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ABSTRACT

The time-dependent radioecological model applicable to Korean environment has been de-
veloped in order to assess the radiological consequences following the short-term deposition
of radionuclides in an accident of nuclear power plant. Time-dependent radioactivity con-
centrations in foodstuffs can be estimated by the model called “KORFOOD” as well as
time-dependent and time-integrated ingestion doses. Three kinds of critical radionuclides
and thirteen kinds of foodstuffs were considered in this model. Dynamic variation of ra-
dioactivities were simulated by considering several effects such as deposition, weathering and
washout, resuspension, root uptake, translocation, leaching, senescence, intake and excretion
of soil by animals, intake and excretion of feedstuffs by animals, etc. The input data to the
KORFOOD are the time of the year when the deposition occurs, the kinds of radionuclides
and foodstuffs for estimation. The time-dependent specific activities in rice and the ingestion
doses due to the consumption of all considered foodstuffs were calculated with deposition
time using agricultural data-base in Kori region. In order to validate results of KORFOOD,
the calculated results were compared with those by a leading German model, ECOSYS-87.

The comparison of results shows good agreements within a factor of ten.

Key words : Dynamic ingestion pathways, Specific activity, Deposition time.
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INTRODUCTION

Contamination of agricultural products by ra-
dioactive materials is one mechanism which causes
exposures of the population following the depo-
sition of radioactive materials in environment.
Several studies concerning continuous release
from nuclear power plants and subsequent food
contamination have been reported. Equilibrium
was assﬁmed to be established between the release
rate and the radioactivity concentrations in the
compartments of the environment. Well-known
models utilizing this approach, so called, “concen-
tration factor method”, are HERMES[11, FOOD
11[2] and AIRDOS-EPA[3] based on Regulatory
Guide 1.109 of U.S. Nuclear Regulatory Commi-
ssion[41].

However, the equilibrium model is not suitable
to describe the behavior of radioactive effluents
following accidents of nuclear power plant.
Radioactivity concentrations in foodstuffs and
feedstuffs after an accident are used to vary with
time. Therefore, dynamic models based on the
“system analysis method” have been developed
in order to investigate realistically the transfer of
radionuclides in the food-chain. Dynamic mo-
delling study begun from late 1960’s. TERMODI5]
was considered as a typical basic model to
describe the dynamic transfer of radionuclides
through terrestrial food chains to man. RAG-
TIMEL6], ECOSYS[7], FOOD-MARC(8], RA-
DFOOD[9], PATHWAY[10] and ECOSYS-87
[11] were the similar works which were deve-
loped recently. The principal limitation of these

models to the practical application comes from the

scarcity of time-dependent data and the difficulties
in describing the complex transport mechanisms
of radionuclides in the detailed site -specific en-
vironment.

Korea is considerably different from foreign
countries in socio-environmental aspects such
as food consumption habits, yield and growing
period of plants, soil characteristics, climate, etc.
Therefore, a dynamic food-chain model applicable
to the Korean environment was developed using
site-specific data-base in Korea, where additional
mechanisms and pathways were included with
some modification of previous models. Several
sets of first-order differential equations were
solved by the numerical solutions using GEAR
method[ 12, 13].

TRANSPORT MECHANISMS OF
RADIONUCLIDE IN KORFOOD

The KORFOOD has the following important
characteristics in comparison with previous mo-
dels.

(1) Consideration of direct deposition onto grain
and fruit

(2) Realistic simulation of radionuclide behaviors
in rice field, which has different soil charac-
teristics and agricultural- activities with field

(3) Separate treatment of removal effect by wind
turbulence and washout, and the realistic si-
mulation of radionuclide behaviors by using
seasonal rainfall data

(4) Consideration of time-dependent resuspen-

sion effect
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Deposition

Radionuclides released into atmosphere due to
an accident of nuclear power plant are deposited
onto plant leaves, grain and fruit, and ground
surface. Fractional part of the deposited materials
is intercepted by and retained on plant leaves,
grain and fruit, while the remainder is deposited
directly on the ground. Interception and retention
of fallout are dependent on the physico-chemical
properties of radionuclides, on the surface pro-
perties of plants, and on the amount of ground
surface covered by plants.

