot were put into 5-inch planchets
and radiations were detected in the same way as
mentioned above. The average was taken from
the three measurements for the radiatioin count of
the soil. Net counts of all radioactive samples
were obtained by subtracting the counts of corres-
ponding control samples from their total counts.

Soil-to—plant transfer coefficients of Sr—90(Bv)
were calculated with the equation below.

Sr-90 concentration in the plant at each sampling(Bq/g—dry)

B

V™~ "8r-90 concentration in the soil at the last plant sampling(Bq/g—dry).
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3. Results and Discussions

Sr-90 absorption rates investigated at three
different growth stages of rice and soybean are
shown in Table 2. There was not any significant
difference in the rate between 5.2 and 31.2Bq
treatments. The rates of rice and, to a less extent,
soybean got higher and higher till the mature
stage when the rates of rice and soybean were
about 2.5 and 1.5 times, respectively, higher than
those at the maximum-—tillering stage and at the
flowering stage, respectively. Sr—90 absorption
rates of the soybean plant were, on the whole,
3—5times higher than those of the rice plant.

The absorption rates by a rice and soybean
plant at the mature stage were as low as about
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absorption rate of rice ranged from 0.42% to
1.66% in Japanese field condition.

Sr-90 concentrations of rice and soybean at
two different Sr-90 levels in soil were investigated
at three different growth stages as shown in Fig. 1
and Fig. 2, respectively. For both crops, neither
the Sr-90 concentration distribution within the
plant nor the changing pattern of the Sr—90 con-
centration in each part of the plant with growing
time was greatly different between 5.2 and
31.2Bq treatments of soil. Except for the rice chaff
and seed, Sr—-90 concentrations in each part of
both crops in the 31.2Bq treatment were about
5—6 times higher than those in the 5.2Bq tireat-
ment.

Sr-90 concentration in the whole top of the rice

Table 2. Sr~90 absorption rates of rice and soybean® at three growth stages® in two different soil

treatments of Sr-90

Crop Sr—t?é)atce:?inc. 5r-90  absorption rate (%)°
{Bq/g—dry soil) Ist stage 2nd stage 3rd stage

Rice 52 0.05 0.07 0.12
31.2 0.04 0.07 0.10
t—value NS NS NS
Soybean 5.2 0.20 0.24 0.32
312 0.20 0.26 0.31
t—value NS NS NS

NS : Statistically not significant.
a: Root was not included for either crop.
b: Refer to Fig. 1. and 2.

total Sr—90 activity in a plant
€ * total Sr—90 activity added to a pot.

X100

0.1% and 0.3%, respectively. From approxima-
tion with these values, 1.0% can be obtained for
both crops as the Sr—90 absorption rate by all
mature plants under the pot cultivation. In field
conditions, the absorption rate vary greatly de-
pending on the planting density, the degree of the
plant growth, and the concentration distribution in
soil. Yamata et al.[11] reported that the Sr-90

plant went on decreasing from the maximum-til-
lering stage till the early-ripening stage while little
change occurred after this stage. This means that
the increasing rate of the plant weight was higher
than that of the total Sr—90 activity in the palnt.
Sr-90 concentration in the straw(stem+leaf) in-
creased about 50% at the mature stage as com-
pared with that at the early-ripening stage while
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{transplanted on June 2 '88)
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Fig. 1. Changes in Sr-90 concentrations in several
parts of rice with growing time in two diffe-
rent soil treatments of Sr—90.(July 21 : max-
imum-tillering stage, Aug. 26 : early-ripen-
ing stage, Oct. 12 : mature stage)

Sr-90 concentration in the spikelet(chaff+ seed)
decreased greatly because of the rapid accumula-
tion of photosynthetic products in the spikelet for
ripening.(Refer to Table 5.)

Ratios of Sr-90 concentrations in chaff and un-
polished seed in 31.2Bq treatment to those in
5.2Bq treatment were as low as 3.4 and 2.0,
respectively. So, it can be said that the transloca-
tion and accumulation of Sr—90 into the spikelet is
remarkably retarded at its higher concentration.

The order of Sr—90 concentration in each part
of the rice plant was leaf>chaff>stem>un-
polished seed. Kim[8] reported a somewhat diffe-
rent order of leaf>stem >chaff >unpolished seed
in his pot experiment. This difference is thought to
be, as mentioned above with present data, due to
the fact that higher concentrations of Sr-90(37, 74

{sown on June 2 '88)
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Fig. 2. Changes in Sr—90 concentrations in several
parts of soybean with growing time in two
different soil treatments of Sr—90. (July 18 :
flowering stage, Aug. 26 : early-ripening
stage, Oct. 10 : mature stage)

and 148Bq/g—soil) were used in his experiment.
Tensho et al. [12] reported in their pot experiment
that Sr—90 concentration in the straw was much
higher than that in the seed. Coughtrey and
Thome[13] reported by quoting Abbazov et al.
[14] that the ratio of Sr—-90 concentration in the
seed to that in the straw was as low as 0.046.
Sr-90 concentration in the whole top of the
soybean plant went on decreasing from the
flowering stage till the mature stage although the
total Sr—-90 activity in it went on increasing(Table
2). The concentration in the leaf was highest at the
early—ripening stage while it decreased more or
less after this stage. That in the stem got lower
and lower as the plant grew. Between early—r-
ipening stage and mature stage, the concentration
in the pod decreased about to the half and that in
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Table 3. Transfer coefficients of Sr-90 for several parts of rice at two growth stages in two different soil
treatments of S1—90

