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Abstract - The Reg. Guide 1.109 model was reviewed against its applicability to calculating
radionuclide concentrations in agricultural products for operating nuclear facilities and an
improved method was proposed. The model was so modified that the radionuclides deposited
since the start of operation could be considered in assessing the root uptake. Translocation
factors were introduced in the equation for calculating the concentrations in edible parts due
to direct plant deposition. Values specific to Korea were set up for the input parameters of
the modified model. The concentrations of “Mn, ®Co, ®Sr and ¥'Cs in rice seeds, Chinese
cabbage and radish root were calculated for various hypothetical deposition histories using
the Reg. Guide 1.103 model and the modified model with parameter values in the guide and
those specific to Korea put in alternately. Through comparisons among the results, it could
be expected that the use of the modified model with the input of parameter values specific
to Korea would result in a more resonable and realistic assessment.

Key words : agricultural product, radionuclide concentration, Reg. Guide 1.109 model, input
parameter, improvement, operating nuclear facilities
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Table 1. Values of the parameters appearing both in the Reg. Guide 1.109 model and in the modified model.

Parameter value
Parameter Notation Unit
Reg. Guide STK
Interception factor r ~ 02 0.4
Weathering loss constant Ay d! 0.0495 0.0495
Exposure time T. d 60 Table 2
Crop yield Y, kg m >-wet 20 Table 2
Transfer factor . " By - Table 3 Table 3
Effective soil surface density - P kg m’-wet 240 180

STK : Specific to Korea.
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Table 2. Values for the exposure time (7.) and crop yield (Y,) specific to Korea.

Parameter values
Plant type
Te (d) Y, (kg m? *
Rice seeds 140 05
Chinese cabbage 90 8.0
Radish root ] 5.0

® Dry weight for rice seeds and wet weight for the others.

Table 3. Soil-to-plant transfer factors given in the Reg. Guide 1.109 and those specific to Korea.

Transfer factor (By)
Plant type Element Domestically produced
Reg. Guide
Lee[8] Choi[26,27] STK
Rice seeds Mn 29x1072 2.4x10™ 22x10™ 24x107 ©
Co 9.4x10°° 39x107 29x10°° 39x103 ©
Sr 17107 1.2x107 3.1x107 76x107% ¢
Cs 1.0x107 2.8x107 1.1x10°2 2.8x10% ©
Chinese Mn 29x10°? 1.9x10™ 2.2x10™ 21x107 ¢
cabbage Co 9.4x10° 1710 1.7x107 17102 ¢
Sr 1.7x10° 2.0x10° 15x10° 1.8x10° ¢
Cs 1.0x107 1.1x10™ 23x10°° 6.7x10% ¢
Radish root Mn 2.9x10 2.8x10°" 5.4x10” 41x107% ¢
Co 9.4x10°° 8.8x10° 65%x107 77x107 ¢
Sr 1.7x107 42x10™ 3.8x10™ 40x10" ¢
Cs 10x1072 4.7x10°" 1.7x10° 24x107%

STK : Specific to Korea

® on the basis of dry-weight concentration for rice seeds and wet-weight concentration for Chinese cabbage

and radish root

mean of the two measurements resulting from two different soil concentrations in single soil instead of
the higher value of the two, that is, 1.7x10”", which was chosen by Lee et al.[8].

¢ directly from the proposal made by Lee et al.[8], which was based on the experiment with various soils.

d . . . . . .
means of the values in the 2 preceding columns, both of which were based on the experiment with single

soils.
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Table 4. Leaching loss constants of elements for two different types of the field.

Leaching loss constant (4, d”')
Element
Paddy field Upper-land field
Mn _ ~ 251x10° 167x10°
Co 251x107° 1.67x107°
Sr 501x107° 3.34x10°®
Cs 502x107 3.35%10°®
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Table 5. Translocation factors of elements for rice seeds and radish root

Translocation factor (Ly) °
Element
Rice seeds Radish root
Mn 1.6x107 (6.9x107*~3.8x10%) 75x10° (6.0x10°~1.7x107%)
Co 1.2x107 (3.6x107°~1.6x107) 38x107 (1.2x1071~4.7x10"™)
Sr 2.3x107? (5.8x10~3.2x10) 12x107 (5.4x107°~2.2x109)
Cs 1.7x107 (3.2x10°2~2.0x10™") 26x107 (14x10™~3.1x107™)

? Values in front of parentheses are determined to be specific to Korea, which are the second highest ones
of the measurements for 5~6 different times of the radioactive application which gave the ranges in

parentheses.