The fractions intercepted by plant is given
byl14]

S = 1 — exp(—u Y(O)

Accordingly, the fraction deposited to the soil

surface is

Seat) = 1 — S(®)

Plant growth

The growth of plant was assumed to be a logistic
one with the rate constant dependent on tempe-
rature and light intensity. It was estimated by

the following equation[10].

dY(@) Yias ™ Y
- =Kg FL{#) FT®) YO (——)
t

—AD Cif,

Growing period, maximum yield, and consum-
ption rate in the typical Korean environment were

represented for each food category in table 1[17].

Table 1. Foodstuff groups, selected foodstuffs, growing periods, yields of plants, and
consumption rate considered in the KORFOOD.

Foodstuff Selected Sowing Harvest Maximum Yield Maximum Yield Consumption
Group Foodstuff Time Time of Leaves of Edible Parts Rate
(kg/m®) (kg/m?) [kg/yr]
rice rice 501 9.30 0.88 044 142.29
other grains barley 101 531 0.52 0.26 10.84
legume soybean 501 9.30 0.26 0.13 15.57
leafy vegetable Chinese cabbage 820 1115 0.35 0.35 3392
root vegetable  radish 820 1115 0.25 0.25 25.89
fruit vegetable  cucumber 5,01 731 0.26 0.13 31.37
potatoes potatoes 320 6.30 0.14 0.14 1349
fruit apple 5.01 10.10 1.80 020 953
pasture-grass pasture-grass 501 9.30 0.49 0.49 -
egg egg - - - - 6.29
pork pork - - - - 431
poultry chicken - - - - 1.21
milk milk - - - - 7.98
beef beef - - - - 522
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Senescence

Senescence affects variation of plant yield and
transport of radionuclide from plant leaves to soil
surface. This mechanism is effective in the case
of pasture-grass from early August to the harvest
time. Time derivative of yield for pasture-grass

during period is given by[10]

dye) Yo — YO
— =K, FL@®) FT(®) Y(t) (———— )—AD C; {,
dt Yo

max

- K (YO — Yoo ) e @)

Use of Y,,.* preserves the continuity in Y versus

time. Y,.* may be shown to be

K, 00

Ymax (Kg - Ks)+Ks Ymin

Equations (3) and (4) can not be solved ana-
Iytically; so numerical integration by Runge-Kutta
method was performed to obtain the variation of
yield with time.

Since it is assumed that the radionuclide is

uniformly distributed in the biomass, the rate of

transfer of radionuclide from plant leaves to soil

surface due to the senescence can be expressed
as follows.

Y(t) - Ymin
)\se =Ks (—°—‘—"— ) ...... 6)

Y()

Weathering/Washout
Retained radionuclides are removed from surface
of leaves and grain by weathering effect such as
wind turbulence. The first-order rate constant was
used in order to estimate the weathering effect

by wind turbulence[15].

Rainfall distribution is not uniform with respect
to season in Korea. Accordingly, the consideration
of washout effect for radioactivity removal by
rainfall is important in such weather condition.
The washout rate constant can be represented as

follows[151;
)"wash = Cw ° R(t) ...... (7)

The value of C,, depends on many factors such
as properties of radionuclides, plant species, etc.
In this model, the seasonal rainfall rate in the Kori
region during 1988 was used as shown in Table

2[171.

Table 2. Seasonal average rainfall rate in the
Kori region [mm].

March-May | June-August | Sep.-Nov. Dec.-Feb.

336.5 652.7 298.7 117.1

Resuspension

Radionuclides on the soil surface can be resus-
pended by weathering effect and subsequently
deposited on the surface of plant leaves or grain.
Resuspension factor (RF) with time recommended
by Linsley was used, which was defined as the
ratio of air concentration [Bq/m?] to surface den-
sity [Bq/m®][15].