(transplanted on June 2,’'88)

Sr-90 conc. Transfer coefficient® ]
treated Early—ripening stage Mature stage
(Ba/g—dry soil Leaf | Stem®{ SK |Whole| Leaf | Stem® | Chaff | UR | Whole
52 218 | 037 | 060 | 150 | 358 | 056 | 095 | 0.17 | 1.73
31.2 241 | 042 | 059 | 164 | 367 | 052 | 058 | 0.07 | 166
t-value NS NS NS NS NS NS NS * NS

SK : Spikelet
NS : Statistically not significant.

UR : Unpolished rice seed

* :Statistically significant at p=0.05.

Bq/g—dry plant part at the time of each sampling

Bq/g~dry soil at the last plant sampling.

b : culm+ttiller+ rachis.
the seed kept almost constant because of the
sharp increases in dry matter for the period.(Refer
to Table 6.)

At the flowering stage, leaf and stem showed
almost the same Sr—90 concentration. At the ear-
ly—ripening stage, the order of the Sr—90 concen-
tration in plant parts was leaf>pod>stem >seed
but at the mature stage, it changed into leaf >stem
>pod>seed owing to the rapid accumulation of
photosynthetic products in the pod. Evans and
Dekker[15] reported in their field experiment that
Sr-90 concentration in the straw was 9 times
higher than that in the seed.

Sr-90 concentrations in the leaf, stem, pod, and
seed of soybean were about 2-6, 8-16, 5-7,
and 5—13 times higher than those in the corres-
ponding parts of rice, respectively. It is known to
be a general tendency that the leguminous crop
shows a higher concentration of Sr-90 as com-
pared with other cereal or forage crops[13].

Soil-to—plant transfer coefficients of Sr—90 for
rice(Table 3) ranged from 0.6 of the spikelet to
2.41 of the leaf at the early~ripening stage and
from 0.07 of the unpolished seed to 3.67 of the
leaf at the mature stage. Tsumura et al.[16] re-
ported in their pot experiment that Sr—90 transfer

coefficients for the unpolished rice seed were
0.016—0.025. These values are several times low-
er than those from this experiment. This difference
seems to result mainly from the fact that they used
a clay-loam soil of a higher clay content and
higher cation exchange capacity(14.0me/100g), a
higher application of lime(5-30g/3kg-soil) or
compost(100-300g/3kg-soil) and a higher con-
centration of Sr-90(about 60Bq/g-soil) all of
which can act as factors lowering the Sr-90 trans-
fer coefficient(3,13,17].

The coefficients for soybean{Table 4) ranged
from 0.92 of the seed to 13.42 of the leaf at the
early-ripening stage and ranged from 0.86 of the
seed to 9.26 of the leaf at the mature stage. These
show a little difference from Coughtrey and
Thome{13]’s report that the coefficient was 0.53
for the seed and 4.81 for the straw.

According to Ng et al.[10], soil-to—plant trans-
fer coefficients of Sr—90 for a number of crops
and soils ranged widely from 0.05 to 17.5 on the
dry weight basis. It is, therefore, necessary that the
coefficient should be investigated for various types
of crop and soil.

Only the unpolished rice seed and the soybean
stem at their mature stages showed significantly
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Table 4. Transfer coefficients of S1—90 for several parts of soybean at two growth stages in two different

soil treatments of Sr-90

(sown on June 2, '88)
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Transfer coefficient®
Sr-90 conc.
treated Early-ripening stage { Mature stage
(Ba/g~dry soil) |7t T Stem | Pod | Seed |Whole| Leaf | Stem | Pod | Seed | Whole
52 1228 619 | 769 | 093 | 755 | 926 | 470 | 458 | 0.91 | 4.60
31.2 13421 693 | 887 | 092 | 835 | 809 | 573 | 455 | 0.86 | 4.57
{ t-value l NS NP NS NS NS NS * NS NS NS

NS : Statistically not significant.
* : Statistically significant at p=0.05.

Bqg/g~dry plant part at the time of each sampling

Bq/g—dry soil at the last plant sampling.

different Sr-90 transfer coefficients between Sr-90
concentration treatments. Although the difference
is less meaningful for the latter because of its
inedibility to man, a great regard must be paid to
the difference for the former because of its high
consumption by Koreans.

