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ABSTRACT

A Korean radioecology model to simulate radionuclide behavior in agricultural ecosystems has been
developed as a module for evaluating the ingestion dose in a Korean real-time dose assessment system
FADAS, which evaluates the comprehensive radiological consequences in an acc'dental release of
radionuclides to the environment. Using the predictive results of a Korean radioecology model, a
methodology for the optimization of countermeasures has been designed based on a cost-benefit
analysis. In this manuscript a Korean radloccology model including agricultural countermeasures was
introduced, and discussed with the sample calculations for the postulated accidental release of
radionuclides to the environment.
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1. INTRODUCTION

Radioactive materials released into the environment during a nuclear accident can lead to the wide
spread contamination of agricultural ecosystems. The accident at Chernobyl in 1986 showed that
agricultural contamination can be affected hundreds and even thousands of kilometers from the

accident site. Mathematical models that simulate the transfer of radionuclides in agricultural
ecosystems have been developed for various purposes. In such models, the behavior of radionuclides

is described by transfers between compartments which represent different parts of agricultural

ecosystems. Equilibrium models, which describe steady-state radioactivity in compartments resulting

from routine releases of radionuclides into the environment, are not appropriate in cases of accidental
releases. In these cases, the transfer of radionuclides between compartments has to be considered

dynamically since radioactivity in compartments does not reach steady-state in a short time for long-

lived radionuclides. We developed a Korean radioecology model[I]to simulate dynamically
radionuclide behavior in agricultural ecosystems (hereafter we call dynamic model) as a module for

evaluating the ingestion dose in a Korean real-time dose assessment FADAS[2], which is a system for

evaluating the comprehensive radiological consequences in an accidental release of radionuclides to

the environment. In an eaher version of the dynamic model, an initial input parameter for the time-

dependent radionuclide concentrations in agricultural products was radionuclide concentrations on the

ground when deposition has occurred. Radioactive contamination in agricultural products may be

evaluated from radioactive air concentrations as well as radionuclide concentrations on the ground,

both of which are measurable quantities in the environment. Recently, the dynamic model has been

improved so as to evaluate the radioactive contamination of agricultural products from both
measurable quantities by taking into account the wet processes. To mitigate radiological consequences

to the public, the competent authorities responsible for radiation protection should be prepared to

intervene with systematic methods based on radiation protection[3]. An action is justified only when

the benefit exceeds the harm resulting from its implementation. The purpose of an optimization

analysis is to aid the responsible decision-makers in determining the form, scale, and duration of the
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action or a combination of actions, so that a maximum net benefit can be expected. A methodology for
optimization of agricultural countermeasures using predicted results of the dynamic model are
designed based on a cost-benefit analysis[3].

In this manuscript, a Korean dynamic model considering feasible countermeasures is introduced,
and discussed with sample calculations for postulated accidental releases of radionuclides to the
environment.

2. MATERIAL AND METHODS

2.1 General Description of a Korean Radloccology Model

Radionuclides can reach humans from many potential exposure pathways in the environment.
The movement of radionuclides along a particular pathway can be envisioned as proceeding through a
series of pathway steps. Each step or compartment of a pathway represents some physical entity or
process by which radionuclides are received from a donor compartment. A Korean dynamic model is
based on such a compartmental approach, which dscribes radionuclide movements between
compartments by ordinary differential equations as follows

dQ n N

=I A, j - Q Y AJ, i = , 2,. - , N
dt j-i j=1,

where
Q1 radionuclide concentration in compartment i (Bq in-' or Bq kg-')

N: number of compartments
All transfer rate constant from compartment i to compartment

Inputs to the model are either the time-integrated radioactive concentration in air (Bq s m-3) or the
cumulative radioactive concentration on the ground (Bq in-'), and the precipitation rate (mm hr-') and
its duration. The transfer processes of radionuclides between different compartments considered in the
model are as follows deposition of radionuclides, interception to agricultural plants, translocation
from leaves surface into edible parts, root uptake from soil into edible parts, reaching into deeper soil
layer, adsorption and desorption in soil, removal by weathering, dilution as the growth of agricultural
plants, resuspension, feedstuff ingestion and excretion of animals. The model considers three critical
radionuclides ("'Cs, 'OSr, 1311) in an accident of nuclear power plants. Nine plant species nce, other
grains, legumes, leafy vegetables, root vegetables, fruit-type vegetables, potatoes, fruits, pasture) and
five animal products (milk, beef, eggs, poultry, pork) are considered. A number of site-specific
parameter values are representative of Korean agricultural and environmental conditions, and are
dependent on radionuclides and plant species. The detailed mathematical formulations and relevant
parameter values have been described in a reference [I].