RF = 10 © (001 ) + 10°° - ®

}\'re = RF.V ...... (9)

Translocation
The transfer rate of radionuclide by translocation

is quantified by the translocation factor, which is
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defined as the fraction of radioactivity deposited
on the plant leaves transferred to the edible parts
of the plant. It is dependent on the radionuclide,
the plant species, and the time span between de-
position and harvest time. For the immobile ra-
dionuclides such as Sr, translocation factors were
assumed to be lower by a factor 0.6 than those
for the mobile elements such as Cs and I[16].
Translocation factor from the plant surface to the
edible parts was estimated with the following

Gaussian function[16].

Tr(5t)= Tr(max) exp{ — b8t —dt(max)] % - (10

Tr(5t)
Ar = ———— e (11)
8t

Leaching
The downward movement of the radionuclides
from the layer of soil surface to deeper soil layer

was treated by assigning a leaching mechanism
(161,
Ry
A= ———————— e 12)
p
8 LA+ - Ky
0

Evaporation rate and relevant parameters in
leaching rate in the typical Korean environment

were given in Table 3 and 4, respectivelyl17].

Adsorption/Desorption

Specific radionuclides are fixed and desorbed
in the root zone of soil. This mechanism was
applicable only to the effective radionuclide such

as Cs in non-labile soil. The first-order rate

-constants were used for adsorption and desorption

{103

Table 3. Monthly evaporation rates in the
typical Korean environment [mm].

Month Rice field Field Pasture-grass
Dec.-Feb. 1741 120.0 120.0
March 60.0 400 40.0
April 65.0 40.0 40.0
May 684 514 522
June 1139 97.2 84.2
July 225.0 156.8 1125
August 286.0 115.0 101.7
September 204.5 99.2 694
October 65.0 40.0 400
November 60.0 40.0 40.0

Table 4. Parameters in leaching rate in the
typical Korean environment.

Parameters | Rice field | Field Pasture land
(Units) 0~1cm|1~15cm

L (cm) 25 25 1 14

6 (ml/cm®) 0.6 0.27 027 | 027

p (g/ecm?) 1.04 118 1.18 1.18

Root uptake

In the root zone, radionuclides are absorbed by
plant roots, depending on soil, plant, and radio-
nuclide properties. The rate of root uptake is
considered to be dependent on the growth rate
of plants, which varies logistically[10].

dY(t)/dt) By,

X P
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Table 5. Values of plant/soil concentration ratio.

Element Rice Barley Bean Cabbage | Radish | Cucum- | Potato- Fruit Pasture-
ber es grass
Cs-137 2.8E-2 5.5E-2 1.8E-1 1.1E-1 4.6E-2 3.1E-2 1.1E-2 2,0E-3 3.0E-2
I1-131 2.0E-2 2.0E-2 2.0E-2 2.0E-2 2.0E-2 2.0E-2 2.0E-2 2.0E-2 2.0E-2
Sr-90 1.7E-1 4.3E-1 9.1E-1 2.0E-0 4.2E-1 16E-1 2.7E-2 2.0E-1 6.5E-1

The values of plant/soil concentration factor were
obtained by the experiments in the typical Korean

environment and represented in Table 5[17].

Pasture-grass intake and excretion by animal

The contamination of meat and animal products
results from the radionuclide intake by the animal.
It was assumed that animals intaked fresh
pasture-grass in grazing season and stored
pasture-grass in non-grazing season. The transfer
rate of radionuclide to meat or animal products
due to intake of pasture-grass was estimated by

the following equation[10].

C; AD
}"ingf = T e 14)
Y(t)
kingfr = A'ingf (Amt + Amk) ...... (15)

The intake of pasture-grass also provides for
radionuclide transfer from pasture-grass to the soil

surface.

Mex = Mingt {1-(Ap + Ao}

Radioactivity concentration on the soil surface
decreases slightly due to the intake of soil by
animals. Only the digested fraction is considered,
since the undigested portion is quickly excreted

to the soil surface[10].

FS AD

}”ings — an
X, Py

)"ingsr = }‘ings (Amt + Amk)

Urinary excretion that transfers radionuclide to

the soil surface results in the biological elimination

Table 6. Digested fractions to meats, milk and eggs. and rate constants for biological elimi-

nation from meats.