Table 6. Annual absorption loss factor (4;), annual Biv-reducing factor (R) and processing factor (/)

Element Crop type Ay ® R"® F¢

Mn Rice seeds 0.025 - 05
Sr Chinese cabbage- 0.04 - -
Sr Radish root 0.025 - -
Cs All - 02 °¢ -
Al Rice seeds - - 0.5

® A;, and R; are zeros in the cases where values are not given.

€ 0.2 only for 4 successive years following the year of deposition

1.0 was used for the other crop types.

Table 7. Parameter values for determining the leaching loss constant (&)

Parameter Notation Value
Water-percolating velocity Vo 0.3 cm d”
Ploughing depth D 15 cm
Distribution coefficient Ka Table 8
Soil bulk density G 12 g cm?
Soil water content w 03 or 02 ml cm™?®

# 0.3 for paddy field and 0.2 for upland field.
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Table 8. Distribution coefficients of elements from different sources and those specific to Korea.

Distribution coefficient (Kq, ml g™
Element N
ECOSYS-87 Hoffman[15] * Baes HI[29} STK
Mn 70 - 65 200
Co - - 47 200
Sr 100 81 3 100
Cs 1000 370 1000 1000

STK : Specific to Korea
b geometric means of a number of reported values.
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Fig. 1. Radionuclide concentrations due to root uptake
calculated in 4 different methods for the deposition
history of 5-A ( 1 Bg m?2 d”' for 5 years).
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Fig. 2. Radionuclide concentrations due to root uptake
calculated in 4 different methods for the deposition
history of 5-B ( 0.5 Bq m? d™' for the first 4 years and
1 8g m? d” for the last 1 year).
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Table 9. Ratios of radionuclide concentrations calculated using the Reg. Guide 1.109 model (R-K) and the
modified mode! with the parameter values for Koreans (M-K) to those calculated using the Reg. Guide 1.109

model with the parameter values in the guide (R-R).

Plant type Calculation Concentration ratio to R-R
code %Mn 0Co 05, Bics
Rice seeds R-K 8.45x10° 805x10" 8.06x10° 799%x10°
M-K-5-A 249%10™ 489x10™ 242x10™ 6.92x10™"
M-K-5-B 201x10™ 486x10" 1.79x10™ 6.78x10™
M-K-5-C 346x10™" 494x10™ 367x10™ 7.25%10™
M-K-25-A 253x10™" 496x10™ 6.29x10™ 7.73%10™
M-K-25-B 2.03x10™" 489x10°" 373x10" 7.16x10™"
M-K-25-C 353x107! 5.10x10* 1.14x10° 8.77x10™
Chinese R-K 781x107! 6.09x10™ 2.10x10 1.29x10°
cabbage M-K-5-A 837x10™" 560x107 750x10° 6.82x10°
M-K-5-B 747x107" 5.35x10™ 478x10° 6.07x10™
M-K-5-C 1.01x10° 6.10x10™ 1.29x10 8.25x10™
M-K-25-A 842x10™" 6.25x10™ 1.93x10" 1.06x10°
M-K-25-B 7.47x107 5.70x10™ 1.07x10" 796x10™
M-K-25-C .1.03x10° 740x10" 3.66x10' 1.57x10°
Radish root R-K 86010 845x10" 5.28x10° 1.05x10°
M-K-5-A 7.05x107 331x10" 1.62x10° 271x10™
M-K-5-B 5.32x107? 3.20x10™ 9.91x10" 2.45x107
M-K-5-C 1.05x10™! 354x10™" 287x10° 3.23x10™"
M-K-25-A 7211072 360x10" 482x10° 405x10™"
M-K-25-B 542x107? 3.35x10™ 258x10° 3.12x10™
M-K-25-C 1.08x10 411x10™ 9.24x10° 592x10"
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