2.2 Optimization of Agricultural Countermeasures

In the event of a nuclear accident, decision-aiding techniques are used to assist justifying the
actions to be taken and optimizing the protection. The oldest and perherps the most straight-forward
tool of decision analysis in radiation protection is the simple cost-benefit analysis, in which the net
benefit, AB, is quantified only in terms of avertable doses and monetary costs needed to implement
the countermeasures. The 'ustifiable and optimal duration day) of countermeasures can be
determined as follows[3 :

justification AB(r > (2)
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optimization 0 (3)
dr

A variety of countermeasures can be selected for mitigating radiological consequences. Some
countermeasures are w idely applicable to all countries, whereas others are not. In the case of animal
products, a ban on human consumption for a specific period is simple and easy to carry out, but it may
be an extreme countermeasure in view of cost. In most cases, the substitution of contaminated fodder
with uncontaminated one for animals may be more cost effective than a ban on human consumption,
because the cost of fodder is far cheaper than that of the banned animal products.

Based on dose resulting from the consumption of milk produced from one diary cow over one year
after a deposition event, the net benefit from the substitution of clean fodder (AB, and from a ban on

mllk consumption ABb ) can be designed as:

AB, ( = a q(r) H - Vf bf (4)

A.Bb ( = a (r) H - P b (5)

where
a monetary cost of unit collective dose (I 0,000 US (man Sv)-')
q: effectivess of countermeasure

H *: integrated dose resulting from the consumption of milk produced from one dairy cow over0
one year without any action (Sv animal-)

lyr

H = P e(50) f C(t)dt (6)0
0

Vf intake rate of replaceable clean fodder (=IO dry-kg (animal d)-')

bf cost of clean fodder (O. 2 US dry-kg- 1)

b cost of milk (=I US L-)
P: production rate of milk =10 L (animal d)-')
e(50): committed effective dose per unit intake (Sv Bq-')

Qt): time-dependent radionuclide concentration in milk (Bq L-)

The effectiveness of countermeasure, i, is defined as the ratio of the avertable dose to the

projected dose. The values of i, Ho and CQ) can be obtained from the predicted results of the

dynamic model depending on a variety of factors such as the starting time and the duration of
countermeasure.

3. RESULTS AND DISCUSSION

Fig. I shows 117CS concentrations in rice growing period I't May - 31h Sep.) and grains (growin
period of barley - I't Jan. - 3 I't May) at harvest, and in milk (growing period of pasture I't May - 30
Sep.) predicted from the dynamic model. It is assumed that the date of deposition is the 15 th Ag.

(227'h day in Julian day) when a number of agricultural plants are fully developed in Korean
agricultural conditions. It is shown that the difference of radionuclide concentrations in foodstuffs is
strongly dependent on the growth characteristic of agricultural plants when deposition has occurred.
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Fig. 1. Radionuclide concentrations in foodstuffs following deposition on the 15 1h August.

Fig. 2 shows radionuclide concentrations on the ground and in rice at harvest as a function of
precipitation rate during an accidental release. It is assumed that the date of deposition is the 15"
August, the 131C s and Sr concentrations in air are lBq in-' for each radionuclide, and the release and
precipitation are sustained for 24 hours. These results underline that the precipitation is an important
factor in agricultural contamination. It is shown that 137CS is more sensitive than 9Sr in the
contamination of rice due to precipitation.

Fig. 3 shows the net benefit for milk as a function of the duration of the selected counten-neasures It
is assumed that the date of deposition is the 15"' jUly, 117CS concentration on the ground is 50 kBq M-2,

and the actions are implemented with the delay time of days following the deposition. It is shown
that the substitution is a more effective countermeasure than banning for both radionuclides. For 137cS

and 9Sr depositions, the substituting durations for the maximum net benefit are approximately 25 days
and 40 days, respectively.
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Fig. 2 Radionuclide concentrations on the ground and in rice at harvest as a function of precipitation
rate.

4. CONCLUSIONS

A Korean radloccology model to simulate radionuclide behavior in agricultural ecosystems has been
developed as a module for evaluating the ingestion dose in a Korean real-time dose assessment system
FADAS, which evaluates the comprehensive radiological consequences in an accidental rlease of
radionuclides to the environment. Using the predictive results of a Korean radiciecology model, a
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Fig. 3 Net benefit of the selected countermeasures for milk

methodology for the optimization of countermeasures has been designed based on a cost-benefit
analysis.

A Korean radioecology model considering countermeasures will be improved with the sustaining
field experiments for the reliability of the predictive results. The efforts for finding agricultural
countermeasures, which are feasible and cost-effectiveness, will also be sustained.

ACKNOWLEDGEMENTS

This work has been carried out under the Nuclear R & D Program by the Ministry of Science and
Technology (MOST), Korea. And the authors wish to acknowledge the support ftom 1TRS at Hanyang
University.

REFERENCES

1. Hwang, W. T., Cho G. S. and Han M. H., Development of a Dynamic Food Chain Model
DYNACON and Its Application to Korean Agricultural Conditions, Journal ofNuclear Science and
Technology 35(6), 454-461 1998).

2. Han, M. H. et al., Development of Environmental Radiation Protection Technology - Development
of Radiological Emergency Preparedness and Biological Dosimetry Technology. Korea Atomic
Energy Research Institute, KAERI Report, KAERURR-1913/98, Korea 1998).

3. ICRP, Optimization and Decision-Making in Radiological Protection, ICRP Publication 55 1989).

- ill 