Ay Ay Ak Ay
Nuclides
Beef Pork Chicken Beef Pork Chicken Milk Eggs
Cs-137 50X10 '| 50X10 ' | 88X10 % 23X10 '] 41X10 | 18X10 *[ 93X10 ?| 25X10 *?
I-131 50X10 %[ 50X10 2| 3.2X10 3| 39X10°%| 69X10 ?| 41X10 | 1.1X10 ‘| 1.2X10 !
Sr-90 9.9X10 °| 99X10 *| 1.8X10 ?| 93X10 % | L7X10 | 86X10 ' | 18X10 ?| 64X10 °
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of the radioactivity in the meat compartment.

Mgex = Ay e 19)

Table 6 shows fractions digested to meats, milk
and eggs, and rate coustants for biological efimi-

nation from: meats assumed in this model [11].

MATHEMATICAL FORMULATIONS

The transfer kinetics of radionuclides is described
by a set of linear first-order differential equations.
Each equation corresponding to each compartment,
which represents an environment element, des-

cribes the change of the radioactivity concentration

Fo
Are2
Awz Awashz
Awashi N
— £
Sz L St ) 4 -
Ad
Grain 4 Froit  Poe | Leave Surface farrt! Soll Surface  |14>
Surface A Awi
- A B -
G ] Alngs
Ase |
ltrl D
Aerz ! Atet
tr
A y
—> Aad
Edible Parts Aup Root Zone Fixed Soil
H c F
- - e
Ad
ez lu
1 Deep Soil A4
Aingt -
E
)4
A
«——1 Feedstuffs | Foodstuffs M
;l
{C1,7C. {,TCa Cr,TCh
Alngs
Egg= Ad Milk l— Meats —Lfex
—> A > Auex MV
1 J Xlnlt K —>\a
™MV MV MV
Consuped Consumed Consused Consumed
Redionuclide Radionuclide Radionuclide Radionuclide
y DF y DF § DF y DF
Dose Dose Dose Dose

Fig. 1. compartment scheme and transfer mechanisms of radionuclide.
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with time based on the mass balance. The es-
tablished compartment scheme and the transfer
mechanisms of radionuclide are shown in Fig. 1

for the simulation.

Differential equations of the KORFOOD model

The following differential equations and initial
conditions describe the whole behavior of radio-
nuclide through food-chain in labile soil and non-
labile soil. The subscript 1 and 2 represent plant
leaves and grain, respectively.

1) Radioactivity on the surface of plant leaves;

dA Aeer = S
= ==t Anthamtid A+ D: In labile soil
dt Y,
...... (20)
dA Xrgl * S]
T =Rt AT A TAethy) At B
dt Y
Aup
+ C: In non-labile soil
Y
- 1)
Si1+Fo .
With, A(0) =~ (at t=0: initial deposition time)
i

2) Radioactivity in the surface layer of soil;

dB
T EF et A St }\ings + Ad)B
dt

+{O\vwl + A-se + }\-washl)Yl } A+( A-fex Yl XK
with, BO) = Q1 - S;) (Fy)
3) Radioactivity in the root zone of soil;

daC
T = et Ay t At Ag) C+ A BHAg F
dt

with, C(0) = 0

4) Radioactivity in the labile layer of soil;

dD
= '()\-rel Sl + )"reZ SZ+ )‘up+ }\le+ )\d) D
dt

F{wasm1 T A1 )1 } A+ {Quasnz + Aa2)Yal G

...... (24)
with, D(0)={1—(S; + Sy} Fo
5) Radioactivity in the deep layer of soil;
dE
—— =—A4E+ A D ; In labile soil - (25)
dt
dE
—=—k4E+ A\, C; In non-labile soil --*(26)
dt

with, EQ) = 0

6) Radioactivity in the fixed layer of soil:

dF

==yt M) FFALC e @270
dt

with, F(0) = 0

7) Radioactivity on the surface of grain;

dG Are2 * Sz
T ==(Aw2t Awzt Ayasnz t Ag) Gt D
dt Yo
...... (28)
Sz ° Fo
with, G(0) =
Y,

