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ABSTRACT

Experiments in a greenhouse have been conducted to evaluate the effects of radionuclides on various

plants. Transfer factors, translocation factors, and other parameters have been measured particularly

for major foodstuffs, such as rice and vegetables. A computer code was established to assess the

environment in case of acute radionuclide release by accident. Verification and sensitivity analysis

have been carried out for the integrity of this code.
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1. Introduction

The radioecology has been one of the major subjects on which KAERI has concentrated much effort.

In the past, however, the experiments related to the radioecology were basic, and the models were

reviewed conceptually. In the early nineties, after the completion of the greenhouse license for

radioactive tracer use, KAERI scheduled a new program with respect to radioecology. It included

experiments to set up a database of the parameters for overall edible plants and relevant model

development.

Experiments for measuring transfer factors from soil to plant were exclusively conducted.

Radioactive tracers were sprayed onto the soil, avoiding direct contact with the plants in order to

measure the transfer factor affected only by root uptake. The tracers used in the experiments were

mixturesofMn-54,Co-60,Sr-85,andCs-137. TheobjectplantswereChinesecabbage,radish,rice,

soybean, potato, red pepper, and cucumber. Tritium and Iodine were also tested for Chinese cabbage

and rice.

The computer code, KFOOD, was developed for steady state ingestion dose calculation. The

parameters obtained by experiments were applied to assess the steady state dose.

From the late 90s to the early 2000s, another experimental approach has been conducted. A glove

box was used to simulate interception or translocation for tritium or iodine. The radioisotope was

sprayed into the glove box. The soil in the pot was covered by paper to protect the radioisotope from

contacting the soil in the pot. The isotope concentration in the plant after harvest was measured to

yield the translocation factor. For the rice, the mixed radiotracer was also sprayed at scheduled times.

The experimental results elaborated the effect when the exposure was made.

A dynamic compartment model, ECOREA-11, was coded for the assessment of the acute release from
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nuclear facilities to the environment. This is for assessing contingent release from power plants.

The sensitivity analysis and uncertainty analysis have been conducted. The model comparison was

carried out to verify the model calculation.

2. Methods

2.1 Model development

Dynamic models have been developed for assessing the impacts of the radionuclides released by acute

fallout event to agricultural food products elsewhere[1,2]. The models generally contain several

compartments describing parts of the soil and plants, and the relations between the compartments

considering the radionuclides transport. Similarly KAERI has developed the dynamic compartment

model. It comprises of six compartments:plant surface, surface soil, inner tissue, root zone soil, fixed

soil, and deep soil. The schematic view of compartments and the relations between the

compartments is shown in Fig. 
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Fig. 1. Structure of the dynamic compartment model and related governing equations

In the governing equations, the symbols denote the biomass. The growth rate expressed by Bs is

characterized by the s-shaped function with x-axis being the cultivation time. The six first order

differential equations are calculated by the fourth order Runge-Kutta method.

2.2 Experiments

KAERI experiments have been carried out in a greenhouse. Rice, Chinese cabbage, radish, soybean,

and potato are treated with mixed gamma radionuclides. Then they are farmed as usual. In the

beginning, the radionuclides were exposed to the surface soil to investigate the root uptake effects.

Then the radionuclides were sprayed onto the plant leaves to find out the translocation effects in

separated experiments. After the harvest, parts of the plants are separated and measured in

radloactivities, giving transfer factors or translocation factors. As the rice is the major plant for
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Korean foodstuffs, the soil of the rice plant from different areas of the nuclear power plants was

sampled and tested by radionuclides. The radionuclide exposure to rice cultivated in different soils

was to discover the effect of the soil properties upon the transfer factors. The rice had been planted in

the same pot for years in order to investigate the dependency of transfer factors on time.

Particularly the tritium and the iodine are handled in a glove box to avoid direct contact of

radionuclides in the air with the workers. The glove box 1.2m wide Im long 1.5m high has two pairs

of gloves for handling the materials inside the box. Air in the glove box was sampled periodically to

measure the concentration change of radionuclides in the glove box. Three small fans are used for

the concentration in air to be homogeneous. For the tritium, the HTO solution was evaporated in the

glove box. The external gas generation rig was used for the iodine supply.