In the radiation dose assessment, this kind of
difference indicates that the linearity assumption
for the relationship between the radionuclide con-
centration in soil and that in the plant[17] may be
inapplicable to the unpolished rice seed and that
its Sr~90 concentration and resulting radiation
dose may be underestimated if present data are
applied to the normal environmental conditions.
So, an additional experiment using a wider range
of Sr-90 concentration level is required for testing
the applicability of the assumption for the rice
seed in details. Such a significant difference in the
rice seed is thought to have occurred mainly from
the retarded transiocation of absorbed Sr-90 to
the seed at its higher concentration as mentioned
earlier.

The rice and soybean have various uses de-
pending on the plant part and the harvesting time.
Proper value for the Sr-90 transfer coefficient,
therefore, has to be chosen according to their
uses.

Sr-90 retention rates of the upper 15cm soil

were calculated from laboratory data on Sr-90
concentrations in soil samples which were taken
from the upper 15cm soil layer of the pot after
crop harvests. The rates turned out to be about
80% for both crops without any significant differ-
ence between 5.2 and 31.2Bq treatments. This
value is not so different from those reported by
Polyakov et al.[5], Squire[6], and Lee et al.{7].
These facts mean that most Sr-90 still remains in
the active absorption zone after the crop har-
vest.

On the other hand, it seems that the loss of
20% was mainly due to the underground leaching
of the nuclide because the loss by its decay and
plant absorption was estimated to be only a few
percent in this experiment. These losses must be
counted in the long-term environmental assess-
ment to prevent overestimations of the radionuc-
lide concentrations in soil and foods.

Dry weights of several plant parts of rice and
soybean measured for control and two treated
groups at their different growth stages are given in
Table 5 and 6, respectively. No significant differ-
ence in the dry weight between control and tre-
ated groups was observed in any case studied.
This means that Sr—90 absorption has no effect on
the growth of rice and soybean. This result almost
agrees with Kim’s report{8] that $r-90 treatments
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Table 5. Effects of the soil treatment of Sr-90 on dry weights of several parts of rice at three different

growth stages
{transplanted on June 2, ’88)
Sr-90 conc. Dry weight (g/plant)
treated MTS. Early-ripening stage Mature stage
Ba/g—dry soil) ™ O Teaf | Stem® | SK | Whole | Leaf | Stem® | Chaff | UR | Whole
0 274 502 { 178 | 064 | 744 | 473 | 222 | 078 | 293 | 10.66
52 3.02 446 | 207 | 072 | 725 | 451 | 226 | 090 | 3.20 | 10.86
312 314 431 | 199 | 087 | 716 | 420 | 204 | 0.78 | 3.19 | 10.20
F value NS NS NS NS NS NS NS NS NS NS
M.T.S :Maximum-tillering stage SK : Spikelet

UR : Unpolished rice seed
a : culm+tiller+ rachis.

NS : Statistically not significant.

Table 6. Effects of the soil treatment of Sr-90 on dry weights of several parts of soybean at three
different growth stages

(sown on June 2, ’88)

190 conc. Dry weight (g/plant)
treated Flowering stage Early-ripening stage Mature stage
(Ba/g=dry soil) ["[oaf | Stem [Whole| Leaf | Stem | Pod | Seed |Whole| Leaf | Stem | Pod | Seed [Whole
0 178 | 060 | 237 [ 200 | 1.65 | 0.77 | 1.09 | 551 [ 3.05 | 258 | 213 | 417 {11.94
52 195|078 1272|189 | 154 [ 070 | 1.02 | 514 | 297 | 259 | 216 | 3.21 [10.92
312 2421100 [ 341 | 217 {160 | 081 | 1.24 | 582 | 346 | 296 | 256 | 3.61 |12.59
F value NS | NS | NS | NS | NS | NS | NS | NS |NS|NS| NS | NS |NS

NS : Statistically not significant.

applied up to 148Bq/g—soil had no effect on the
rice growth and yield.

4. Conclusions

Sr-90 absorption rates of rice and soybean got
higher and higher till the mature stage. Concentra-
tions in their whole tops, however, decreased or
changed little as they grew.

Absorption rates at the mature stage were esti-
mated to be about 1.0% for both crops although
Sr-90 absorbed by a soybean plant was about
three times more than that absorbed by a rice
plant.

Sr-90 concentrations of rice and soybean in-

creased, in most cases, almost proportionally with
the increase of the Sr—90 concentrations treated in
soil.

For the rice seed, however, Sr—90 accumulation
and soil-to—plant transfer coefficient were signifi-
cantly lowered in the treatment with higher con-
centration of Sr-90, so further studies for obtain-
ing more reliable data applicable to the assess-
ment of Sr—-90 contamination of the rice seed for
a wide range of the concentration in soil are re-
quired.

Sr—90 concentrations and transfer coefficients of
each part of the soybean plant were several times
higher than those of the rice plant. In both crops,
Sr-90 transfer coefficients for the seed were much
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lower than those for the straw.

Sr-90 retention rates of the upper 15cm soil
after crop harvests were about 80%, and most
loss of Sr—90 treated to soil was believed to occur
by the underground leaching.

The absorption of Sr-90 from soil had no effect
on the plant growth and yield of the crops.
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