8) Radioactivity in the edible parts(or inner
tissue);
dH Aup

S =—AgH+ D+
dt Y, Yz

A Wy
A+ A2 G; In labile soil
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dH .
T =—AgH+ 7 —C+A,; A; In non-labile soil
dt Y,

...... (30)
with, H(0) = 0
9) Radioactivity in the egg;
1 :(Cf . TCe)Hh exp_()"d ts) ...... (31)
Ay
TC, =
Peg
10) Radioactivity in the milk;
)\'ingfr Yl )‘ingsr
= () (IO ) B e
AD P, AD P,
11) Radioactivity in the meat;
—For beef
dK A ingsr C f
T = (htext Ayex T Ag)KF B+ — Am
dt AD M M
A+ e (33)
with, K(0) = 0
—For chicken and pork
K=(Cf * TCb )Hh exp‘-(}"d ts) """" (34)
Amt
TC,=
A. B M M

Dose Calculation
The committed dose equivalent(H so) due to
ingestion of contaminated foodstuffs within time

TF after deposition is given by

It is assumed in this model that the foodstuffs
produced in contaminated area are consumed by

the residents living within that area.

SAMPLE CALCULATIONS

The sample calculations were performed in order
to evaluate the transfer of radionuclides through
the food-chain for rice after deposition of unit

Becquerel per area. The values of the input

- parameters to the KORFOOD were selected to

represent the site-specific Korean environment as
much as possible and agriculture data-base in the

Kori region were used. Table 7 showed the

1E-013

. 1E02

o 7 (15. July)

4

o

z

3 034 (15 Apeit)

g 1E 03i !

P ] [ e

[%]

® 1 ;

Q

@ 1E-044 (15. October)
TS T B0 1200 1600 ' 2000

Time(Days)

Fig.2. The variation of specific activity of
Cs-137 in rice for each deposition

time.
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Fig.3. The variation of specific activity of
Sr-89 in rice for each deposition time.
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Table 7. Parameters selected for sample calculations.

Symbol Values and Remarks
AD 49%X10 *[m?] for dairy cow and 2.0X10 °[m 2] for beef cow from Reference (10)
b 0.0012 from Reference (7)
Ct 21.0[kg/d] for dairy cow and 10.92[kg/d] for beef cow from Reference (17)
Cy 0.025{mm *] from Reference (15)
DF 1.4X10 "% 1.3X10 ® and 3.5X10 *[Sv/Bq] for Cs-137, 1-131 and Sr-90 from Reference (11),
respectively »
FS 4% of dry feedstuffs from Reference (11)
FT, FL 1.0, 1.0 for conservative calculation
fr 1.0
Ky 1000, 100 and 100[ml/g] for Cs-137, 1-131 and Sr-90 from Reference (11), respectively
K, 0.12[d '] for leaves from Reference (10) and 0.167 [d *] for grain by reverse calculation
K, 0.05[d '] from Reference (10)
M 180, 115, 0.95, and 25{kg] for dairy cow, beef cow, chicken and pork from Reference (10),
respectively
Peg 0.024[kg/day] from Reference (10)
Py 1.04, 1.18 [g/cm?®] for rice field, field from Reference (17), respectively
Pk 13.1{L/day] from Reference (10)
Ps 1.18[g/ecm®] from Reference (17)
R, predicted using 1050[mm/yr] irrigation rate in rice field from Reference (17), and assumed
100, 100 and 80% utilization fraction of rainfall in pasture-grass, field and rice field, respectively
Tr(max) 0.1 for partial edible foodstuffs, 1.0 for total edible foodstuffs and 0.15 for potatoes from
Reference (7)
v 173[m/d] from Reference (10)
Xy 0~1cm from Reference (10)
). 0~25cm for labile soil and 1~25cm for non-labile soil from Reference (11)
Yomin 0.015[kg/m?] from Reference (10)
M 2.74[m%kg] for leaves from Reference (14) and 0.125[m7kg] for grain by reverse calculation
Aad 1.9X10 *[d*] from Reference (10)
A 6.31X10 "3 8.66X10 "%and 6.66X10 "°[d*] for Cs-137, I-131 and Sr-90 respectively
A de 2.1X10 *[d*] from Refernece (10)
Aw 3.01X10 "*[d'] from Reference (10)
selected parameters for sample calculations. which used to contribute significantly to the
The middles of January, April, July and October ingestion doses in the case of a nuclear accident.
were selected as the deposition times of typical Fig’s 2 and 3 show the variations of specific
winter, spring, summer and autumn, respectively. activities of Cs-137 and Sr-90 in rice for each