3. Results and Discussion

3.1 Code verification

The established computer code, ECOREA-11, needs verification to confirm correct coding of given

governing equations and solutions. The comparison of calculated results by ECOREA-11 and a

commercially available code, AMBER, was carried out. For the comparison, a case was assumed as

follows. The iodine was released from Kori nuclear power plants on May 3 h . The deposited

concentration at rice plant was I Bq/m 2 The parameters for rice growth function were given. The

comparisons are shown in Fig. 2.
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Fig. 2 Comparison of calculation results of ECOREA-11 and AMBER

As shown in Fig. 2 the results were in good agreement, which implies completion of verfication.

3.2 Sensitivity analysis

ECOREA-11 needs proper parameter values to simulate the case. The sensitivity of parameters was

investigated in order to find how much the uncertainty of measured parameter values affects the model

calculation. The considered parameters are:weathering constant, interception coefficient, deposition

velocity, percolation constant. The weathering constant and the percolation constant affect the

concentration on the leaves much higher than the other parameters. The results for the two
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parameters are shown in Fig. 3.
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Fig. 3 Sensitivity analysis with respect to weathering constant and percolation constant

3.3 Validation

The experimental results from the greenhouse have been used to validate the ECOREA-11. For

example, the computer code calculated first year radioactivity in the edible part of rice that is

cultivated in the soil contaminated by mixed gamma radionuclides. Then computer code calculated

again the second year radioactivity of rice that is re-planted in the same soil after harvest. The

comparison between the calculation and experimental results covered the validation of the code. The

experimental results showed the obvious decrease of transfer factor for Sr-90 in soil to rice, whereas,

there was no relationship of transfer factor with time for Cs-137 in soil to rice.

3.4 Mixed gamma radionuclides exposure

Various plants have been tested to evaluate the transfer factors or translocation factors for different

radionuclides since 1991 in the greenhouse[3,4]. By arranging lots of experimental results, te

representative data was chosen. The values for soil-to-plant transfer factors of Mn-54, Co-60, Zn-65,

Cs-137 are summarized in Table ][3].

Table 1. The values for soil-to-plant transfer coefficients for various radionuclides

crop Edible part Transfer coefficient(Bq-g plantfBq-g dry soil)

Mn-54 Co-60 Zn-65 Cs-137

rice seed 2.4e I 3.6e-3 1.4e+O 3.8e-2

soybean seed 4. e I 1.2e-I 5.3e+O 2.3e-I

carrot root 1.8e-I 2. 1 e-2 1.2e+O 2.3e-2

lettuce leaf 5.5e-I 2. 1 e-2 1.2e+O 4.6e-2

squash fruit 4.6e-2 9.4e-3 3.6e I 3.le-2
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The behavior of transfer factors with time was also investigated. The results of transfer factors

tendency for Sr-90 and Cs-137 are shown in Fig. 4.
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Fig. 4 Yearly measured transfer factors for hulled seed and straw of rice

3.5 Tritium Exposure

The tritium has been treated to evaluate the tissue free water tritium(TFWT) and organically bound

tritium(OBT) in Chinese cabbage, rice, and soybean. Typical specific activity ratio in rice is shown

in Table 25].

Table 2 Specific activity ratio in rice plant xperiments

Exposure time(hr) TFWT(Bq/ml) OBT(Bq/ml) Ratio(OBT/TFWT)

1.0 134000 770 0.0057

1.5 76200 785 0.0103

2.0 32800 970 0.0296

4.0 3400 678 0.1944

6.0 1200 550 0.4583

25 790 330 0.4177

97 630 157 0.2492

Fig. also shows the TFWT concentration in soybean seed depending on the exposure time.

4. Conclusions

The experiments have been carried out to evaluate the soil-to-plant transfer factors or translocation

factors. Various radionuclides were applied to rice and vegetables. The representative parameter

values were obtained, giving valuable input data for model calculation. The dynamic model has been

developed to evaluate the impact of accidental release of radionuclide on the ecological environment.

To confirm the code integrity, verification was carried out by comparison of the developed code and

the AMBER code that is in commercial use. Sensitivity analysis was also conducted to comprehend
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the effect of parameter uncertainty on the computed results. Validation is being carried out by

comparison of experimental work with computed results. Further international cooperation programs

of the code comparison will be conducted for the validation.
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Fig. 5 TFWT concentrations in seeds at the end of exposure and at harvest relative to mean HTO

concentration in air moisture during each-time exposure(sown on May 22, harvested on

Oct. 5).
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