Selected radionuclides were Cs-137 and Sr-90 deposition time, respectively. In the case of Cs-
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137 deposition, the variation of radioactivity con-
centration was very pronounced with deposition
time during the first year after deposition. It was
because the direct deposition onto plant leaves or
grain resulted in an important contamination due
to high translocation in the case of Cs-137. In
the case of Sr-90 deposition, the variation of ra-
dioactivity concentration with deposition time was
smaller than that of Cs-137 with deposition time
due to low translocation and more effective root
uptake.

Fig. 4 shows effective ingestion dose for adult
by the consumption of considered foodstuffs during
the first year after deposition. In the cases of
Cs-137 and 1-131, ingestion doses were shown as
the distinct seasonal variation with time. In the
case of 1-131, the timespan between deposition
time and harvest was a dominant factor due to
short half-life.

The simulation results were compared with those

by the German model, ECOSYS-87 for rice and

1E-08;

1E-074

1E-084

H131

Ingestion dose over 1 year {sv]

1et0y S0 100 150 200 250 300 350
Deposition time

Fig.4 The effective ingestion dose for aduit
by consumption of aill considered
foodstuffs during the first year after
deposition with deposition time.
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Fig.5 The specific activities of Cs-137 in rice
and leafy vegetable calculated toge-
ther with this model and ECOSYS-87
in the case of deposition in summer.
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Fig.6 The specific activities of Cs-137 in rice
and leafy vegetable caiculated toge-
ther with this model and ECOSYS-87
in the case of deposition in winter.

leafy vegetable. Fig's 5 and 6 show specific
activities of Cs-137 in rice and leafy vegetable
(Chinese cabbage in KORFOOD) calculated toge-
ther with this model and ECOSYS-87 in the cases
of deposition in summer and winter, respectively.
The comparison of results showed good agree-

ments within a factor of ten in the case of specific
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activities. Meanwhile, it should be noted again
that analytic methods were different between two
models in such fields as model algorithm, treat-
ment of transfer processes and site-specific data.
And additional pathways were considered diffe-
rently in this study with the ECOSYS-87 such as
deposition on grain surface. For the additional
validation of KORFOOD, food processing factor
and plant/soil concentration factor considered in
the ECOSYS-87 were used without modifications
to this model in the case of rice. The calculated
results were 1.5 and 2 times as high as those by
the ECOSYS-87. Chinese cabbage was selected
in this study as a typical leafy vegetable in Korea.
The plants/soil conce'ntration factor for leafy ve-
getable used in ECOSYS-87 were inputted to this
model. The calculated results were 1.3 times as
high as those by the ECOSYS-87.

CONCLUSIONS

Since the ingestion doses are very important
in the case of long-term exposures, it is necessary
that the dynamic behavior of radionuclides re-
leased in an accident of nuclear power plant should
be analyzed following the site-specific environ-
ment. In this study, a dynamic model of ingestion
pathway was developed in order to consider se-
veral Korean characteristics in socio-environment,
agricultural practices, and food consumption be-
havior, etc.

In order to validate this model, numerical com-
parisons were done with the German model, called
ECOSYS-87. The differences of specific activities
of Cs-137 calculated by both models with depo-

sition time were within a factor of ten for the
major foodstuffs such as rice and Chinese
cabbage. This dynamic radiological model des-
cribing Korean environment can provide a tool for
a comprehensive ingestion dose assessment due

to an accidental release of radionuclides.

Nomenclature

A . radioactivity on the surface of plant leaves,
Bq/kg

AD : grazing animal density, animal heads/m*

Ay : radioactivity of A as feedstuff at harvest,
Bq/kg

A, : transferred fraction of intaken radionuclide
to egg

A : trancferred fraction of intaken radionuclide
to meat

A : transferred fraction of intaken radionuclide
to milk

B : radioactivity in the surface layer of soil,
Bg/m?

b : parameter characterizing the slope of curve

B, : plant/soil concentration ratio

C : radioactivity in the root zone of soil, Bq/m?

CF : radioactivity concentration in foodstuffs,
Ba/kg

Ct : daily intake rate of feedstuffs by animal,
kg/day

Cw : coefficient, mm '’

=)

: radioactivity in the labile layer of soil, Bq/m?
DF : dose conversion factor, Sv/Bq

: radioactivity in the deep layer of soil, Bq/m?
F : radioactivity in the fixed layer of soil, Bq/m?

FL : growth-rate modifier for light
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FT
FS
fr

prRER®T T

g ©

TCb M

TCan:

: resuspension factor, m

: growth-rate modifier for temperature
: soil ingestion rate, kg/day-animal

: fraction of intake rate contributed by field

grazing

: initial surface radioactivity of fallout, Bq/m?
: radioactivity on the surface of grain, Bq/kg
: radioactivity in the edible parts, Bq/kg

: radioactivity of H as feedstuff at harvest,

Bq/kg

: radioactivity in the egg, Bg/kg

: radioactivity in the milk, Bq/L

: radioactivity in the meats, Bq/kg

: distribution coefficient, mL/g

: growth-rate constant, day '

: senescence-rate constant, day !

: soil depth, cm

: mass of meat per an animal head, kg
: consumption rate, kg/day

: bulk density of soil surface, kg/m®
: egg production rate, kg/day

: milk production rate, L/day

: bulk density of soil, kg/m?

: rainfall rate, mm/hr

1

: percolation velocity of water, cm/yr
: interception factor for plant

: fraction allocated to the soil surface
: elapsed time after deposition, day

: translocation factor

: transfer coefficient of radionuclide to the

egg, day/kg

transfer coefficient of radionuclide to the
meat, day/kg

transfer coefficient of radionuclide to the

milk, day/L

ts : storage period of feedstuffs, day

V  : deposition velocity, m/day

X, :depth of root zone, m

XL :depth of surface layer of soil subject to
intake, m

Y :yield, dry-kg/m?®

Yoax : maximum potential yield, dry-kg/m?

Yiax*:adjusted maximum yield, dry-kg/m?

Ymin : minimum yield in winter, dry-kg/m?®

u  : coefficient, m7kg

9  :ratio of water content in soil, mL/cm?®-soil

p :soil density, g/cm>-soil

8t : time before the harvest, day

St(max) :time before the harvest when the tran-

Aad
Ay
Ad
A de
A fex

Aingf

slocation factor is maximum, day
: adsorption rate, day '
: biological elimination rate, day '
: decay constant, day '

: desorption rate, day '
: fecal excretion rate, day !

: intake rate of feedstuff by animal, day

A ingr: transfer rate of radionuclide into meat or

products by intaking feedstuffs of by animal,

1

day

Aings: soil intake rate, day '

M ingsr® transfer rate of radionuclide into meat or

Ae
Are
Ase
A
A uex
Aup
A

products by soil intake, day '
: leaching rate, day '
: resuspension rate, day '
: senescence rate, day '
: translocation rate day !
: urinary excretion rate, day '
1

: root uptake rate, day

: removal rate by wind turbulence, day '

A wash: washout rate, day '
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Subscript
i :kinds of foodstuff
j : kinds of radionuclide
m : number of radionuclides
n : number of foodstuffs
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Arze FFHE PAEEL &, FFANA, WrstnAste d4F R SHEY TR
L7E 2YA Y FHEARE AHEEH Aol dis] Aol B E upA T RS B EHE
RE SHE9 AFo gE AFe] AHAR g ARHAG. 2ddge] B4 5L
3 o] EokolA ojn] FARL gl FYEY ECOSYS-87¢9] B3} vmatgct nland s,
KORFOOD$] ol &7} ECOSYS-872] <& 3te] 108 F ol 2l £ AAE HAFAUT.

FAo  FHAANABE, AT E, FHAA



